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Robotic Surgery for Rectal Cancer: An Update in 2015

During the last decade, robotic surgery for rectal cancer has rapidly gained acceptance
among colorectal surgeons worldwide, with well-established safety and feasibility. The lower
conversion rate and better surgical specimen quality of robotic compared with laparoscopic
surgery potentially improves survival. Earlier recovery of voiding and sexual function after
robotic total mesorectal excision is another favorable outcome. Long-term survival data are
sparse with no evidence that robotic surgery offers major benefits in oncological outcomes.
Although initial reports are promising, more rigorous scientific evaluation in multicenter,
randomized clinical trials should be performed to definitely determine the advantages of
robotic rectal cancer surgery.

Jung Myun Kwak, MD, PhD
Seon Hahn Kim, MD, PhD

Colorectal Division, Department of Surgery,
Korea University Anam Hospital,
Korea University College of Medicine, Seoul,
Korea

Key words
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Introduction
Since a robotic surgical system was developed in the early
1990s and the first robotic-assisted radical prostatectomy
(RARP) was reported in 2001 [1], robotic surgery has spread
in many surgical specialties, changing surgical management.
In the United States, RARP has increased steeply from 8% of
radical prostatectomies in 2004 to 67% in 2010 [2]. Likewise,
the number and indications for robotic gynecological surgery
│ http://www.e-crt.org │

have continued to expand [3].
Over the past decade, robotic surgery has undergone substantial changes for pelvic procedures and been applied to
colorectal surgery. Colorectal surgeons expected that robotic
surgery would resolve technical difficulties associated with
laparoscopic surgery, which has a steep learning curve. Since
the first report of robotic-assisted colectomies by Weber et al.
[4] in 2002, a variety of colorectal procedures have used robot
assistance for a range of diseases [5-8].
Currently, compared to other colorectal procedures,
Copyright ⓒ 2016 by the Korean Cancer Association
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robotic surgery appears to offer great benefits for total
mesorectal excision (TME) for rectal cancer. For example,
abdominal cavity procedures such as right hemicolectomy
and high anterior resection are relatively uncomplicated and
can be performed easily by laparoscopic surgery. According
to a recent study that analyzed nationwide data on current
surgical management for colorectal cancer surgery in Korea,
robotic surgery was used for 185 cases of rectal cancer in
2008, increasing steadily to 490 cases in 2013. In contrast,
robotic colon cancer surgery decreased from 110 cases
in 2009 to only 10 cases in 2013 [9]. Furthermore, robotic
colorectal surgery is more expensive than conventional
laparoscopy.
Most relevant recent reports have focused on the clinical
benefits of robotic rectal cancer surgery compared with
laparoscopic surgery [10-27]. The indications for robotic and
laparoscopic rectal cancer surgery are not different. No contraindications apply solely to robotic surgery for rectal cancer. However, no clear advantage supporting the use of this
expensive technology has been demonstrated. For robotic
rectal cancer surgery to become the preferred minimally
invasive option, it must demonstrate that it does not have
the technical difficulties and steep learning curve of laparoscopic surgery. Therefore, we reviewed current evidence to
compare surgical, pathological, functional, and oncological
outcomes of robotic and laparoscopic surgery for rectal cancer.

surgery for rectal cancer were reviewed and compared with
laparoscopic or open rectal cancer surgery; results are in
Table 1.
Initially, a longer operating time was generally accepted
to be a drawback of robotic rectal cancer surgery compared
with laparoscopic procedures. However, recent studies
report equivalent or even shorter operating times for robotic
surgery for rectal cancer [10,13,16,21]. As most studies were
published by highly experienced laparoscopic colorectal surgeons, the main reason underlying the initially reported
lengthy operating times for robotic surgery was likely a
difference in the level of mastery for the two operative techniques. Operating time does not appear to be an issue after
surgeons accumulate experience and overcome the learning
curve.
An excellent conversion rate is consistently reported in
initial studies of robotic surgery. Because converted patients
have higher complication rates and worse oncological
outcomes, the low conversion rate for robotic rectal cancer
surgery suggests expected better postoperative courses and
improved oncological outcomes [28-31]. Postoperative recovery appears to be similar for robotic and laparoscopic surgery. Postoperative complication rates are also similar for
these two procedures.

Pathological and Oncological Outcomes
Materials and Methods
We searched the MEDLINE database with PubMed for all
articles published between 2002 and 2015 using the keywords “robot*,” “da Vinci,” “colo*,” and “*rectal.” We also
manually searched articles using references from related
articles. The final search was performed in November 2015.
Only papers published in English were included; studies
with only abstracts and meeting reports were excluded.
Articles were chosen for their relationship to the topic. When
multiple studies used the same patient population, the most
recent publication was used.

Short-Term Surgical Outcomes of Safety and
Feasibility
Robotic surgery for rectal cancer has been established as
safe and feasible. Short-term surgical outcomes of robotic
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Pathological outcomes for several prognostic indicators for
robotic and laparoscopic surgery groups are in Table 2
[10-27]. It is well established that increasing the number of
retrieved lymph nodes has a strong impact on prognosis [32].
Circumferential resection margin (CRM) involvement in surgical specimens is a well-known prognostic factor for local
recurrence [33,34]. The length of the distal resection margin
and TME completeness are thought to reflect surgical quality
and affect long-term oncological outcomes.
Most studies did not find significant differences between
robotic and laparoscopic rectal cancer surgery in number of
retrieved lymph nodes. Based on recommendations from the
College of American Pathologists about the minimum number of nodes to be dissected, the reported mean and median
numbers of retrieved lymph nodes are acceptable [35]. The
length of distal resection margins was not significantly different for robotic, laparoscopic (or open) surgery for patients
who underwent rectal cancer surgery. The rate of CRM
involvement was also not different between the two groups
in all except one series [21].
Macroassessment and microassessment of surgical specimens quality are made by pathologists to determine TME

Korea (2015)

Korea (2015)

Denmark (2015)

Turkey (2015)

Cho et al. [11]

Kim et al. [12]

Levic et al. [13]

Serin et al. [14]

USA (2014)

Italy (2014)

Spain (2014)

USA (2014)

Barnajian et al. [17]

Ghezzi et al. [18]

Ielpo et al. [19]

Tam et al. [20]
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Korea (2011)

Italy (2010)

Italy (2009)

Park et al. [25]

Bianchi et al. [26]

Patriti et al. [27]

Nonrandomized
comparative

Case matched

Case matched

Case matched

Nonrandomized
comparative
Nonrandomized
comparative
Nonrandomized
comparative
Nonrandomized
comparative
Nonrandomized
comparative
Case matched

Nonrandomized
comparative
Nonrandomized
comparative
Nonrandomized
comparative
Nonrandomized
comparative
Case matched

Case matched

Case matched

Case matched

Study design
Robot
Lap
Robot
Lap
Robot
Lap
Robot
Single port lap
Robot
Lap
Robot
Lap
Robot
Lap
Robot
Lap
Open
Robot
Open
Robot
Lap
Robot
Lap
Robot
Lap
Robot
Lap/HAL
Robot
Open
Robot
Lap
Robot
Lap
Robot
Lap
Robot
Lap

Surgery
20
40
278
278
33
66
56
36
14
65
203
239
133
84
20
20
20
65
109
56
87
21
21
50
50
13
59
100
100
59
59
41
82
25
25
29
37

Sample size
291
313
361.6±91.9*
272.4±83.8
441.0±90.2*
277.0±83.2
247 (130-511)
295 (108-465)
182 (140-220)*
140 (90-300)
232.9±72.0
227.6±62.6
205.7±67.3
208.8±81.2
240 (150-540)
180 (140-480)
240 (115-475)
299.0±58.0*
207.5±56.5
309±84*
252±90
260 (189-449)*
240 (171-360)
270 (240-315)
280 (240-350)
528 (416-700)*
344 (183-735)
188±45
103±23
270 (241-325)*
228 (177-254)
231.9±61.4*
168.6±49.3
240 (170-420)
237 (170-545)
202±12
208±7

Operating
time (min)
5
20
0.4
0.7
6.1
0.0
5.4
0.0
0.0
3.1
0.0*
3.3
0.0*
7.1
0.0
10
NA
1.5
NA
3.5
11.5
5.0
0.0
0.0*
12.0
8
17
0.0
NA
0.0
3.4
0.0
0.0
0.0
4
0.0*
29.2

Conversion (%)

58±76
219±421
179.0±236.5
147.0±295.3
232.0±180.0
205.0±163.8
50 (0-400)
35 (0-400)
NA
NA
15.4±26.4*
39.1±85.1
77.6±153.2
82.3±185.5
125 (50-650)
175 (50-900)
250 (50-800)
0 (0-175)*
150 (0-400)
280±35.3
240±53.7
150 (30-2,000)
100 (50-1,200)
NA
NA
157 (50-550)
200 (25-1,500)
NA
NA
NA
NA
NA
NA
NA
NA
137.4±156
127±169

EBL (mL)
NA
NA
10.4±5.6
10.7±6.6
10.9±6.2
13.1±12.8
8 (4-100)*
7 (3-51)
5 (4-10)
6 (2-32)
7.3±2.3*
9.3±6.7
5.86±1.43*
6.54±2.65
6 (4-31)
7 (5-36)
7 (3-16)
6 (5-8)*
9 (8-10)
13±10.5
10±3.6
6 (4-23)*
5 (3-14)
8 (7-11)*
10 (8-14)
13±29
8±45
7.1±2.1
6.9±1.5
NA
NA
9.9±4.2
9.4±2.9
6.5 (4-15)
6.0 (4-20)
11.9±7.5
9.6±6.9

40
35
25.9
23.7
45.6
39.4
23.2
27.8
14.3
24.6
8.9
22.6
7.5
9.5
40
10
15
41.5
41.3
26.8
23
42.9
33.3
10
22
NA
NA
NA
NA
32.2
27.1
29.3
23.2
16
24
30.6
18.9

Hospital
Total
stay (day) complications (%)

EBL, estimated blood loss; NA, not available; Lap, laparoscopic; HAL, hand-assisted laparoscopic. *p < 0.05. a)Values in parentheses are interquartile ranges.

Korea (2011)

Korea (2012)

Kim et al. [23]

Kwak et al. [24]a)

USA (2013)

Fernandez et al. [22]

D’Annibale et al. [21]a) Italy (2013)

Korea (2015)

Park et al. [16]

Yamaguchi et al. [15] Japan (2015)

Switzerland (2015)

Country (year)

Allemann et al. [10]

Reference

Table 1. Comparison of clinical outcomes between robotic, laparoscopic, and open surgery for rectal cancer
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Korea (2015)

Korea (2015)

Denmark (2015)

Turkey (2015)

Japan (2015)

Korea (2015)

USA (2014)

Brazil/Italy (2014)

Spain (2014)

USA (2014)

Italy (2013)

USA (2013)

Korea (2012)

Korea (2011)

Korea (2011)

Italy (2010)

Italy (2009)

Cho et al. [11]

Kim et al. [12]

Levic et al. [13]

Serin et al. [14]

Yamaguchi et al. [15]

Park et al. [16]

Barnajian et al. [17]

Ghezzi et al. [18]

Ielpo et al. [19]

Tam et al. [20]

D’Annibale et al. [21]

Fernandez et al. [22]

Kim et al. [23]

Kwak et al. [24]a)

Park et al. [25]

Bianchi et al. [26]

Patriti et al. [27]

Nonrandomized comparative

Case matched

Case matched

Case matched

Case matched

Nonrandomized comparative

Nonrandomized comparative

Nonrandomized comparative

Nonrandomized comparative

Nonrandomized comparative

Case matched

Nonrandomized comparative

Nonrandomized comparative

Nonrandomized comparative

Nonrandomized comparative

Case matched

Case matched

Case matched

Study design
Robot
Lap
Robot
Lap
Robot
Lap
Robot
Single port lap
Robot
Lap
Robot
Lap
Robot
Lap
Robot
Lap
Open
Robot
Open
Robot
Lap
Robot
Lap
Robot
Lap
Robot
Lap/HAL
Robot
Open
Robot
Lap
Robot
Lap
Robot
Lap
Robot
Lap

Surgery
20
40
278
278
33
66
56
36
14
65
203
239
133
84
20
20
20
65
109
56
87
21
21
50
50
13
59
100
100
59
59
41
82
25
25
29
37

Sample
24±14
20±7
15.0±8.1
16.2±8.1
22.3±11.7
21.6±11.0
21 (7-83)*
13 (3-33)
32 (17-56)*
23 (4-67)
30.0±10.3
29.3±11.8
16.34±8.79
16.63±10.24
14 (3-22)
11 (4-18)
12 (4-20)
20.1±10.3*
14.1±6.2
10±8
9±4.8
17 (8-40)*
15 (8-21)
16.5±7.1
13.8±6.7
16±2.0
20±2.0
20±6.9
19.6±8.5
20 (12-27)
21 (14-28)
17.3±7.7
14.2±8.9
18 (7-34)
17 (8-37)
10.3±4
11.2±5

No. of
retrieved LNs
NA
NA
2.0±1.4
2.2±1.4
2.2±1.5
2.2±1.7
3.0 (0.5-0.8)
3.0 (0.5-0.75)
2.75 (0.5-6.0)*
1.5 (1.0-7.0)
2.8±1.9
3.2±2.2
2.75±2.14
2.87±1.63
2.1 (0.5-5.0)
2.2 (0.1-5.5)
2.1 (0.1-4.5)
2.7 (1.6-4.4)
2.2 (1.5-3.0)
NA
NA
3.9 (1.0-18)
5.5 (0.5-8)
3±1.1
3±1.6
NA
NA
2.7±1.7*
1.9±1.3
2.2 (1.5-3.0)
2.0 (1.2-3.5)
2.1±1.4
2.3±1.5
NA
NA
2.1±0.9
4.5±7.2

DRM (cm)
10
25
5.0
4.7
16.1
6.7
NA
NA
NA
NA
NA
NA
6.8
7.1
NA
NA
NA
0
1.8
3.6
2.3
0.0
4.7
0.0*
12.0
0.0
1.7
1.0
1.0
1.7
0.0
4.9
3.7
0.0
4.0
0.0
0.0

95*
55
NA
NA
97
91
60.7
72.2
100
80
NA
NA
NA
NA
80
95
95
NA
NA
NA
NA
NA
NA
NA
NA
69
73
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

CRM
TME
involved (%) completeness (%)

LN, lymph node; DRM, distal resection margin; CRM, circumferential resection margin; TME, total mesorectal excision; NA, not available; Lap, laparoscopic; HAL,
hand-assisted laparoscopic. *p < 0.05. a)Values in parentheses are interquartile ranges.

Switzerland (2015)

Country (year)

Allemann et al. [10]

Reference

Table 2. Comparison of pathological outcomes between robotic, laparoscopic, and open surgery for rectal cancer
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5.9
3.9
2.3
1.2
3.2*
16.1
46.7±11.5
55.1±12.2
Brazil/Italy (2014) Nonrandomized comparative
Ghezzi et al. [18]

Nonrandomized comparative
Korea (2015)
Park et al. [16]

Case matched
Korea (2015)
Cho et al. [11]

OS, overall survival; DSS, disease-specific survival; DFS, disease-free survival; Lap, laparoscopic; NA, not available. *p < 0.05.

81.8
79.6
81.9
78.7
73.2
69.5
93.6
95.5
NA
NA
86.6
78.3
92.2
93.1
92.8
93.5
85
76.1
51.0±13.1
52.5±17.1
54.4±17.3

278
278
133
84
65
109
Robot
Lap
Robot
Lap
Robot
Open

5-Yr
DSS (%)
5-Yr
OS (%)
Follow-up
period (mo)
Sample size
Surgery
Study design
Country (year)
Reference

Table 3. Comparison of long-term oncological outcomes between robotic, laparoscopic, and open surgery for rectal cancer

5-Yr
DFS (%)

5-Yr cumulative
local recurrence rate (%)
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completeness, another predictor of local recurrence [36]. Baik
et al. [37] indicated that the macroscopic completeness of
TME for surgical specimens represents TME quality more
precisely than CRM involvement, because CRM involvement
is influenced by surgical quality and location, size and progression of the tumor and metastatic lymph nodes. Baik et
al. [37] reported that macroscopic TME grading of specimens
was significantly better in a robotic surgery group (92.9% for
robotic vs. 75.4% for laparoscopic surgery, p=0.033). Allemann et al. [10] also reported significantly better TME quality
in a robotic than a laparoscopic group (complete TME: 95%
vs. 55%, p=0.0003) and a trend for a lower rate of CRM
involvement in the robotic group (10% vs. 25%, p=0.1). However, other studies failed to demonstrate the superiority
of robotic over laparoscopic surgery for TME quality or
reported quantitatively poorer TME quality for robotic than
laparoscopic surgery [12-14,17]. Because demonstrating the
clinical benefits of robotic surgery for rectal cancer is difficult,
some studies have evaluated TME quality as the primary
endpoint. However, no evidence indicates that better TME
quality translates into better survival from robotic rectal cancer surgery [10,16,37].
Long-term survival data are sparse (Table 3). Cho et al. [11]
performed case-matched analyses of long-term oncological
outcomes for fully robotic and laparoscopic TME patients,
excluding hybrid robotic surgery. No significant differences
were found between the two groups for 5-year overall, or
disease-specific, disease-free, or local recurrence-free survival. Another study from the same institution by Park et al.
[16] compared 133 hybrid-robotic surgeries and 84 laparoscopic low-anterior resections for rectal cancer by a single
surgeon. The mean follow-up period was 54.4 months. The
5-year overall survival and disease-free survival rates were
not different between the two groups. Cumulative incidence
of local recurrence was excellent in both groups: 2.3% in the
robotic group and 1.2% in the laparoscopic group (p=0.649).
Ghezzi et al. [18] compared survival in robotic and open rectal cancer surgery groups. Mean follow-up was 46.7 and 55.1
months, respectively. Five-year overall, disease-specific, and
disease-free survival rates were not different between the
robot and open groups; however, the 5-year cumulative local
recurrence rate was significantly lower in the robot group
(3.2% vs. 16.1%, p=0.024).
At present, no evidence supports that robotic surgery
offers major benefits in surgical or oncological outcomes.
Currently, several randomized controlled trials are underway to address whether robotic surgery has more favorable
surgical and oncological outcomes compared with laparoscopic surgery. However, oncological outcomes should be
equal, regardless of surgical approach, with strict adherence
to surgical principles. For prostate cancer, multiple RARP
series have demonstrated the safety, efficiency, and reproVOLUME 48 NUMBER 2 APRIL 2016
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ducibility of the procedure, although it does not have superior oncological outcomes compared to laparoscopic or open
surgery [38-40]. Despite the higher medical cost and lack of
advantages, a growing number of radical prostatectomies are
performed with robotic assistance. We anticipate an increase
in rectal cancers treated with robotic surgery without waiting
for clear demonstration of its oncological benefits.

statistically significant (p=0.045) [21]. These results should
be interpreted with caution because of the relatively small
number of patients enrolled in the three studies. Publication
bias is another consideration.

Technical Evolution and Future Perspectives
Functional Outcomes
Voiding and sexual dysfunctions after rectal cancer surgery are common and well-known sequelae. The incidences
of postoperative urinary and sexual dysfunction have
decreased notably since the introduction of TME and autonomic nerve preservation techniques. Nonetheless, these adverse events remain a serious problem, with 4%-10% of TME
patients reporting urinary dysfunction and 5%-30% reporting sexual dysfunction [41-44]. Regardless of the advantages
of a laparoscopic approach such as magnified view and
direct visualization of the low pelvis, the technical difficulties
associated with laparoscopic surgery increase the risk of
inadvertent damage to autonomic nerves. In the MRC
CLASICC trial, laparoscopic rectal resection did not cause
voiding dysfunction but tended to adversely affect male sexual function. Particularly, TME and conversion to open surgery were identified as independent risk factors for worse
male sexual function [45].
Robotic TME is hypothesized to achieve better preservation of urinary and sexual functions than laparoscopic TME.
Technological advantages in robotic surgical systems, including advanced three-dimensional views, finer dissection using
the freely articulating EndoWrist, and stable traction with a
third robotic arm are expected to result in greater preservation of autonomic nerves than with laparoscopic surgery.
The low conversion rate of robotic TME compared to laparoscopic TME supports this hypothesis and currently available
evidence is promising. Kim et al. [46] compared voiding and
sexual function before and after robotic or laparoscopic TME
for rectal cancer. The study demonstrated that voiding and
sexual function recovered earlier in a robotic TME group
than a laparoscopic group [46]. Park et al. [47] compared
functional outcomes of robotic and laparoscopic intersphincteric resection for low rectal cancer, and reported a trend
toward earlier recovery of male sexual function in the robotic
than the laparoscopic group. A report by D’Annibale et al.
[21] demonstrated that erectile function was preserved in
all sexually active patients who underwent robotic TME.
However, function was preserved only in 43% of patients
who underwent laparoscopic TME and this difference was
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Recently developed robotic instruments and new robotic
platform technologies require further investigation. An
example is the robotic stapler (da Vinci EndoWrist Stapler
45), which we have used in our recent rectal surgery practice.
This stapler is fully controlled from a surgeon’s console, provides a full cone of articulation, and features SmartClamp
feedback. Software detects adequate closure of the stapler
jaws on the target tissue based on tissue thickness. We are
interested in determining whether use of this instrument
results in better clinical outcomes, particularly for anastomotic leakage.
FireFly fluorescence imaging with current surgical robotic
systems provides integrated fluorescence images using nearinfrared technology. The images allow surgeons to distinguish cancerous from normal tissue and evaluate organ and
tissue perfusion. Although indications for fluorescence
imaging are limited to assessment of anastomotic perfusion
in colorectal surgery, future technological advances and
development of new fluorescent agents will expand its clinical applications [48-50].
Undoubtedly, future robotic systems will have little resemblance to the machines that are in use today. The extent to
which current robotic surgical systems will undergo evolutionary changes over the next decades is unclear. Many
research and development groups are working to develop
robotic technologies. The development of artificial intelligence [51,52], miniaturization of surgical robots [53,54],
incorporation of nanotechnology [51], and development of
telepresence surgery with improved communication systems
are all likely to impact robotic surgery in the near future.

Conclusion
Although robotic rectal cancer surgery is expensive, its
safety and feasibility are well established. Its lower conversion rate and better surgical specimen quality compared to
laparoscopic surgery may potentially improve survival.
Although initial reports are promising, randomized clinical
trials should be performed to definitely determine the safety,

Jung Myun Kwak, Robotic Surgery for Rectal Cancer

efficacy, and long-term oncological and functional benefits
of robotic rectal cancer surgery.
As the technology for surgical robots continues to advance
rapidly, future robotic systems will become increasingly
affordable and more refined. Adoption of new technology
occurs over time, and technological advantages will ensure
that robotic surgical systems are eventually part of the normal armamentarium for routine surgical tasks.
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Purpose
This study described the 2013 nationwide cancer statistics in Korea, including cancer incidence, survival, prevalence, and mortality.
Materials and Methods
Cancer incidence data from 1999-2013 were obtained from Korea National Cancer Incidence Database and followed until December 31, 2014. Mortality data from 1983-2013
were obtained from Statistics Korea. The prevalence was defined as the number of cancer
patients alive on January 1, 2014 among all cancer patients diagnosed since 1999. Crude,
and age-standardized and 5-year relative survival rates were also calculated.
Results
In 2013, a total of 225,343 and 75,334 Koreans were newly diagnosed and died from cancer, respectively. The age-standardized rates for cancer incidence and mortality in 2013
were 290.5 and 87.9 per 100,000, respectively. The age-standardized cancer incidence
rate increased 3.1% annually between 1999 and 2013. However, the overall cancer incidence rates have decreased slightly in recent years (2011 to 2013). The age-standardized
rate for all-cancer mortality has decreased 2.7% annually since 2002. Overall, the 5-year
relative survival rate for people diagnosed with cancer between 2009 and 2013 was 69.4%,
which represents an improved survival rate as compared with 41.2% for people diagnosed
between 1993 and 1995.
Conclusion
Age-standardized cancer incidence rates have decreased between 2011 and 2013; mortality rates have also declined since 2002, while 5-year survival rates have improved
remarkably from 1993-1995 to 2009-2013 in Korea.

Introduction
Cancer is a major life-threatening disease worldwide.
GLOBOCAN 2012 estimated that approximately 14.1 million
patients were newly diagnosed with cancer and 8.2 million
people died from cancer [1]. The global burden of cancer is
expected to grow rapidly due to population growth and
aging [2].
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In Korea, cancer accounts for one in four deaths (27.6%)
and more than 200,000 new cancer cases were diagnosed in
2012 [3]. Cancer incidence and deaths are expected to increase with increasing population aging and westernized
lifestyles [4]. In addition, the economic burden of cancer in
Korea increased about 1.8-fold, from $11,424 to $20,858 million, between 2000 and 2010 [5].
In this context, cancer statistics are the most important
indicator to assess the national cancer burden and establish
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cancer prevention and control strategies. This article aims to
provide nationwide cancer statistics including cancer incidence, survival, prevalence, and mortality in 2013.

Materials and Methods
1. Data sources
The Korea Central Cancer Registry (KCCR) was established by the Ministry of Health and Welfare in 1980. Until
1998, the KCCR registered cancer cases from hospitals in
order to determine cancer incidence, with increasing coverage. Since 1999, the KCCR has collected cancer incidence data
nationwide by integrating a hospital-based KCCR database
with data from regional cancer registry programs. The KCCR
currently provides the nationwide cancer incidence, survival,
and prevalence statistics annually. KCCR has been described
in more detail elsewhere [6].
The KCCR built the Korea National Cancer Incidence
Database (KNCI DB) from hospitals, 11 population-based
registries, site-specific cancer registries, and additional medical chart review. The KNCI DB includes patient case information including age, sex, region, date of birth, date of diagnosis, primary cancer site, histological type, most valid
diagnostic method, and stage. The completeness of cancer
incidence data for 2013 was estimated to be 97.8% based on
the method proposed by Ajiki et al. [7]. Mid-year population
and cancer mortality data from 1983 to 2013 were obtained
from Statistics Korea (http://kosis.kr) [8]. To ascertain vital
status and calculate survival and prevalence, the KNCI DB
was linked to mortality data.
2. Classification
All incident cancer cases were collected and registered
according to the International Classification of Diseases for
Oncology, 3rd edition [9]. The all cancer cases were reported
according to the International Classification of Diseases, 10th
edition (ICD-10) [10] and categorized into 24 cancer types.
3. Statistical analyses
Rates were expressed as crude and age-standardized rates
(CR and ASR, respectively) per 100,000 individuals. The
crude rate was calculated as the total number of incidence/
mortality cases divided by the mid-year population of the
specified years. The sum of the expected age-specific rates
was obtained by multiplying the age-specific incidence rates
among study population by the proportion of population in

the corresponding age-specific groups among standard population. Next, the age-standardized incidence rates per
100,000 people were calculated as the sums of the expected
age-specific rates divided by the sum of the standard population [11]. We used Segi’s world standard population to calculate the age-standardized rates [12]. Age-specific rates
were also calculated for given age groups. The cumulative
risk of developing cancer from birth to life expectancy were
calculated using cumulative rates; that is, the sum of the agespecific rates from birth to life expectancy, as follows [13]:
Cumulative risk of developing cancer
cumulative rate
)
=100!(1–e –
from birth to life expectancy
100
Trends in incidence/mortality rates were summarized as
annual percentage change (APC). APC is the average percentage change of rates and is calculated as follows [11]:
APC=

Ry+1–Ry
!100=(eb1–1)!100
Ry

, where log(Ry)=b0+b1y,
log(Ry) is the natural log transformed age standardized
rates.
y=year, b0=intercept, b1=slope
The survival duration for each cancer case was determined
as the interval between the date of initial diagnosis and the
date of death, date of loss of follow-up, or closing date for
follow-up (December 31, 2014). Relative survival rates were
calculated using the Ederer II method [14] with some minor
corrections, based on an algorithm by Paul Dickman [15].
The 5-year relative survival rates were calculated as the ratios
of the observed survival of the cancer patients to the expected survival of the general population, which was derived
from the standard life table provided by Statistics Korea.
Trends in 5-year relative survival rates were evaluated as
percentage differences in 5-year relative survival rates from
1993-1995 and 2009-2013.
Prevalent cases were defined as the number of cancer
patients alive on January 1, 2014 among all cancer patients
diagnosed between 1999 and 2013. Limited-duration prevalences were calculated using SEER*Stat software to calculate
1-, 3-, and 5-year prevalent cases.
P-values less than 0.05 were considered statistically significant. SEER*Stat 8.2.1 (National Cancer Institute, Bethesda,
MD) and SAS 9.3 (SAS Institute Inc., Cary, NC) were used to
calculate the incidence, mortality, survival, and prevalence
and to perform the statistical analyses.
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Table 1. Cancer incidence, deaths and prevalence by sex in Korea, 2013
Site/Type
All sites
Lip, oral cavity,
and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladderb)
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri
Ovary
Prostate
Testis
Kidney
Bladder
Brain and CNS
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and ill-defined

New cases

Prevalent casesa)

Deaths

Both sexes

Male

Female

Both sexes

Male

Female

Both sexes

Male

Female

225,343
3,041

113,744
2,181

111,599
860

75,334
1,078

47,079
821

28,255
257

1,370,049
18,539

603,524
12,476

766,525
6,063

2,382
30,184
27,618
16,192
5,283
5,511
1,196
23,177
17,292
3,633
2,212
2,236
9,515
254
4,333
3,762
1,813
42,541
262
4,828
1,327
3,011
13,740

2,186
20,266
16,593
12,105
2,707
2,982
1,116
16,171
61
9,515
254
2,992
3,025
941
8,454
169
2,668
694
1,716
6,948

196
9,918
11,025
4,087
2,576
2,529
80
7,006
17,231
3,633
2,212
2,236
1,341
737
872
34,087
93
2,160
633
1,295
6,792

1,448
9,180
8,199
11,405
3,783
4,831
403
17,177
2,244
892
248
1,038
1,629
19
937
1,280
1,196
393
63
1,581
804
1,593
3,913

1,320
5,995
4,659
8,421
1,874
2,615
369
12,519
13
1,629
19
664
975
625
120
41
929
437
945
2,089

128
3,185
3,540
2,984
1,909
2,216
34
4,658
2,231
892
248
1,038
273
305
571
273
22
652
367
648
1,824

8,090
224,352
190,094
55,049
16,021
7,757
9,149
58,653
147,012
45,989
17,053
15,362
55,756
2,440
29,069
27,440
9,302
300,851
2,194
29,347
4,325
16,309
79,896

7,321
148,926
113,547
41,203
8,195
4,185
8,592
37,399
596
55,756
2,440
19,621
22,360
4,828
49,119
1,401
15,797
2,256
9,002
38,504

769
75,426
76,547
13,846
7,826
3,572
557
21,254
146,416
45,989
17,053
15,362
9,448
5,080
4,474
251,732
793
13,550
2,069
7,307
41,392

CNS, central nervous system. a)Limited-duration prevalent cases on January 1, 2014. These are patients who were diagnosed
between January 1, 1999 and December 31, 2013 and who were alive on January 1, 2014. Multiple primary cancer cases were
counted multiple times, b)Includes the gallbladder and other/unspecified parts of the biliary tract.

Selected Findings
1. Incidence
A total of 225,343 cases were newly diagnosed with cancer
during the study period (Table 1). Of these cases, 113,744
(50.5%) were men and 111,599 cases (49.5%) were women.
Thyroid cancer was the most commonly diagnosed cancer in
2013, and followed by stomach, colorectal, lung, and breast
cancer in 2013. The overall cumulative risk of developing
cancer from birth to life expectancy was 36.6%. However, the
cumulative risk of developing cancer from birth to life
expectancy was higher in men (38.3%) than in women
(35.0%).
The total CR and ASR for overall cancer incidence in 2013
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were 445.7 and 290.5 per 100,000, respectively (Table 2).
According to sex, CRs for all sites combined were 449.9 per
100,000 in men and 441.5 per 100,000 in women. The ASRs
were 316.5 and 281.8 per 100,000 in men and women, respectively. Stomach cancer (CR, 80.2 per 100,000) was the most
common cancer in men, followed by colorectal (CR, 65.6 per
100,000), lung (CR, 64.0 per 100,000), liver (CR, 47.9 per
100,000), and prostate cancer (CR, 37.6 per 100,000). These
five cancers accounted for 65.6% of newly diagnosed cancer
in men during the study period. In contrast, thyroid cancer
(CR, 134.9 per 100,000) was the most common cancer among
women, followed by breast (CR, 68.2 per 100,000), colorectal
(CR, 43.6 per 100,000), stomach (CR, 39.2 per 100,000), and
lung cancer (CR, 27.7 per 100,000). These five cancers
accounted for 71.0% of cases in women.

Chang-Mo Oh, Cancer Statistics in Korea, 2013

Table 2. Crude and age-standardized cancer incidence rates by sex in Korea, 2013
Crude incidence rate
per 100,000

Site/Type
All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladderb)
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri
Ovary
Prostate
Testis
Kidney
Bladder
Brain and CNS
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and ill-defined

Age-standardized incidence rate
per 100,000a)

Both sexes

Male

Female

Both sexes

Male

Female

445.7
6.0
4.7
59.7
54.6
32.0
10.4
10.9
2.4
45.8
34.2
7.2
4.4
4.4
18.8
0.5
8.6
7.4
3.6
84.1
0.5
9.5
2.6
6.0
27.2

449.9
8.6
8.6
80.2
65.6
47.9
10.7
11.8
4.4
64.0
0.2
37.6
1.0
11.8
12.0
3.7
33.4
0.7
10.6
2.7
6.8
27.5

441.5
3.4
0.8
39.2
43.6
16.2
10.2
10.0
0.3
27.7
68.2
14.4
8.8
8.8
5.3
2.9
3.4
134.9
0.4
8.5
2.5
5.1
26.9

290.5
4.0
2.9
37.4
34.0
20.2
6.1
6.6
1.5
27.4
23.0
4.8
2.9
3.1
11.4
0.5
5.7
4.4
2.9
60.1
0.4
6.7
1.6
5.0
17.8

316.5
6.0
6.0
55.3
45.6
32.8
7.4
8.2
3.1
44.2
0.2
26.2
1.0
8.3
8.3
3.2
24.0
0.6
8.0
1.9
6.0
20.5

281.8
2.2
0.4
22.4
24.4
9.0
5.0
5.2
0.2
14.9
45.7
9.5
5.8
6.0
3.4
1.4
2.7
96.6
0.3
5.6
1.4
4.2
15.6

CNS, central nervous system. a)Age-adjusted using the world standard population, b)Includes the gallbladder and other/
unspecified parts of the biliary tract.

2. Mortality
In 2013, cancer was the most common leading cause of
death in Korea (Table 3). The total number of deaths from
cancer was 75,334 in 2013, accounting for 28.3% of all deaths
(Table 3). According to sex, 62.5% and 37.5% of cancer deaths
occurred in men and women, respectively (Table 1).
The total CR and ASR for cancer deaths were 149.0 and
87.9 per 100,000, respectively, in 2013 (Table 4). The total CR
and ASR for cancer deaths per 100,000 were higher among
men (ASR, 130.1) than in women (ASR, 57.5).
According to the cancer sites, lung cancer (CR, 49.5 per
100,000) was the leading cause of death in men, followed by
liver (CR, 33.3 per 100,000), stomach (CR, 23.7 per 100,000),
colorectal (CR, 18.4 per 100,000), and pancreatic cancer (CR,
10.3 per 100,000). The top five causes of deaths from cancer

in women included lung (CR, 18.4 per 100,000), colorectal
(CR, 14.0 per 100,000), stomach (CR, 12.6 per 100,000), liver
(CR, 11.8 per 100,000), and breast cancer (CR, 8.8 per 100,000).
3. Trends in cancer incidence and mortality rates
The trends in overall cancer incidence and mortality rates
by sex are shown in Fig. 1. The ASR for all-cancer incidence
increased 3.1% annually from 1999 to 2013 (Table 5, Fig. 1).
However, in recent years, ASR for all-cancer incidence has
decreased slightly, from 303.8 per 100,000 in 2011 to 290.5 per
100,000 in 2013 (APC, –2.1%). In contrast, ASR for all-cancer
mortality has decreased 2.7% annually from 2002 to 2013
(Fig. 1).
The ASR for all-cancer incidence in women (APC, 5.1%;
95% confidence interval [CI], 4.6 to 5.6) has increased more
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Table 3. The top 10 leading causes of death in Korea, 2013
Rank

1
2
3
4
5
6
7
8
9
10

Cause of death
All causes
Cancer
Cerebrovascular disease
Heart disease
Intentional self-harm (suicide)
Diabetes mellitus
Pneumonia
Chronic lower respiratory diseases
Disease of liver
Transport accidents
Hypertensive diseases
Others

No. of deaths

Percentage of all deaths

Age-standardized death rate
per 100,000a)

266,257
75,334
25,447
25,365
14,427
10,888
10,809
7,074
6,665
6,028
4,732
79,488

100.0
28.3
9.6
9.5
5.4
4.1
4.1
2.7
2.5
2.3
1.8
29.9

309.4
87.9
27.0
27.9
20.3
11.6
11.2
7.3
8.3
8.7
4.9
94.4

Source: Mortality Data, 2013, Statistics Korea [8]. a)Age-adjusted using the world standard population.

4. Trends in cancer incidence and mortality rates by common cancer sites
Between 1999 and 2013, ASR for thyroid cancer incidence
has been most notably increased in both men (APC, 22.7%)
and women (APC, 20.6%) (Tables 6 and 7). Among men, the
age-standardized incidence rates of prostate (APC, 10.7%)
and colorectal cancer (APC, 5.0%) have increased from 1999
to 2013, while the age-standardized incidence rates of liver
(APC, –2.2%), lung (APC, –1.0%), and stomach cancer
(APC, –0.8%) have decreased from 1999 to 2013 (Table 6,
Fig. 2). Among women, the age-standardized incidence rates
of breast (APC, 5.9%), colorectal (APC, 3.7%), and lung (APC,
1.7%) have increased from 1999 to 2013 (Table 7). However,
the age-standardized incidence rates of cervical (APC,
–3.9%), liver (APC, –1.8%), and stomach cancer (APC, –0.7%)
in women have decreased from 1999 to 2013.
The age-standardized mortality rate of stomach cancer has
decreased continuously in both sexes (Fig. 3). Although the
age-standardized mortality rate of colorectal cancer increased from 1983 to 2003, the mortality rate of colorectal cancer
has leveled off since 2003 in men. For women, the age-standardized mortality of colorectal cancer increased from 1983
to 2004, but the mortality rate has subsequently decreased.
For both sexes, the age-standardized mortality of lung cancer
increased from 1983 to 2002, and the mortality rates for lung
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350
Age-standardized rate per 100,000

rapidly than that in men (APC, 1.3%; 95% CI, 1.0 to 1.6)
(Tables 6 and 7) since 1999, whereas ASR for all-cancer mortality in men (APC, –3.1%; 95% CI, –3.3 to –2.8) has decreased
faster than that in women (APC, –2.2%; 95% CI, –2.5 to –1.9)
since 2002 (Fig. 1).

Male incidence

300

Both sexes incidence

250
200

Female incidence

Male mortality

150

Both sexes mortality

100
50

Female mortality

0
1983

1988

1993

1998
Year

2003

2008

2013

Fig. 1. Annual age-standardized cancer incidence and
death rates by sex for all sites from 1983 to 2013 in Korea.
Age standardization was based on the Segi’s world standard population.

cancer decreased. The mortality rates for uterine cancer in
women and liver cancer in both sexes have continuously
decreased since the mid-1990s. However, the breast cancer
mortality rate in women and the prostate cancer mortality
rate in men showed increasing trends during the observation
period (1983-2013).
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Table 4. Crude and age-standardized cancer mortality rates by sex in Korea, 2013
Crude mortality rate
per 100,000

Site/Type

Age-standardized mortality rate
per 100,000a)

Both sexes

Male

Female

Both sexes

Male

Female

149.0
2.1
2.9
18.2
16.2
22.6
7.5
9.6
0.8
34.0
4.4
1.8
0.5
2.1
3.2
0.0
1.9
2.5
2.4
0.8
0.1
3.1
1.6
3.2
7.7

186.2
3.2
5.2
23.7
18.4
33.3
7.4
10.3
1.5
49.5
0.1
6.4
0.1
2.6
3.9
2.5
0.5
0.2
3.7
1.7
3.7
8.3

111.8
1.0
0.5
12.6
14.0
11.8
7.6
8.8
0.1
18.4
8.8
3.5
1.0
4.1
1.1
1.2
2.3
1.1
0.1
2.6
1.5
2.6
7.2

87.9
1.3
1.7
10.5
9.3
13.8
4.2
5.6
0.4
19.3
2.9
1.1
0.3
1.3
1.7
0.0
1.1
1.4
1.7
0.4
0.1
1.9
0.9
2.2
4.7

130.1
2.3
3.6
16.4
12.9
22.9
5.2
7.2
1.0
34.0
0.0
4.8
0.1
1.8
2.8
2.0
0.3
0.1
2.6
1.2
2.9
6.0

57.5
0.5
0.3
6.1
6.7
6.1
3.5
4.4
0.1
8.8
5.6
1.9
0.6
2.4
0.5
0.5
1.5
0.5
0.1
1.3
0.8
1.6
3.8

All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladderb)
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri
Ovary
Prostate
Testis
Kidney
Bladder
Brain and CNS
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and ill-defined

CNS, central nervous system. a)Age-adjusted using the world standard population, b)Includes the gallbladder and other/
unspecified parts of the biliary tract.
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Fig. 2. Trends in age-standardized incidences of selected cancers by sex from 1999 to 2013 in Korea. (A) Men. (B) Women.
Age standardization was based on the Segi’s world standard population.
VOLUME 48 NUMBER 2 APRIL 2016

441

442

CANCER RESEARCH AND TREATMENT

210.5
3.6
4.1
43.6
20.4
27.9
6.5
5.6
2.3
28.5
10.7
8.5
1.4
2.7
3.1
0.3
3.0
4.6
2.9
6.3
0.2
4.5
1.0
4.7
14.3

1999
205.1
4.4
3.7
42.3
21.0
26.7
6.4
5.5
2.2
27.7
10.8
7.9
1.3
2.5
2.7
0.3
2.9
4.6
2.8
6.1
0.3
4.2
1.0
4.3
13.5

2000
216.7
3.6
3.9
44.0
22.9
27.3
6.7
5.5
2.4
28.3
12.7
8.3
1.5
2.5
3.6
0.3
3.3
4.9
2.8
7.9
0.3
4.5
1.1
4.7
13.9

2001
220.1
3.7
3.8
43.6
24.7
26.5
6.7
5.8
2.2
28.5
13.9
7.7
1.7
2.6
3.9
0.3
3.4
4.7
2.6
9.5
0.3
4.6
1.1
4.8
13.5

2002
227.9
3.8
3.6
43.3
26.9
25.7
6.7
5.9
2.1
27.9
14.3
7.4
1.9
2.7
4.8
0.3
3.5
5.1
2.9
12.8
0.3
5.0
1.1
4.8
15.2

2003
235.1
3.8
3.6
41.2
28.6
25.6
6.9
6.0
1.9
28.8
15.0
6.9
1.9
2.7
6.0
0.3
3.7
5.1
2.9
17.3
0.4
5.3
1.2
4.8
15.3

2004
247.9
3.8
3.5
44.4
31.0
25.8
7.1
6.3
2.0
29.0
16.3
6.5
2.0
2.8
6.3
0.3
4.1
5.1
3.0
20.7
0.3
5.3
1.3
4.7
16.2

2005
252.2
3.8
3.4
42.8
32.5
24.6
6.6
6.2
1.8
28.7
17.0
6.4
2.1
2.8
7.3
0.4
4.4
4.9
2.9
25.5
0.3
5.5
1.3
4.9
16.2

2006

Year
263.5
3.9
3.3
41.8
33.8
24.4
6.6
6.3
1.8
28.4
18.1
5.7
2.2
3.1
8.6
0.4
4.8
5.0
3.1
32.9
0.4
5.6
1.4
4.9
17.3

2007
276.1
4.0
3.3
42.6
34.9
24.1
6.4
6.4
1.7
28.2
18.9
5.9
2.4
2.9
9.8
0.4
5.1
4.8
3.1
41.4
0.4
5.7
1.4
5.0
17.1

2008
286.9
3.8
3.1
43.4
36.9
23.5
6.8
6.3
1.7
28.3
19.7
5.5
2.6
2.8
10.6
0.4
5.2
4.6
3.0
48.2
0.4
6.2
1.5
5.1
17.2

2009
293.5
4.0
3.1
42.5
36.9
22.8
6.6
6.4
1.6
28.6
20.7
5.6
2.6
3.0
11.0
0.4
5.3
4.7
3.1
53.7
0.4
6.2
1.5
5.0
17.6

2010
303.8
4.1
3.0
42.8
38.3
22.5
6.4
6.7
1.5
28.7
22.3
5.2
2.7
3.0
11.9
0.5
5.6
4.7
2.7
59.2
0.5
6.6
1.4
5.2
18.3

2011
301.7
4.0
3.0
40.1
37.7
21.2
6.3
6.8
1.4
27.7
22.7
4.9
2.7
3.1
11.7
0.5
5.6
4.4
2.9
63.2
0.5
6.7
1.6
5.0
17.9

2012
290.5
4.0
2.9
37.4
34.0
20.2
6.1
6.6
1.5
27.4
23.0
4.8
2.9
3.1
11.4
0.5
5.7
4.4
2.9
60.1
0.4
6.7
1.6
5.0
17.8

2013

3.1a)
0.4
–2.2a)
-0.6
4.6a)
–2.0a)
–0.3
1.5a)
–3.5a)
–0.1
5.8a)
–4.1a)
5.6a)
1.4a)
12.0a)
4.6a)
5.5a)
–0.5
0.4
20.8a)
4.7a)
3.5a)
3.6a)
0.9a)
2.3a)

APC

APC was calculated using age-standardized incidence data based on the world standard population. APC, annual percentage change; CNS, central nervous system.
a)
Significantly different from zero (p < 0.05), b)Includes the gallbladder and other/unspecified parts of the biliary tract.

All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladderb)
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri
Ovary
Prostate
Testis
Kidney
Bladder
Brain and CNS
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and ill-defined

Site/Type

Table 5. Trends in cancer incidence rates for both sexes from 1999 to 2013 in Korea

Cancer Res Treat. 2016;48(2):436-450

285.0
6.1
8.8
66.2
26.2
46.8
8.1
7.8
4.9
51.4
0.2
8.4
0.6
4.5
9.0
3.2
2.1
0.4
5.8
1.2
5.5
17.9

1999
276.7
7.1
8.0
65.0
27.2
44.7
7.8
7.6
4.5
49.8
0.3
7.2
0.5
4.4
9.0
3.1
1.9
0.4
5.5
1.3
5.0
16.5

2000
288.3
6.0
8.3
67.2
29.6
45.1
8.2
7.6
5.1
51.1
0.2
9.5
0.6
4.9
9.4
3.1
2.4
0.4
5.8
1.4
5.4
16.8

2001
290.0
6.2
8.2
66.6
32.9
43.9
8.1
7.9
4.7
51.0
0.3
10.1
0.6
5.0
9.0
2.9
2.7
0.3
5.8
1.4
5.8
16.5

2002
295.1
6.5
7.7
66.0
35.3
42.3
7.8
7.7
4.5
50.0
0.2
12.5
0.6
5.2
9.7
3.3
3.7
0.4
6.2
1.4
5.5
18.5

2003
299.6
6.2
7.7
62.3
38.0
42.1
8.4
8.0
4.1
50.8
0.2
15.2
0.6
5.5
9.8
3.3
4.8
0.5
6.6
1.4
5.7
18.3

2004
311.4
6.1
7.6
66.9
41.2
42.6
8.7
8.3
4.3
50.9
0.2
15.8
0.6
6.0
9.8
3.3
5.9
0.4
6.5
1.6
5.6
19.3

2005
310.3
6.2
7.2
65.3
43.3
40.3
8.1
8.0
3.8
49.2
0.2
18.0
0.7
6.5
9.6
3.2
7.5
0.4
6.9
1.5
5.6
18.9

2006

Year
317.1
6.3
7.0
63.1
45.3
39.8
7.9
8.2
3.8
48.8
0.1
20.9
0.7
7.1
9.5
3.4
10.0
0.5
7.0
1.6
5.7
20.4

2007
324.2
6.5
7.0
64.5
47.0
39.5
7.6
8.4
3.5
47.7
0.3
23.5
0.7
7.5
9.2
3.4
13.3
0.5
6.8
1.7
5.8
19.8

2008
330.9
6.1
6.6
65.0
50.0
38.2
8.1
8.1
3.6
47.5
0.2
25.3
0.8
7.6
8.7
3.5
15.6
0.5
7.5
1.9
5.9
20.0

2009
332.0
6.1
6.5
63.4
50.1
36.9
8.2
8.1
3.4
47.5
0.2
26.1
0.8
8.0
8.9
3.5
18.6
0.6
7.4
1.8
6.0
19.9

2010
337.2
6.4
6.3
63.8
52.0
36.1
7.7
8.6
3.2
46.7
0.2
27.7
0.9
8.1
8.9
3.0
20.4
0.6
7.7
1.8
6.1
20.9

2011
329.1
6.2
6.1
59.6
50.4
34.5
7.6
8.5
3.0
44.7
0.2
27.3
0.9
8.3
8.3
3.3
23.3
0.6
7.9
2.0
5.9
20.3

2012
316.5
6.0
6.0
55.3
45.6
32.8
7.4
8.2
3.1
44.2
0.2
26.2
1.0
8.3
8.3
3.2
24.0
0.6
8.0
1.9
6.0
20.5

2013

1.3a)
–0.2
–2.6a)
–0.8a)
5.0a)
–2.2a)
–0.4
0.7a)
–3.6a)
–1.0a)
–1.4
10.7a)
4.5a)
5.2a)
–0.7a)
0.5
22.7a)
3.9a)
2.7a)
3.3a)
1.0a)
1.6a)

APC

APC was calculated using age-standardized incidence data based on the world standard population. APC, annual percentage change; CNS, central nervous system.
a)
Significantly different from zero (p < 0.05), b)Includes the gallbladder and other/unspecified parts of the biliary tract.

All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladderb)
Pancreas
Larynx
Lung
Breast
Prostate
Testis
Kidney
Bladder
Brain and CNS
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and ill-defined

Site/Type

Table 6. Trends in cancer incidence rates in men from 1999 to 2013 in Korea

Chang-Mo Oh, Cancer Statistics in Korea, 2013
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161.1
1.6
0.6
26.7
16.4
12.3
5.3
4.0
0.4
12.4
20.9
16.3
2.8
5.0
1.7
1.6
2.6
10.4
0.1
3.4
0.8
3.9
11.8

1999
157.4
2.4
0.6
25.2
16.4
11.8
5.5
4.0
0.3
12.5
20.9
15.1
2.6
4.8
1.8
1.6
2.5
10.1
0.2
3.2
0.8
3.8
11.5

2000
169.0
1.7
0.6
26.2
17.9
12.2
5.7
4.0
0.3
12.3
24.7
15.8
3.0
4.8
1.9
1.7
2.5
13.2
0.2
3.4
0.9
4.1
11.8

2001
174.6
1.7
0.5
26.3
18.8
11.8
5.8
4.2
0.3
12.6
27.2
14.8
3.3
5.0
2.0
1.7
2.4
16.2
0.2
3.5
0.8
4.0
11.5

2002
184.6
1.7
0.6
25.9
20.5
11.5
5.8
4.4
0.3
12.4
27.9
14.2
3.8
5.2
2.1
1.8
2.6
21.9
0.2
4.0
1.0
4.1
12.9

2003
193.9
1.9
0.5
24.7
21.5
11.3
5.9
4.5
0.3
13.0
29.4
13.2
3.7
5.2
2.2
1.7
2.6
29.6
0.2
4.1
1.0
4.1
13.2

2004
208.1
1.9
0.4
26.8
23.0
11.4
6.0
4.7
0.2
13.5
32.1
12.4
3.9
5.5
2.5
1.7
2.8
35.4
0.2
4.4
1.2
4.0
13.9

2005
216.7
1.8
0.5
25.1
24.1
11.1
5.5
4.7
0.2
14.0
33.3
12.2
4.0
5.4
2.7
1.6
2.7
43.4
0.3
4.4
1.1
4.4
14.2

2006

Year
232.5
1.9
0.5
24.8
24.6
11.1
5.6
4.8
0.2
14.0
35.7
11.1
4.2
5.9
2.8
1.7
2.8
55.7
0.3
4.4
1.2
4.2
14.9

2007
249.9
1.9
0.5
25.1
25.2
10.7
5.5
4.9
0.2
14.2
37.3
11.5
4.7
5.6
3.0
1.6
2.7
69.6
0.3
4.8
1.2
4.3
15.0

2008
263.9
1.8
0.4
25.8
26.3
10.6
5.8
4.9
0.2
14.2
38.8
10.7
5.1
5.4
3.2
1.6
2.6
80.8
0.3
5.2
1.2
4.3
14.9

2009
275.5
2.2
0.4
25.4
26.1
10.4
5.4
5.0
0.2
14.8
40.8
10.9
5.1
5.9
3.0
1.5
2.7
89.0
0.3
5.2
1.3
4.1
15.8

2010
290.3
2.1
0.4
25.3
26.8
10.5
5.5
5.1
0.2
15.4
44.1
10.2
5.3
5.8
3.4
1.5
2.5
98.3
0.4
5.6
1.1
4.5
16.2

2011
292.9
2.0
0.5
23.7
27.1
9.6
5.3
5.4
0.1
15.1
44.9
9.6
5.4
6.1
3.2
1.4
2.4
103.5
0.3
5.7
1.4
4.1
15.9

2012
281.8
2.2
0.4
22.4
24.4
9.0
5.0
5.2
0.2
14.9
45.7
9.5
5.8
6.0
3.4
1.4
2.7
96.6
0.3
5.6
1.4
4.2
15.6

2013

5.1a)
1.3
–2.2a)
–0.7a)
3.7a)
–1.8a)
–0.5
2.2a)
–7.0a)
1.7a)
5.9a)
–3.9a)
5.8a)
1.7a)
5.4a)
–1.1a)
0.2
20.6a)
5.7a)
4.4a)
4.1a)
0.7a)
2.7a)

APCa)

APC was calculated using age-standardized incidence data based on the world standard population. APC, annual percentage change; CNS, central nervous system.
a)
Significantly different from zero (p < 0.05), b)Includes the gallbladder and other/unspecified parts of the biliary tract.

All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladderb)
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri
Ovary
Kidney
Bladder
Brain and CNS
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and ill-defined

Site/Type

Table 7. Trends in cancer incidence rates in women from 1999 to 2013 in Korea

Cancer Res Treat. 2016;48(2):436-450

Chang-Mo Oh, Cancer Statistics in Korea, 2013

Table 8. The five common sites of cancer incidence by age group and sex in Korea, 2013
Age (yr)

Rank
Male
1
2
3
4
5
Female
1
2
3
4
5

0-14

15-34

35-64

≥ 65

Leukemia (4.3)
Non-Hodgkin lymphoma (2.4)
Brain and CNS (2.0)
Liver (0.4)
Testis (0.4)

Thyroid (17.7)
Leukemia (3.5)
Colon and rectum (3.2)
Non-Hodgkin lymphoma (3.0)
Stomach (2.3)

Stomach (88.3)
Colon and rectum (69.5)
Liver (62.4)
Thyroid (54.6)
Lung (42.4)

Lung (449.4)
Stomach (396.3)
Colon and rectum (333.4)
Prostate (289.3)
Liver (192.1)

Leukemia (3.4)
Brain and CNS (1.9)
Non-Hodgkin lymphoma (1.1)
Thyroid (0.6)
Ovary (0.6)

Thyroid (71.7)
Breast (10.6)
Cervix uteri (5.5)
Stomach (3.4)
Ovary (3.1)

Thyroid (228.2)
Breast (123.9)
Colon and rectum (40.8)
Stomach (38.8)
Lung (21.7)

Colon and rectum (176.5)
Stomach (149.3)
Lung (126.6)
Thyroid (92.7)
Liver (72.5)

CNS, central nervous system.

5. Age-specific incidence rates
According to age group, leukemia was the most commonly
diagnosed cancer among children between 0-14 years of age,
while thyroid cancer was the most common cancer among
adolescents and young adults between 15 and 34 years of age
(Table 8). For men, the incidence rate of cancer increased
with age (Fig. 4A). Stomach cancer was the most commonly
diagnosed cancer among men aged 35 and 64 years old,
while lung cancer was the most common among elderly men
aged " 65 years. In contrast, thyroid cancer was most commonly diagnosed among women aged 35 and 64 years, while
colorectal cancer was most common among elderly women
aged " 65 years. Thyroid and breast cancer showed inverted
U-shaped incidence rates by age (Fig. 4B).
6. Survival rates
The 5-year relative survival rates for all cancer combined
improved remarkably in both sexes, from 41.2% in 1993-1995
to 69.4% in 2009-2013 (Table 9, Fig. 5A). After excluding thyroid cancer, the 5-year relative survival rates for all cancer
still increased from 1993-1995 to 2009-2013 (Fig. 5B).
The 5-year relative survival rate in 2009-2013 for all cancer
combined was 61.0% in men and 77.7% in women, respectively. The 5-year relative survival rate for thyroid cancer
was over 100%, while the 5-year relative survival rates for
testis, prostate, and breast cancer were over 90% in 2009-2013
for both sexes, respectively. However, the 5-year relative survival rate for pancreatic cancer was only 9.4% in both sexes
in 2009-2013.
When compared to the 5-year relative survival rate for

1993-1995, prostate cancer diagnosed from 2009 to 2013
showed the most outstanding improvement, followed by
stomach cancer, leukemia, ‘lip, oral cavity, and pharynx’ and
colorectal cancer in men. Among women, stomach cancer
diagnosed during 2009-2013 showed the greatest improvement in 5-year relative survival rates compared to those
between 1993 and 1995, followed by leukemia, non-Hodgkin’s lymphoma, colorectal cancer, and kidney cancer.
7. Prevalence rates
A total of 1,370,049 cancer prevalent cases were identified
on January 1, 2014 (Table 1). Of these cases, 603,524 (44.1%)
were men and 766,525 (55.9%) were women. The crude and
age-standardized prevalence rates for cancer overall were
2,709.8 per 100,000 individuals and 1,772.4 per 100,000 individuals for both sexes, respectively, in 2013 (Table 10).
Among men, the crude and age-standardized prevalence
rates for cancer overall were 2,387.1 and 1,683.6 per 100,000
individuals, respectively. Among women the rates for cancer
overall were 3,032.6 and 1,944.3 per 100,000 individuals,
respectively.
The five most common cancers for men were stomach (CR,
589.0 per 100,000), colorectal (CR, 449.1 per 100,000), prostate
(CR, 220.5 per 100,000), thyroid (CR, 194.3 per 100,000), and
liver cancer (CR, 163.0 per 100,000). In contrast, thyroid cancer was most common in women (CR, 995.9 per 100,000),
followed by breast (CR, 579.3 per 100,000), colorectal (CR,
302.8 per 100,000), stomach (CR, 298.4 per 100,000), and
cervix uteri cancer (CR, 181.9 per 100,000).
Analysis of the time period after cancer diagnosis revealed
that thyroid cancer (23.2%) was the most prevalent cancer
VOLUME 48 NUMBER 2 APRIL 2016
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Fig. 3. Annual age-standardized cancer mortalities of selected cancers by sex from 1983 to 2013 in Korea. (A) Men. (B)
Women. Age standardization was based on the Segi’s world standard population.
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Fig. 4. Age-specific incidence rates of common cancers for 2013 in Korea. (A) Men. (B) Women.

within 2 years after cancer diagnosis, followed by stomach
(13.9%) and colorectal cancer (13.3%) (Fig. 6). Thyroid cancer
(26.2%) was most prevalent for 2-5 years, followed by stom-
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ach (15.4%) and colorectal cancer (14.0%). After 5 years,
stomach cancer (18.6%) was the most prevalent cancer, followed by thyroid (18.1%) and colorectal cancer (14.1%).

41.2
41.1
12.7
42.8
54.8
10.7
17.3
9.4
59.7
11.3
77.9
77.5
81.5
58.7
55.9
85.4
62.0
69.1
38.5
94.2
68.0
46.6
22.1
26.5
42.1

All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladderb)
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri
Ovary
Prostate
Testis
Kidney
Bladder
Brain and CNS
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and ill-defined

44.0
46.7
15.2
46.6
58.0
13.2
19.7
7.6
62.3
12.7
83.2
80.0
81.8
58.9
67.2
90.4
66.1
73.1
39.0
94.9
71.2
50.8
19.8
33.3
45.9

19962000
53.8
54.2
21.2
57.7
66.6
20.2
22.8
8.2
66.2
16.2
88.5
81.3
84.6
61.4
80.2
90.6
73.4
75.6
40.7
98.3
76.6
60.0
29.3
41.8
55.9

20012005
69.4
63.1
33.4
73.1
75.6
31.4
29.0
9.4
73.1
23.5
91.5
80.1
87.9
62.0
92.5
94.9
80.8
75.3
41.8
100.2
78.2
68.4
38.9
49.7
68.1

28.2
22.0
20.7
30.3
20.8
20.7
11.7
13.4
12.2
13.6
2.6
6.4
3.3
36.6
9.5
18.8
6.2
3.3
6.0
10.2
21.8
16.8
23.2
26.0

2008Changea)
2013
31.7
35.8
11.8
43.0
55.3
9.9
16.6
8.8
60.2
10.4
75.1
55.9
85.4
60.8
70.0
37.2
87.2
67.6
45.3
21.1
26.2
37.4

19931995
35.3
41.1
14.3
46.9
59.0
12.9
20.3
7.3
62.8
11.6
85.6
67.2
90.4
64.4
74.8
37.5
89.5
68.1
48.9
17.8
32.3
42.4

19962000
45.3
49.4
20.5
58.4
68.5
20.2
23.3
8.2
66.8
15.0
87.0
80.2
90.6
72.8
77.4
40.1
95.8
74.6
58.1
29.6
41.7
52.2

20012005

Male

61.0
59.3
33.1
73.9
77.5
31.6
30.2
9.2
73.5
20.5
91.6
92.5
94.9
80.5
77.4
40.1
100.6
78.6
66.6
37.6
49.7
64.6

29.3
23.5
21.3
30.9
22.2
21.7
13.6
0.4
13.3
10.1
16.5
36.6
9.5
19.7
7.4
2.9
13.4
11.0
21.3
16.5
23.5
27.2

2008Changea)
2013
53.4
58.1
23.7
42.6
54.2
13.6
18.0
10.1
55.4
14.2
78.0
77.5
81.5
58.7
64.5
65.5
40.2
95.4
68.6
48.7
23.3
26.8
47.4

19931995
55.3
63.8
24.2
46.0
56.8
14.2
19.1
8.1
57.8
16.2
83.2
80.0
81.8
58.9
69.7
66.3
40.7
95.9
77.4
53.5
22.1
34.6
50.0

19962000
64.0
67.7
29.6
56.4
64.2
20.4
22.3
8.1
58.2
19.7
88.5
81.3
84.6
61.4
74.5
68.5
41.4
98.7
80.7
62.4
29.0
42.0
60.0

20012005

Female

77.7
73.0
36.1
71.5
72.6
30.8
27.9
9.7
66.9
30.6
91.5
80.1
87.9
62.0
81.6
67.0
43.9
100.1
77.5
70.5
40.5
49.6
71.7

24.3
14.9
12.4
28.9
18.4
17.2
9.9
–0.4
11.5
16.4
13.5
2.6
6.4
3.3
17.1
1.5
3.7
4.7
8.9
21.8
17.2
22.8
24.3

2009Changea)
2013

CNS, central nervous system. a)Percentage change in 5-year relative survival from 1993 to 1995 and 2009 to 2013, b)Includes the gallbladder and other/unspecified
parts of the biliary tract.

19931995

Site/Type

Both sexes

Table 9. Trends in the 5-year relative survival rates (%) by year of diagnosis from 1993 to 2013 in Korea
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A
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

Relative survival (%)

80
60
40
20
0

0

1

2

3 4 5 6 7
Year after diagnosis

8

9

B

100

1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

80
Relative survival (%)

100

60
40
20
0

10

0

1

2

3 4 5 6 7
Year after diagnosis

8

9

10

Fig. 5. Trends in relative survival by year of diagnosis from 1999 to 2013. (A) All sites for both sexes. (B) All sites except
thyroid cancer for both sexes.

Thyroid
Stomach
Colon and rectum
Breast
Lung
Prostate
Liver
Cervix uteri
Non-Hodgkin lymphoma
Kidney
0

40,000

80,000

120,000

160,000

200,000

240,000

280,000

320,000

Cancer prevalent cases
NonCervix uteri Hodgkin
lymphoma

Colon and
rectum

Breast

Lung

Prostate

Liver

27,205

25,285

17,081

16,073

9,257

11,536

3,463

24,650

24,305

16,160

9,618

8,563

8,257

3,211

108,451

63,739

57,954

40,926

16,351

20,307

16,817

9,219

105,973

108,758

82,550

72,845

16,611

17,629

18,439

30,096

300,851

224,352

190,094

147,012

58,653

55,756

55,049

45,989

29,347

Thyroid

Stomach

Under 1 yr

42,346

1-2 yr

44,081

2-5 yr
More than 5 yr
Total

Kidney

All
cancers

4,131

4,000

197,824

3,441

3,609

174,192

8,192

8,629

413,583

13,583

12,831

584,450

29,069

1,370,049

Fig. 6. Prevalence of common cancer sites by time period after cancer diagnosis. Prevalent cases were defined as the number
of cancer patients alive on January 1, 2014 among all cancer patients diagnosed between 1999 and 2013.
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Table 10. Crude and age-standardized rates of cancer prevalence by sex on January 1, 2014 in Korea
Crude prevalence rate
per 100,000a)

Site/Type
All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladderc)
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri
Ovary
Prostate
Testis
Kidney
Bladder
Brain and CNS
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and ill-defined

Age-standardized prevalence rate
per 100,000b)

Both sexes

Male

Female

Both sexes

Male

Female

2,709.8
36.7
16.0
443.7
376.0
108.9
31.7
15.3
18.1
116.0
290.8
91.0
33.7
30.4
110.3
4.8
57.5
54.3
18.4
595.0
4.3
58.0
8.6
32.3
158.0

2,387.1
49.3
29.0
589.0
449.1
163.0
32.4
16.6
34.0
147.9
2.4
220.5
9.7
77.6
88.4
19.1
194.3
5.5
62.5
8.9
35.6
152.3

3,032.6
24.0
3.0
298.4
302.8
54.8
31.0
14.1
2.2
84.1
579.3
181.9
67.5
60.8
37.4
20.1
17.7
995.9
3.1
53.6
8.2
28.9
163.8

1,772.4
24.3
9.9
276.0
232.6
71.1
19.0
9.7
11.2
71.8
191.6
59.1
22.6
21.6
63.1
4.4
38.2
32.2
15.9
409.6
3.6
41.9
5.4
30.6
107.2

1,683.6
34.7
20.0
405.3
311.2
113.2
22.3
11.6
23.6
102.7
1.6
152.1
8.6
54.5
61.4
16.9
135.5
4.6
47.7
6.1
34.2
115.8

1,944.3
15.3
1.7
169.9
169.7
33.2
16.5
8.2
1.2
48.1
376.3
115.0
44.2
42.7
23.9
10.1
14.8
681.9
2.7
36.7
4.8
27.0
100.2

CNS, central nervous system. a)Crude prevalence rate: number of prevalent cases divided by the corresponding person-years
of observation. Prevalent cases were defined as patients who were diagnosed between January 1, 1999 and December 31, 2013
and who were alive on January 1, 2014. Multiple primary cancer cases were counted multiple times, b)Age-adjusted using the
world standard population, c)Includes the gallbladder and other/unspecified parts of the biliary tract.

*The Community of Population-Based Regional Cancer Registries
Chang-Hoon Kim (Busan Cancer Registry, Pusan National
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Prediction of Cancer Incidence and Mortality in Korea, 2016

Purpose
To estimate of Korea’s current cancer burden, this study aimed to report on projected cancer
incidence and mortality rates for the year 2016.
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Materials and Methods
Cancer incidence data from 1999 to 2013 were obtained from the Korea National Cancer
Incidence Database, and cancer mortality data from 1993 to 2014 were acquired from Statistics Korea. Cancer incidence in 2016 was projected by fitting a linear regression model
to observed age-specific cancer incidence rates against observed years, then multiplying
the projected age-specific rates by the age-specific population. The Joinpoint regression
model was used to determine at which year the linear trend changed significantly.
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Results
A total of 254,962 new cancer cases and 75,172 cancer deaths are expected to occur in
Korea in 2016. The five leading primary cancer incident sites in 2016 were estimated colorectal, stomach, lung, liver and thyroid cancer in men; thyroid, breast, colorectal, stomach,
and lung cancer in women.
Conclusion
Currently cancer is one of the foremost public health concerns in Korea. Although cancer
rates are anticipated to decrease the nation’s cancer burden will continue to increase as
the population ages.

+
+
+
+
+
+
+
+
+
+
+
+
+

Introduction
As the leading cause of death in Korea [1], cancer has been
the country’s main public health concern since 1983. Over
224,000 patients were newly diagnosed with cancer in Korea,
and one in four deaths is due to cancer [2]. Although the cancer registration system in Korea is highly efficient and it can
provide nationwide cancer statistics within a relatively brief
period, a lag time of at least 2 years is required to collect,
│ http://www.e-crt.org │

Key words
Incidence, Mortality, Neoplasms, Forecasting, Korea, 2016

compile, and analyze the data of a specific year. For planning
and implementation of comprehensive cancer control programs, it is important to assess the number of new cases and
deaths that are expected to occur during the current year. In
this study, we report the projected cancer incidence and mortality for the year 2016 based on data from the 1990s through
2014.

Copyright ⓒ 2016 by the Korean Cancer Association
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Table 1. Estimated new cancer cases and deaths by sex during 2016 in Korea
Estimated new cases

Site
All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladdera)
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri
Ovary
Prostate
Testis
Kidney
Bladder
Brain and CNS
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and ill defined

Estimated deaths

Both sexes

Male

Female

254,962
3,236
2,335
34,331
37,968
16,014
5,831
6,431
1,033
25,052
20,429
3,013
2,565
2,450
11,062
269
4,961
3,824
1,929
45,474
308
5,538
1,555
3,223
16,131

131,224
2,363
2,137
23,355
23,406
11,558
3,029
3,428
1,000
16,903
73
11,062
269
3,456
3,051
1,026
11,219
199
3,027
833
1,822
8,008

123,738
873
198
10,976
14,562
4,456
2,802
3,003
33
8,149
20,356
3,013
2,565
2,450
1,505
773
903
34,255
109
2,511
722
1,401
8,123

Both sexes
75,172
1,059
1,199
7,054
8,715
10,639
3,994
5,487
342
17,505
2,452
755
296
1,097
1,862
19
1,046
1,412
1,160
360
69
1,661
921
1,760
4,308

Male
46,155
775
1,125
4,402
5,147
7,846
1,927
2,863
339
12,676
19
1,862
19
726
1,076
620
103
44
955
510
1,015
2,106

Female
29,017
284
74
2,652
3,568
2,793
2,067
2,624
3
4,829
2,433
755
296
1,097
320
336
540
257
25
706
411
745
2,202

CNS, central nervous system. a)Includes the gallbladder and other/unspecified parts of the biliary tract.

Materials and Methods
The Korean Ministry of Health and Welfare initiated a
nationwide, hospital-based cancer registry, the Korea Central
Cancer Registry (KCCR), in 1980. The history, objectives, and
activities of the KCCR have been documented in detail elsewhere [3]. Incidence data from 1999 to 2013 were obtained
from the Korea National Cancer Incidence Database. Cancer
cases were classified according to the International Classification of Diseases for Oncology, 3rd edition [4], and converted according to the International Classification of
Diseases, 10th edition (ICD-10) [5]. Mortality data from 1993
to 2014 were acquired from Statistics Korea [1]. The cause of
death was coded and classified according to ICD-10 [5].
The cancer sites included in this study were (1) all cancers
combined and (2) the 24 common cancers as follows: lip, oral
cavity, and pharynx (C00-C14), esophagus (C15), stomach
(C16), colon and rectum (C18-C20), liver and intrahepatic bile
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duct (liver) (C22), gallbladder and other parts of the biliary
tract (gallbladder) (C23-C24), pancreas (C25), larynx (C32),
lung and bronchus (lung) (C33-C34), breast (C50), cervix
uteri (C53), corpus uteri (C54), ovary (C56), prostate (C61),
testis (C62), kidney (C64), bladder (C67), brain and central
nervous system (C70-C72), thyroid (C73), Hodgkin lymphoma (C81), non-Hodgkin lymphoma (C82-C85, C96), multiple myeloma (C90), leukemia (C91-C95), and others.
Population data from 1993 to 2015 were obtained from the
resident registration population, reported by Statistics Korea.
Data on the mid-year population, as of July 1 of the respective year, were analyzed. For the year 2016, however, we
used population data as of December 31, 2015, because mid2015 resident registration population data were not yet available at the time of analysis.
Due to the time required for data collection, compilation,
quality control, and analysis, incidence and mortality data
for a specific year are usually available 2-3 years later. Therefore, to provide an estimate of the nation’s current cancer

Kyu-Won Jung, Cancer Incidence and Mortality in Korea, 2016

Males
131,224
(%)
Colon and rectum 17.8
Stomach
17.8
Lung
12.9
Liver
8.8
Thyroid
8.5
Prostate
8.4
Kidney
2.6
Pancreas
2.6
Bladder
2.3
Gallbladder
2.3
All sites
100.0

A

Females
123,738
(%)
27.7
16.5
11.8
8.9
6.6
3.6
2.4
2.4
2.3
2.1
100.0

Males
46,155
(%)

Thyroid
Breast
Colon and rectum
Stomach
Lung
Liver
Cervix uteri
Pancreas
Gallbladder
Corpus uteri
All sites

Lung
Liver
Colon and rectum
Stomach
Pancreas
Gallbladder
Prostate
Esophagus
Bladder
Leukemia
All sites

B

Females
29,017

(%)
Lung
16.6
12.3 Colon and rectum
Liver
9.6
Stomach
9.1
Pancreas
9.0
8.4
Breast
Gallbladder
7.1
Ovary
3.8
Cervix uteri
2.6
Leukemia
2.6
All sites
100.0

27.5
17.0
11.2
9.5
6.2
4.2
4.0
2.4
2.3
2.2
100.0

Fig. 1. The 10 leading types of estimated new cancer cases and deaths by sex in 2016. (A) Estimated new cases. (B) Estimated deaths.

Table 2. Estimated crude and age-standardized cancer incidences by sex during 2016 in Korea
Crude incidence rate
per 100,000

Site
All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladderb)
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri
Ovary
Prostate
Testis
Kidney
Bladder
Brain and CNS
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and ill defined

Age-standardized incidence rate
per 100,000a)

Both sexes

Male

Female

Both sexes

Male

Female

496.7
6.3
4.6
66.9
74.0
31.2
11.4
12.5
2.0
48.8
39.8
5.9
5.0
4.8
21.6
0.5
9.7
7.5
3.8
88.6
0.6
10.8
3.0
6.3
31.4

511.2
9.2
8.3
91.0
91.2
45.0
11.8
13.4
3.9
65.9
0.3
43.1
1.1
13.5
11.9
4.0
43.7
0.8
11.8
3.3
7.1
31.2

482.3
3.4
0.8
42.8
56.8
17.4
10.9
11.7
0.1
31.8
79.3
11.7
10.0
9.6
5.9
3.0
3.5
133.5
0.4
9.8
2.8
5.5
31.7

311.0
4.0
2.6
39.8
43.9
18.5
6.2
7.0
1.2
27.3
26.2
3.9
3.2
3.2
12.4
0.5
6.1
4.1
3.0
63.3
0.5
7.4
1.8
5.3
19.6

340.0
6.1
5.4
59.0
59.6
29.1
7.6
8.6
2.5
42.3
0.2
28.0
1.0
8.9
7.7
3.4
31.1
0.7
8.6
2.1
6.2
22.0

298.8
2.1
0.4
23.5
30.5
9.1
5.0
5.7
0.1
16.0
52.2
7.5
6.4
6.4
3.5
1.3
2.7
96.2
0.4
6.3
1.5
4.4
17.6

CNS, central nervous system. a)Age adjusted to the world standard population, b)Includes the gallbladder and other/unspecified parts of the biliary tract.
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Table 3. Estimated cancer incidence by age group and sex during 2016 in Korea
Age group (yr)

Rank
Male
1
2
3
4
5
Female
1
2
3
4
5

0-14

15-34

35-64

≥ 65

Leukemia (5.0)
Non-Hodgkin lymphoma (2.6)
Brain and CNS (2.4)
Liver (0.5)
Thyroid (0.4)

Thyroid (23.5)
Colon and rectum (3.6)
Leukemia (3.4)
Non-Hodgkin lymphoma (3.3)
Stomach (2.0)

Stomach (98.7)
Colon and rectum (96.6)
Thyroid (70.1)
Liver (54.4)
Lung (41.9)

Lung (434.3)
Colon and rectum (425.6)
Stomach (418.8)
Prostate (303.5)
Liver (182.2)

Leukemia (4.0)
Brain and CNS (2.0)
Non-Hodgkin lymphoma (1.5)
Ovary (0.8)
Thyroid (0.7)

Thyroid (79.7)
Breast (12.0)
Cervix uteri (5.5)
Stomach (3.4)
Ovary (3.1)

Thyroid (216.8)
Breast (141.8)
Colon and rectum (53.2)
Stomach (42.5)
Lung (24.8)

Colon and rectum (214.6)
Stomach (152.0)
Lung (137.0)
Thyroid (93.3)
Breast (77.7)

CNS, central nervous system.

A
Stomach
Colon and rectum
Liver
Lung
Prostate

600
500
400
300
200
100

Stomach
Colon and rectum
Liver
Lung
Breast
Cervix uteri
Thyroid

400
350
300
250
200
150
100
50

0
Age group (yr)

9
10
-1
4
15
-1
9
20
-2
4
25
-2
30 9
-3
4
35
-3
40 9
-4
4
45
-4
50 9
-5
4
55
-5
9
60
-6
4
65
-6
9
70
-7
4
75
-7
9
80
-8
4
≥
85

4

5-

0-

4
59
10
-1
4
15
-1
9
20
-2
4
25
-2
30 9
-3
4
35
-3
40 9
-4
4
45
-4
50 9
-5
4
55
-5
9
60
-6
4
65
-6
9
70
-7
4
75
-7
80 9
-8
4
≥
85

0
0-

Age-specific rate per 100,000

700

B

450

Age-specific rate per 100,000

800

Age group (yr)

Fig. 2. Projected age-specific incidences of major cancers during 2016 in Korea. (A) Male. (B) Female.

burden, we attempted to project, the expected number of
new cancer cases and deaths in Korea for 2016. Linear regression models [6] were used to assess the time trends and projections. A simple linear or log-linear model of age-specific
rates provide a good fit to the data, and it gives accurate predictions over a short time span [7]. Based on observed cancer
incidence data from 1999 to 2013, a linear regression model
was fitted to the age-specific rates by 5-year age groups
against the observed years.
To predict the cancer incidence and mortality in 2016, we
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first performed a Joinpoint regression analysis on the data
available to detect the year when significant changes
occurred in cancer trends according to sex and cancer site. A
Joinpoint regression describes changes in data trends by connecting several different line segments on a log scale at “joinpoints.” This analysis was performed using the Joinpoint
software (ver. 4.0.1, http://surveillance.cancer.gov/joinpoint)
from the Surveillance Research Program of the US National
Cancer Institute [8]. We chose the number of joinpoints to
ensure that there would be at least five data points between
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Table 4. Estimated crude and age-standardized cancer mortality rates by sex during 2016 in Korea
Crude mortality rate
per 100,000

Site
All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladderb)
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri
Ovary
Prostate
Testis
Kidney
Bladder
Brain and CNS
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and ill defined

Age-standardized mortality rate
per 100,000a)

Both sexes

Male

Female

Both sexes

Male

Female

146.5
2.1
2.3
13.7
17.0
20.7
7.8
10.7
0.7
34.1
4.8
1.5
0.6
2.1
3.6
0.0
2.0
2.8
2.3
0.7
0.1
3.2
1.8
3.4
8.4

179.8
3.0
4.4
17.1
20.1
30.6
7.5
11.2
1.3
49.4
0.1
7.3
0.1
2.8
4.2
2.4
0.4
0.2
3.7
2.0
4.0
8.2

113.1
1.1
0.3
10.3
13.9
10.9
8.1
10.2
0.0
18.8
9.5
2.9
1.2
4.3
1.2
1.3
2.1
1.0
0.1
2.8
1.6
2.9
8.6

79.3
1.2
1.3
7.2
8.9
11.8
3.9
5.8
0.3
17.8
2.9
0.8
0.3
1.3
1.7
0.0
1.1
1.3
1.6
0.3
0.1
1.8
1.0
2.2
4.7

116.2
1.9
2.8
11.0
13.0
19.7
4.8
7.2
0.8
31.2
0.0
4.8
0.1
1.8
2.8
1.8
0.3
0.1
2.4
1.3
2.8
5.6

53.1
0.5
0.1
4.5
6.0
5.0
3.3
4.6
0.0
8.3
5.7
1.6
0.7
2.4
0.6
0.5
1.3
0.4
0.1
1.3
0.8
1.7
4.0

CNS, central nervous system. a)Age adjusted to the world standard population, b)Includes the gallbladder and other/unspecified parts of the biliary tract.

consecutive joinpoints. However, for thyroid cancer, which
has recently shown significant decreasing trends, we selected
three joinpoints, although the last segment had only three
data points.
We summarized the results by using crude rates (CRs) and
age-standardized rates (ASRs) of cancer incidence and mortality. ASRs were standardized using the world standard
population [9] and expressed as rates per 100,000 persons.

Results
1. Incidence
A total of 254,962 new cancer cases are anticipated in 2016

(Table 1, Fig. 1), with more male (n=131,224) than female
(n=123,738) cancer patients expected in the coming year.
The projected CRs per 100,000 of all sites combined in 2016
are projected to be 511.2 and 482.3 in men and women,
respectively. The projected ASRs per 100,000 of all sites combined are 340.0 and 298.8, respectively (Table 2). In men, the
five leading primary sites of cancer are expected to be the
colon and rectum (CR, 91.2; ASR, 59.6), stomach (CR, 91.0;
ASR, 59.0), lung (CR, 65.9; ASR, 42.3), liver (CR, 45.0; ASR,
29.1), and thyroid (CR, 43.7; ASR, 31.1), accounting for 65.9%
of all new cancers in 2016.
In women, the five leading primary sites are expected to
be the thyroid (CR, 133.5; ASR, 96.2), breast (CR, 79.3; ASR,
52.2), colon and rectum (CR, 56.8; ASR, 30.5), stomach (CR,
42.8; ASR, 23.5), and lung (CR, 31.8; ASR, 16.0), accounting
for 71.4% of all new cancers (Fig. 1). Thyroid cancer alone is
projected to account for approximately 27.7% (34,255 cases)
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Fig. 3. Projected age-specific mortality rates of major cancers during 2016 in Korea. (A) Male. (B) Female.

of incident cases in women in 2016.
The five most common cancer sites expected in 2016 by sex
and age group are shown in Table 3. Leukemia and thyroid
cancer are expected to be the most common types of cancer
in both genders for the 0-14 and 15-34 age groups. Stomach
cancer is predicted to be the most prevalent in men aged 3564 years, while lung cancer is expected to be more frequent
in men aged 65 and over. Thyroid cancer is predicted to be
the most common cancer in women 35-64 years of age,
whereas colorectal cancer is expected to be the most prevalent in women aged 65 and over. These projections indicate
that the incidences of stomach, lung, liver, colorectal, and
prostate cancers will increase gradually with age for men. In
women, the age-specific incidence rates of stomach, colorectal, liver, lung, and cervical cancers denote a rising trend in
these cancers with age; however, the incidence of breast and
thyroid cancer in women is expected to level off after the late
40s and early 50s, respectively (Fig. 2).
2. Mortality
It is estimated that 75,172 cancer deaths will occur in Korea
in 2016 (Table 1, Fig. 1). The projected CRs per 100,000 of all
sites combined in 2016 for men and women are projected to
be 179.8 and 113.1, respectively, whereas the projected ASRs
per 100,000 of all sites combined are expected to be 116.2 and
53.1, respectively (Table 4). The predicted five leading cancer
sites causing mortality in men are predicted to be lung (CR,
49.4; ASR, 31.2), liver (CR, 30.6; ASR, 19.7), colon and rectum
(CR, 20.1; ASR, 13.0), stomach (CR, 17.1; ASR, 11.0), and pan-
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creas (CR, 11.2; ASR, 7.2). During the same period, lung cancer (CR, 18.8; ASR, 8.3) is projected to be the leading cancer
site in women, causing mortality, followed by the colon and
rectum (CR,13.9; ASR, 6.0), liver (CR, 10.9; ASR, 5.0), stomach
(CR, 10.3; ASR, 4.5), and pancreas (CR, 10.2; ASR, 4.6).
The predicted age-specific mortality rates of the selected
cancers for males and females in 2016 are shown in further
detail in Fig 3. When examined by age, Korean men and
women aged 60 and over are expected to have the highest
mortality rates from lung cancer.

Conclusion
A total of 254,962 new cancer cases and 74,096 cancer
deaths are expected to occur in Korea during 2016. The colorectal cancer is predicted to the most common cancer
among male for the first time, followed by stomach, lung,
liver, and thyroid cancers. Lung, liver, colorectal, stomach,
and pancreatic cancers are expected to be the most common
causes of cancer deaths among men. In women, the five leading primary sites are expected to be the thyroid, breast, colorectal, stomach, and lung cancers are anticipated to be the
most prevalent, while lung, colorectal, liver, stomach, and
pancreatic cancers are projected to be the most common
causes of cancer-related deaths.
Cancer is currently one of the foremost public health concerns in Korea. Although cancer rates are anticipated to

Kyu-Won Jung, Cancer Incidence and Mortality in Korea, 2016

decrease somewhat, but cancer burden will continue to
increase with the aging of its population. The current projections of cancer incidence and mortality for 2016 represent an
important resource for planning and evaluating cancer-control programs. As the estimates in this study are modelbased, these results should be interpreted with caution.
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Purpose
We recently reported on a randomized, open-label, phase 3 trial comparing pemetrexedcisplatin chemotherapy followed by gefitinib maintenance therapy (PC/G) with gefitinib
monotherapy in patients with non-small cell lung cancer (NSCLC). Here, we report on a post
hoc subgroup analysis of that study assessing the demographics and disposition of the
Korean patient subgroup, and comparing the tolerability of PC/G and gefitinib monotherapy
and the tumor response with respect to epidermal growth factor receptor (EGFR) status.
Materials and Methods
Patients, who were ! 18 years, chemonaïve, Korean, light ex-smokers/never-smokers with
advanced NSCLC, were randomly assigned (1:1) to PC/G or gefitinib monotherapy. Treatment-emergent adverse events (TEAEs) were graded, and tumor response was measured
as change in lesion sum from baseline at best response. The study was registered with ClinicalTrials.gov, NCT01017874.
Results
Overall, 111 Korean patients were treated (PC/G, 51; gefitinib, 60). Between-arm characteristics were balanced and similar to those of the overall population. Treatment discontinuations due to adverse events were low (PC/G: 1, 2.0%; gefitinib: 7, 11.7%). Overall, 92
patients (82.9%) reported ! 1 TEAE (PC/G, 44; gefitinib, 48); few patients (PC/G, 16; gefitinib, 7) reported severe TEAEs; the most frequent was neutropenia (PC/G arm) and elevated
alanine aminotransferase (gefitinib arm). The lesion sum was decreased by PC/G treatment
in most patients, regardless of EGFR mutation status, while gefitinib monotherapy reduced
the lesion sum in EGFR-positive patients but had no effect in EGFR-negative patients.
Conclusion
Our results confirm that both PC/G and gefitinib were well tolerated in Korean patients,
regardless of EGFR status; however, patients with EGFR wild-type NSCLC may not benefit
from gefitinib monotherapy.
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Carcinoma, Non-small-cell lung carcinoma,
Epidermal growth factor receptor, Korea, Gefitinib, Pemetrexed
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Introduction
Lung cancer is the main cause of cancer-related deaths in
East Asia, accounting for one in four of all cancer-related
deaths [1]. In Korea, an estimated 16,990 deaths in 2014 were
caused by lung cancer, accounting for 22.7% of all cancerrelated deaths [2]. The current first-line standard of care for
advanced non-small cell lung cancer (NSCLC) is platinumbased doublet chemotherapy [3], although inhibitors of the
epidermal growth factor receptor (EGFR) tyrosine kinase,
such as gefitinib, are recommended in patients harboring
activating EGFR mutations [4-6]. The phase 3 Iressa Pan-Asia
Study (IPASS), which compared gefitinib monotherapy with
combination chemotherapy as first-line therapy in East Asian
patients, reported significantly longer progression-free survival (PFS) in patients who had EGFR mutations and were
treated with gefitinib [7]. A subsequent phase 2 trial, in
which combination chemotherapy followed by gefitinib or
pemetrexed maintenance therapy was administered in East
Asian patients with unknown EGFR status, reported longer
PFS in patients receiving gefitinib than those receiving pemetrexed [8]. These findings may be attributed to the high frequency of EGFR mutations in East Asian patients with
NSCLC [5,7,8].
The current randomized, open-label, phase 3 trial was
designed for comparison of pemetrexed-cisplatin (PC) doublet chemotherapy followed by gefitinib maintenance therapy (PC/G) with gefitinib monotherapy in East Asian
patients with NSCLC and unknown EGFR mutation status
[9]. In the overall study population, there was no significant
difference in PFS between treatment arms [9]. However,
treatment response may differ in patients from various
regions of East Asia or those with EGFR mutations that were
not evident from the primary analysis. To further assess
potential differences in treatment response in the East Asian
population, we conducted a post hoc descriptive subgroup
analysis of Korean patients from this phase 3 trial. The
Korean subgroup comprised the largest proportion of
patients in the original study. The aims of the subgroup
analysis were to assess demographics and disposition of the
Korean patients randomized in the study, compare the tolerability of PC/G therapy with gefitinib monotherapy in this
subgroup, and assess the tumor response with respect to
EGFR status for each treatment arm.

Materials and Methods
This study was a post hoc subgroup analysis of data from a
randomized, open-label, phase 3 clinical trial (NCT0101

7874). Findings for the primary objective, which was to compare PFS in patients treated with PC/G with those treated
with gefitinib monotherapy, were reported previously by
Yang et al. [9]. The study was conducted in accordance with
Good Clinical Practice guidelines and the Declaration of
Helsinki; all patients provided informed consent. Patient
eligibility criteria included age " 18 years, chemonaïve, East
Asian, and light ex-smokers/never-smokers with advanced
NSCLC. Patients were assigned (1:1) to receive either PC/G
therapy (PC [P, 500 mg/m2; C, 75 mg/m2] for six 21-day
induction cycles, then gefitinib [250 mg/day] maintenance
therapy) or gefitinib monotherapy (G [250 mg/day], administered until progression, discontinuation, or death). Treatment-emergent adverse events (TEAEs; possibly drug-related) and serious adverse events were classified according to
MedDRA (ver. 15.1) and graded. Safety analyses were performed on the safety population, which included all patients
who received " 1 dose of the study drug. Tumor response,
conducted on the tumor response-qualified population
(patients with lesion measurements taken at baseline and at
least 1 other time point), was measured as change in lesion
sum from baseline at best response. Change in lesion sum
was determined as the change from baseline in the sum of
the largest diameter of each lesion (up to a maximum of 10
lesions per patient). Analysis of patient tissue was performed
retrospectively for EGFR mutations.

Results
1. Patient disposition
A total of 253 patients were enrolled in the phase 3 study,
120 of whom were enrolled in Korea (Fig. 1). Of the 120
Korean patients enrolled in the study, 114 patients were randomly assigned to treatment: 54 patients were assigned to
PC/G (3 of whom were not treated); 60 patients were
assigned gefitinib monotherapy. Thirty-three patients in the
PC/G arm received gefitinib maintenance therapy and 28
patients in the gefitinib arm received more than six cycles of
treatment.
2. Patient demographics
Baseline patient demographics were balanced between
arms and similar to those reported for the overall study population (Table 1) [9]. All Korean patients had adenocarcinoma, most were never-smokers (93.9%), had stage IV
disease (91.2%), and had a Eastern Cooperative Oncology
Group (ECOG) performance status of 1 (57.0%) (Table 1).
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Patients entered (n=120)
Patients entered but not
randomized (n=6)
Patients randomized (n=114)

Patients allocated to
PC/G (n=54)

Patients allocated to
gefitinib (n=60)

Patients not receiving
PC/G (n=3)

Patients not receiving
gefitinib (n=0)
Patients received
PC/G (n=51)

Patients received
gefitinib (n=60)

Patients discontinued
PC/G (n=41)

Patients discontinued
gefitinib (n=44)

Patients included in efficacy (n=54)
and safety (n=51) analyses

Patients included in efficacy (n=60)
and safety (n=60) analyses

Fig. 1. Disposition of Korean patients with non-small cell lung cancer treated with PC/G or gefitinib monotherapy. PC/G,
pemetrexed-cisplatin/gefitinib.

Table 1. Baseline patient demographics for the Korean patient subgroup
Sex
Male
Female
Age (yr)
Mean (range)
< 65
" 65
Smoking status
Never-smoker
Light ex-smoker
Stage of disease
IIIB
IV
ECOG performance status
0
1
EGFR mutation status
Patients who provided samples
EGFR mutated
EGFR not mutated
EGFR unknown

PC/G (n=54)

Gefitinib (n=60)

Total (n=114)

p-value

10 (18.5)
44 (81.5)

13 (21.7)
47 (78.3)

23 (20.2)
91 (79.8)

0.816

59.43 (30.7-80.7)
35 (64.8)
19 (35.2)

62.16 (30.5-79.2)
36 (60.0)
24 (40.0)

60.87 (30.5-80.7)
71 (62.3)
43 (37.7)

0.161
0.699

52 (96.3)
2 (3.7)

55 (91.7)
5 (8.3)

107 (93.9)
7 (6.1)

0.443

4 (7.4)
50 (92.6)

6 (10.0)
54 (90.0)

10 (8.8)
104 (91.2)

0.746

24 (44.4)
30 (55.6)

25 (41.7)
35 (58.3)

49 (43.0)
65 (57.0)

0.850

20 (37.0)
4 (7.4)
3 (5.6)
13 (24.1)

20 (33.3)
8 (13.3)
5 (8.3)
7 (11.7)

40 (35.1)
12 (10.5)
8 (7.0)
20 (17.5)

-

Values are presented as number (%) unless otherwise indicated. PC/G, pemetrexed-cisplatin/gefitinib; ECOG, Eastern
Cooperative Oncology Group; EGFR, epidermal growth factor receptor.
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Table 2. Adverse events reported in at least 5% of Korean patients in either treatment arm during the induction phase of
treatment
Pemetrexed plus cisplatin (n=51)
Patients with ! 1 TEAE
Hematologic
Neutrophils/granulocytes
Non-hematologic
ALT
AST
Anorexia
Constipation
Diarrhoea
Dry skin
Fatiguea)
Hair loss
Hemorrhagea)
Mucositisa)
Nausea
Neuropathy, sensory
Paina)
Pruritus, itching
Skin rasha)
Vomiting

Gefitinib (n=60)

Grades 1-2

Grades 3-4

Grades 1-2

Grades 3-4

30 (58.8)

13 (25.5)

41 (68.3)

7 (11.7)

5 (9.8)

9 (17.6)

0(
0(
15 (29.4)
4 (7.8)
6 (11.8)
0(
3 (5.9)
5 (9.8)
3 (5.9)
1 (2.0)
24 (47.1)
9 (17.6)
6 (11.8)
5 (9.8)
3 (5.9)
11 (21.6)

1 (2.0)
0(
1 (2.0)
0(
0(
0(
1 (2.0)
0(
0(
0(
2 (3.9)
0(
0(
0(
0(
3 (5.9)

0(

0(

4 (6.7)
5 (8.3)
3 (5.0)
0(
12 (20.0)
8 (13.3)
6 (10.0)
2 (3.3)
2 (3.3)
6 (10.0)
4 (6.7)
2 (3.3)
2 (3.3)
18 (30.0)
31 (51.7)
0(

3 (5.0)
2 (3.3)
0(
0(
2 (3.3)
0(
0(
0(
0(
0(
0(
0(
1 (1.7)
0(
1 (1.7)
0(

Values are presented as number (%). ALT, alanine aminotransferase; AST, aspartate transaminase; TEAE, treatment-emergent
adverse event. Events are maximum grade per National Cancer Institute–Common Terminology Criteria for Adverse Events
(NCI-CTCAE, ver. 3.0). a)Fatigue, hemorrhage, mucositis, pain, and skin rash are combined from some specific CTCAE terms.

3. Treatment duration
The median number of treatment cycles completed overall
was 7.0 and 6.0 for PC/G and gefitinib monotherapy, respectively. The median number of treatment cycles was 6.0 for
both treatment arms during the induction period, and 4.0
and 7.5 for PC/G and gefitinib monotherapy, respectively,
during the maintenance period.
4. Response to therapy by EGFR status
The change in lesion sum from baseline was calculable for
47 patients in the PC/G arm and 53 patients in the gefitinib
arm. Lesion sum was reduced by treatment with PC/G in
the majority of Korean patients with NSCLC, regardless of
EGFR mutation status (Figs. 2A and 3A). In this selected population, lesion sum was reduced by gefitinib monotherapy
in the subgroup of Korean patients who were confirmed as
EGFR positive (n=8) (Figs. 2B and 3B). In contrast, gefitinib
monotherapy had no positive effect on lesion sum in the sub-

group of Korean patients who were EGFR negative (n=3)
(Figs. 2B and 3B).
5. Adverse events
Overall, 92 of 111 patients (82.9%) reported at least 1 TEAE
during treatment. Treatment discontinuation due to adverse
events (AEs) was low (PC/G, 1/51 [2.0%]; gefitinib, 7/60
[11.7%]). Few patients (PC/G, 16/51 [31.4%]; gefitinib, 7/60
[11.7%]) reported severe (grades 3-4) TEAEs during the overall treatment period; the most frequent was neutropenia in
the PC/G treatment arm and elevated alanine aminotransferase in the gefitinib treatment arm. No patients reported
grade 5 TEAEs (Table 2).
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Fig. 2. Waterfall plots of percent change in lesion sum from baseline at best response by epidermal growth factor receptor
(EGFR) status in Korean patients treated with pemetrexed-cisplatin/gefitinib (A) and gefitinib monotherapy (B).
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Fig. 3. Spider plots of percent change in lesion sum from baseline at best response by epidermal growth factor receptor
(EGFR) status in Korean patients treated with pemetrexed-cisplatin/gefitinib (A) and gefitinib monotherapy (B).
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Conclusion
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A Phase II Study of Weekly Paclitaxel Plus Gemcitabine as a
Second-Line Therapy in Patients with Metastatic or Recurrent Small
Cell Lung Cancer
Purpose
Paclitaxel (P) and gemcitabine (G) are clinically synergistic in small cell lung cancer (SCLC).
We evaluated the efficacy of PG as a salvage treatment for SCLC patients whose disease
progressed after a platinum-containing regimen.

Tak Yun, MD1
Heung Tae Kim, MD, PhD1
Ji-Youn Han, MD1
Sung Jin Yoon, RN1
Hyae Young Kim, MD1
Byung-Ho Nam, PhD2
Jin Soo Lee, MD1

Materials and Methods
Eligibility included histologically confirmed SCLC, one dimensionally measurable disease,
Eastern Cooperative Oncology Group performance status 0-2, and progressive disease after
platinum-based chemotherapy. Treatment consisted of P (80 mg/m2) and G (1,000 mg/m2)
on days 1 and 8 of each cycle of 21 days until disease progression.
Results
Thirty-three patients seen between December 2005 and February 2009 were selected into
this study. Thirty patients (91%) had received irinotecan-platinum, and three had received
etoposide-platinum. Sixteen patients (49%) had a treatment-free interval of less than 3
months. The overall response rate was 30.3% (29.4% in sensitive relapse and 31.3% in
refractory relapse). The median time to progression was 12.0 weeks and median overall
survival (OS) 31.0 weeks, with a 1-year OS rate of 30.3%. Toxicities were moderate and
manageable with 18.2% grade (G) 4 neutropenia, 24.2% G3 thrombocytopenia, 6.1% G3
sensory neuropathy, and 3% G3 asthenia. One patient developed febrile neutropenia.
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Conclusion
Second-line paclitaxel and gemcitabine were well-tolerated and moderately active in SCLC
patients previously treated with platinum-based chemotherapy.

Introduction
Most patients with small cell lung cancer (SCLC) relapse
within a year of initial therapy, and many are candidates for
second-line treatment. Although many patients are in excellent physical condition at the time of relapse, few drugs or
drug combinations are capable of achieving tumor regression
in this setting. Patients with sensitive relapse may respond
to a number of agents including topotecan, irinotecan,
│ http://www.e-crt.org │

Key words
Second-line, Paclitaxel, Gemcitabine, Small cell lung carcinoma

vinorelbine, paclitaxel, and gemcitabine [1-4]. Topotecan is
the best-documented second-line therapy for previouslytreated SCLC, although treatment outcomes have been
disappointing. Topotecan produces an 18% response in
patients with sensitive relapse, and in refractory patients, the
response is less than 10% [5,6]. A topotecan/cisplatin doublet
showed a higher response rate in patients with sensitive
relapse although median survival times were similar to those
obtained with topotecan alone [7]. For some patients with
sensitive relapse, re-induction with the same regimen or
Copyright ⓒ 2016 by the Korean Cancer Association
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topotecan might be considered, but for patients with refractory relapse, no regimen is a standard option. Thus, patients
with good performance status are candidates for clinical
trials for further treatment.
As a single agent, paclitaxel produces a response rate of
27% in SCLC patients with sensitive relapse and a response
rate of 20% in those with refractory relapse [8]. Gemcitabine
has a response rate of 16% in SCLC patients with sensitive
relapse and a response rate of 6%-13% in those with resistant
relapse [4,9]. Because of their single-agent activity, different
mechanism of action, non-overlapping toxicities, in vitro
synergy, and beneficial pharmacologic interaction, the use of
a combination of paclitaxel and gemcitabine is an attractive
option [10,11]. Paclitaxel significantly decreases the systemic
clearance and volume of distribution of gemcitabine, and
significantly increased steady-state concentrations of gemcitabine. Interpatient and intrapatient variability in gemcitabine pharmacokinetics was not observed when gemcitabine was administered in combination with paclitaxel in
non-small cell lung cancer (NSCLC) patients [11]. Some
phase II trials of first-line gemcitabine plus paclitaxel in
NSCLC patients showed encouraging response rates of 41%53% [12-14]. These combination chemotherapies, in which
paclitaxel was administered every 3 weeks, were associated
with substantial toxicity, and grade 3-4 neutropenia developed in 70%-80% of patients. Weekly paclitaxel treatment has
an efficacy comparable to that of the every-3-weekly paclitaxel but with less myelosuppression and neurotoxicity.
Based on these studies, we selected a combination of
weekly paclitaxel (80 mg/m2) and gemcitabine (1,000
mg/m2) and conducted a phase II study to evaluate the
efficacy and safety of this combination in patients with
SCLC who have relapsed or failed to respond to first-line
platinum-based therapy.

Materials and Methods

was allowed); (4) have had a minimum of 28 days since any
prior chemotherapy or radiation before study entry; and (5)
have adequate bone marrow, hepatic, and renal functions,
defined as a white blood cell count " 3,500/mm3, absolute
neutrophil count (ANC) " 1,500/mm3, platelets " 100,000/mm3,
alanine aminotransferase or aspartate aminotransferase
# 2.5 times the upper normal limit, serum bilirubin < 1.5 times
the upper normal limit, and serum creatinine # 1.5 mg/dL.
Patients were excluded if there was severe comorbidity such
as a myocardial infarction within the preceding six months,
symptomatic heart disease (including unstable angina, congestive heart failure, or uncontrolled arrhythmia), or serious
concomitant infection, including post obstructive pneumonia. The presence of central nervous system (CNS) metastases, however, was not an exclusion criterion, provided that
CNS symptoms were absent or sufficiently minor to be wellcontrolled with corticosteroids. Written informed consent
approved by the Institutional Review Board of the National
Cancer Center was obtained from all patients prior to entering the study. The study followed the Declaration of Helsinki
and good clinical practice guidelines. This study was registered with ClinicalTrials.gov (identifier: NCT00453167).
2. Assessment
A complete history and physical examination, including
documentation of concomitant medications and performance
status, standard laboratory studies, and an electrocardiogram, was performed within 14 days prior to study entry.
Chest X-ray, computed tomography scans of the chest
including the upper abdomen, magnetic resonance imaging
of the brain, and a radionuclide bone scan were performed
within 4 weeks prior to study entry. Complete blood cell
counts and chemistry were performed on days 1 and 8 of
each cycle. Objective tumor response was assessed every two
cycles according to the RECIST criteria [15]. Toxicity was
graded by the National Cancer Institute Common Toxicity
Criteria ver. 3.0.
3. Treatment

1. Eligibility criteria
Eligibility in the study required histologically- or cytologically-confirmed SCLC that progressed during or after firstline chemotherapy or chemoradiotherapy. Patients needed
to have measurable disease according to the Response Evaluation Criteria in Solid Tumors (RECIST) [15]. Additional
criteria were as follows: patients must (1) be at least 18 years
old; (2) have an Eastern Cooperative Oncology Group
performance status (ECOG PS) of 0 to 2; (3) have not had
prior radiotherapy on measurable lesions (but previous
surgery and/or chest radiotherapy for the primary lesion
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Paclitaxel (Padexol, Seoul, Korea) and gemcitabine (Geroam, Seoul, Korea) were administered to patients. Treatment
consisted of 80 mg/m2 paclitaxel and 1,000 mg/m2 gemcitabine by intravenous infusion on days 1 and 8 every 3
weeks until disease progression. Paclitaxel was given first as
a 60-minute intravenous infusion, immediately followed by
a 30-minute gemcitabine intravenously. Premedication
consisted of dexamethasone (10-20 mg intravenously), pheniramine maleate (45.5 mg intravenously), and famotidine (20
mg intravenously) before paclitaxel infusion. Granisetron
(3 mg) was given intravenously before paclitaxel infusion.

Tak Yun, Second-Line PG in SCLC

During the course of chemotherapy, paclitaxel doses were
decreased by 15 mg/m2 for grade 4 hematologic toxicities or
grade 3 or 4 non-hematologic toxicities. Gemcitabine doses
were decreased by 20% for grade 4 hematologic toxicities or
grade 3 or 4 non-hematologic toxicities. The dose reduction
was maintained in the subsequent cycles.
4. Statistical analysis
The primary objective of this study was to estimate the
overall response rate of paclitaxel and gemcitabine as second-line chemotherapy in patients with metastatic or recurrent SCLC. The secondary objectives were to estimate the
time to progression (TTP) and overall survival (OS). Simon’s
minimax two-stage design was used to determine the sample
size [16]. The undesirable response rate was 20% and the
desirable expected response rate was 40%. With 80% power
and a 5% one-sided type I error, 18 patients were needed in
the first stage, and 33 patients were needed in total. At the
first stage, if there were five or fewer responses out of the
initial 18 patients, the study would conclude that the anticipated response rate is less than 20% and would terminate.
Otherwise, accrual would continue to a full sample of 33
assessable patients. At the second stage, at least 11 objective
responses among 33 patients were required for this regimen
to be regarded as worthy of further investigation. The
response rate of the treatment was calculated as the ratio of
the number of complete and partial responders to the total
number of evaluable patients. A 95% confidence interval for
the response rate was computed based on the binomial
distribution function. The toxicity profile was estimated as
the ratio of the number of occurrence to the total number of
evaluable patients. The TTP and OS were estimated by the
Kaplan-Meier method. The OS was defined as the period of
time from the first day of treatment to death from any cause.
Patients still alive were censored at the last day on which
they were known to be alive. The TTP was defined from the
first day of treatment to the date that disease progression was
assessed. The duration of response for all responders was
defined as the period of time from the date of the first
response, i.e., either partial response or complete response
(whichever occurred first), to the date of disease progression.

Results
1. Patient characteristics
Between December 2005 and February 2009, 33 patients
were prospectively enrolled. Patient characteristics are

shown in Table 1. The median age was 65 years (range, 38 to
77 years). Thirty patients (91%) were men, and 32 patients
(97%) had an ECOG PS of 0 or 1. Three patients (9%) had
never smoked. Twenty-three patients (70%) had extensive
disease at diagnosis. All patients received platinum doublets.
Thirty patients (91%) received irinotecan-platinum and three
patients received etoposide-platinum. As a prior therapy,
23 patients received chemotherapy alone, and 10 patients
received chemoradiation. Among the chemotherapy-only
group, all 23 patients received irinotecan-platinum chemotherapy. Among the 10 patients treated with chemoradiation,
seven patients received irinotecan-platinum, and three
patients received etoposide-platinum. Sensitive relapse was
defined as a chemotherapy-free interval of 3 months or
greater, and refractory relapse was defined as no response to
initial therapy or progression within 3 months after initial
therapy. Sixteen patients (49%) had a refractory relapse.
2. Treatment exposure
The median number of cycles administered was three
(range, 1 to 12 cycles), and 10 patients completed six cycles
of chemotherapy. Over 133 cycles, delayed chemotherapy
administration occurred in 44 cycles (33%), and dose reduction occurred in 22 cycles (16%). The most common cause for
the delay in chemotherapy administration was either holiday
(23 cycles) or neutropenia (19 cycles). Twenty-two cycles
required dose reduction, mainly because of neutropenia
(18 cycles), thrombocytopenia (3 cycles), and pneumonia
(1 cycle). The average relative dose intensity was 86.4% for
paclitaxel and 85.4% for gemcitabine.
3. Efficacy
No complete response (CR) was observed. Ten patients
achieved partial response (PR). The overall response rate was
29.4% in sensitive relapse and 31.3% in refractory relapse
(Table 2). All patients were tracked until death. The median
TTP was 12.0 weeks (95% confidence interval [CI], 7.57 to
16.44), the median OS was 31.0 weeks (95% CI, 23.44 to
38.56), and the 1-year OS rate was 30.3% (95% CI, 14.6 to 46.0)
(Fig. 1). No pretreatment characteristic, including sex (male
vs. female), ECOG PS (0 vs. 1-2), stage at diagnosis (limited
vs. extensive), smoking history (never vs. ever), prior treatment (chemotherapy only, concurrent chemoradiotherapy
vs. chemotherapy followed by radiotherapy), best response
of any prior treatment (PR vs. non-PR), treatment-free interval (< 3 months vs. 3-6 months vs. " 6 months), was predictive of tumor response (Table 3). Twenty patients received
salvage chemotherapy after disease progression on PG
chemotherapy. The salvage treatments included cyclophosphamide-adriamycin-vincristine (6 patients), adriamycinVOLUME 48 NUMBER 2 APRIL 2016
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Table 1. Patient characteristics

(2 patients), adriamycin-ifosfamide (1 patient), and pemetrexed (1 patient).

No. of patients(%)
(n=33)

Characteristic
Sex
Male
Female
Age, median (range, yr)
ECOG PS
0
1
2
Stage (at enrollment)
Recurrence
Metastatic
Smoking history
Never
Former
Current
Prior treated anticancer therapy
Chemotherapy only
CCRT
Chemo!RT
Prior chemotherapy
Irinotecan/platinum
Etoposide/platinum
Best response of prior treatments
PR+CR
SD
PD
Chemotherapy-free interval (mo)a)
#3
>3

4. Toxicity

30 (90.9)
3 (9.1)
65 (38-77)

All patients (n=33) who received at least one cycle of therapy were assessable for toxicity. Toxicity was reported as the
maximum toxicity experienced during entire study treatment, rather than just during the first cycle. Hematologic and
non-hematologic toxicities observed over the entire course
of the study are summarized in Table 4. Overall toxicities
were moderate and manageable. The most common grade
(G) 3 or 4 toxicity was myelosuppression. G4 neutropenia
was observed in 18.2% of patients and G3 thrombocytopenia
was observed in 24.2% of patients. Only one patient developed febrile neutropenia. Another patient died of pneumonia during the third cycle, but G1 neutropenia was present
(ANC, 1,219/µL). G3 sensory neuropathy developed in two
patients, and their chemotherapy was stopped. One patient
developed G3 neuropathy after the sixth cycle. Another
patient developed G3 neuropathy after the first cycle, but
recovered completely in 3 months. One patient developed
G3 asthenia after the second cycle, but PD was confirmed.

6 (18.2)
26 (78.8)
1 (3.0)
25 (75.8)
8 (24.2)
3 (9.1)
8 (24.2)
22 (66.7)
23 (69.7)
7 (21.2)
3 (9.1)
30 (90.9)
3 (9.1)
27+2 (87.8)
2 (6.1)
2 (6.1)

Discussion

16 (48.5)
17 (51.5)

CCRT, concurrent chemoradiotherapy; RT, radiotherapy;
PR, partial response; CR, complete response; SD, stable
disease; PD, progressive disease. a)Chemotherapy-free
interval: from the last date of prior chemotherapy to start
date of paclitaxel-gemcitabine.

ifosfamide-vincristine (5 patients), etoposide-cisplatin
(3 patients), irinotecan-cisplatin (2 patients), oral etoposide

This study was a single-arm phase II study to evaluate the
efficacy of paclitaxel plus gemcitabine in patients with SCLC
that progressed or failed to respond to platinum-based
chemotherapy. Historically, the median OS is only 14 weeks
if no active therapy is given other than best supportive care
(BSC) after first-line chemotherapy [17]. Second-line
chemotherapy increased OS and resulted in better symptom
control compared with BSC [17]. The strongest predictor of
outcome for patients with relapsed SCLC is the duration
of remission. Patients with sensitive disease respond to the
same initial therapy in approximately 50% of cases. The
median OS from the start of a second-line therapy is approximately 6 months. In patients with refractory disease,

Table 2. Tumor response
PR
SD
PD

Sensitive relapse > 3 mo (n=17)

Refractory relapse " 3 mo (n=16)

Total (n=33)

5 (29.4)
5 (29.4)
7 (41.2)

5 (31.3)
3 (18.7)
8 (50.0)

10 (30.3)
8 (24.2)
15 (45.5)

Values are presented as number (%). PR, partial response; SD, stable disease; PD, progressive disease.
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Fig. 1. Progression-free survival (PFS) and overall
survival (OS).

response rates to second-line therapy are less than 10%, and
the median OS from the start of a second-line therapy is 4
months. Response rates to combination chemotherapy are
higher than those to a single agent; however, the reported
response rates are variable, reflecting the population heterogeneity [18].
Our study began in 2005, and a similar study's report was
published in 2006. They showed that weekly paclitaxel and
gemcitabine treatment were moderately active in SCLC
patients pretreated with platinum and etoposide [19]. Paclitaxel (80 mg/m2) was given on days 1, 8, and 15, and gemcitabine (1,000 mg/m2) was given on days 1 and 8 every 3
weeks. Of these patients, 32% had refractory disease, and the
objective response rate was 26%, including 20% in patients
with refractory SCLC and 28.6% in patients with sensitive
SCLC. The response rate was only slightly higher in patients
with sensitive relapse than in those with refractory relapse,
indicating that the regimen may be more useful in the former
group. Predictive of response to second-line chemotherapy
were the interval between the completion of induction and
relapse, the extent of tumor regression achieved with the
induction regimen, and the composition of the induction
program. In the current study, the patient population was
different from that previous study. Platinum plus irinotecan
has been the standard first-line chemotherapy for SCLC at
the National Cancer Center in Korea since 2002, when the
Japanese Cooperative Oncology Group showed that irinote-

can plus cisplatin was superior to etoposide plus cisplatin in
terms of response rate, progression-free survival (PFS), and
OS [20]. In this study, 30 patients (91%) received irinotecan
plus platinum and three patients received etoposide plus
platinum. Sixteen patients (49%) had refractory relapse.
Given the refractory nature of the disease, the overall
response rate of 30.3% in the current study is remarkable,
although we set our initial target response rate to be 40%.
Our study design required at least 11 objective responses
among 33 patients for this regimen to be regarded as worthy
of further investigation; 10 patients achieved PR. We
observed similar response rates in both groups (29.4% in
sensitive relapse and 31.3% in refractory relapse). These
results suggest that this regimen may work in both groups.
Also, high activity in patients with refractory disease may
reflect a lack of adverse effects of prior treatment with
irinotecan/platinum on the antitumor activity of paclitaxel/gemcitabine, which suggests a lack of cross-resistance
between paclitaxel/gemcitabine and irinotecan/platinum. A
recent randomized phase 3 trial of amrubicin versus topotecan as second-line treatment [21] reported a median OS of
7.5 months with amrubicin versus 7.8 months with topotecan; in refractory patients, median OS was 6.2 and 5.7
months, respectively. Median PFS was 4.1 months with
amrubicin and 3.5 months with topotecan. Overall response
rate was 31.1% with amrubicin and 16.9% with topotecan
[21]. In this study, although amrubicin did not improve survival when compared with topotecan in the second-line
treatment of patients with SCLC, OS did not differ significantly between treatment groups and improvement in OS
was noted in patients with refractory disease treated with
amrubicin. Although direct comparison of phase 2 data with
phase 3 data is not reasonable, the weekly paclitaxel/gemcitabine regimen in the current study showed efficacy comparable to amrubicin and topotecan.
Because second-line chemotherapy in SCLC patients is
only palliative, we have to consider quality of life, toxicity,
and cost. In the second-line setting, all patients had already
received platinum doublets, and thus, we had to consider
cumulative toxic effects. A randomized phase III trial comparing oral topotecan (2.3 mg/m2/day for 5 days every 21
days) to intravenous topotecan (1.5 mg/m2/day for 5 days
every 21 days), found reasonable response rates (18.3% vs.
21.9%) [22]. However, G4 neutropenia was common (47% vs.
64.2%), and diarrhea of all grades was observed (35.9% vs.
19.9%). A study of second-line weekly paclitaxel and gemcitabine showed G3-4 asthenia in 13% of patients [19]. The
average relative dose intensity was 72% for paclitaxel and
83% for gemcitabine. In the current study, the dose intensity
was 86.4% for paclitaxel and 85.4% for gemcitabine, and
treatment-related toxicity was observed considerably less
often (18.2% G4 neutropenia and 24.2% G3 thrombocytopeVOLUME 48 NUMBER 2 APRIL 2016
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Table 3. Tumor response by characteristics (n=33)
Characteristic
Sex
Male
Female
Age (yr)
ECOG PS
0
1-2
Stage (diagnosis)
Limited
Extensive
Stage (enrollment)
Recurrence
Metastatic
Smoking history
Never
Ever
Prior treated therapy
Chemo only
CCRT
Chemo!RT
Best response of any prior treatments
CR+PR
SD+PD
Chemotherapy-free interval (mo)a)
<3
"3

PR (n=10)

SD+PD (n=23)

p-value

9 (90.0)
1 (10.0)
66 (48-72)

21 (91.3)
2 (8.7)
64 (38-77)

> 0.999

3 (30.0)
7 (70.0)

3 (13.0)
20 (87.0)

0.137

3 (30.0)
7 (70.0)

7 (30.4)
16 (69.6)

> 0.999

8 (80.0)
2 (20.0)

17 (73.9)
6 (26.1)

> 0.999

1 (10.0)
9 (90.0)

2 (8.7)
21 (91.3)

> 0.999

6 (60.0)
3 (30.0)
1 (10.0)

16 (69.6)
5 (21.7)
2 (8.7)

0.845

10 (100)
0(

19 (82.6)
4 (17.4)

> 0.999

4 (40.0)
6 (60.0)

13 (56.5)
10 (43.5)

0.465

Values are presented as number (%) or median (range). PR, partial response; SD, stable disease; PD, progressive disease;
ECOG PS, Eastern Cooperative Oncology Group performance status; CCRT, concurrent chemoradiotherapy; RT, radiotherapy; CR, complete response. a)Chemotherapy-free interval: from the last date of prior chemotherapy to start date of paclitaxel-gemcitabine.

nia). Aside from myelosuppression, G3 non-hematologic
toxicities were rare, and most of them were manageable with
good compliance.
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Table 4. Hematologic and non-hematologic toxicity (NCI-CTC grade 3.0) (n=33)
Toxicity
Hematologic
Leukocytopenia
Neutropenia
Anemia
Thrombocytopenia
Non-hematologic
Neurology
Neuropathy
Insomnia
GI
Stomatitis
Anorexia
Nausea/vomiting
Constipation
Diarrhea
Hepatic
AST
ALT
Bilirubin
Renal
Creatinine
Dermatology
Alopecia
Rash
Itching
Others
Asthenia
Myalgia
Edema
Infection
Febrile neutropenia
Fever
Pneumonitis

NCI-CTC grade
0

1

2

3

4

0(
3 (9.1)
0(
4 (12.1)

8 (25.8)
3 (9.1)
6 (18.2)
14 (42.4)

14 (42.4)
7 (21.2)
21 (63.6)
7 (21.2)

7 (21.2)
14 (42.4)
6 (18.2)
8 (24.2)

2 (6.1)
6 (18.2)
0(
0(

0(
0(
0(
0(

9 (27.3)
31 (93.9)

14 (42.4)
2 (6.1)

8 (24.2)
0(

2 (6.1)
0(

0(
0(

0(
0(

15 (45.5)
8 (24.2)
21 (63.6)
26 (78.8)
24 (72.7)

15 (15.5)
21 (63.63)
12 (36.4)
5 (15.2)
7 (21.2)

3 (9.1)
4 (12.1)
0(
2 (6.1)
2 (6.1)

0(
0(
0(
0(
0(

0(
0(
0(
0(
0(

0(
0(
0(
0(
0(

20 (60.6)
13 (87.9)
29 (87.9)

9 (27.3)
18 (54.5)
3 (9.1)

3 (9.1)
2 (6.1)
1 (3.0)

1 (3.0)
0(
0(

0(
0(
0(

0(
0(
0(

2 (6.1)

0(

0(

0(

23 (69.7)

8 (24.22)

5

4 (12.1)
30 (90.9)
27 (81.8)

12 (36.4)
3 (9.1)
3 (9.1)

17 (51.5)
0(
3 (9.1)

0(
0(
0(

0(
0(
0(

0(
0(
0(

9 (27.3)
11 (33.3)
31 (93.9)
31 (93.9)
32 (97.0)
26 (78.8)
31 (93.9)

15 (45.5)
12 (36.4)
2 (6.1)
0(
0(
5 (15.2)
0(

7 (21.2)
10 (30.3)
0(
1 (3.0)
0(
2 (6.1)
0(

1 (3.0)
0(
0(
0(
1 (3.0)
0(
2 (6.1)

0(
0(
0(
0(
0(
0(
0(

0(
0(
0(
1 (3.0)
0(
0(
0(

Values are presented as number (%). NCI-CTC, National Cancer Institute Common Toxicity Criteria; GI, gastrointestinal;
AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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Overexpression of SOX2 Is Associated with Better Overall Survival in
Squamous Cell Lung Cancer Patients Treated with
Adjuvant Radiotherapy
Purpose
The purpose of this study is to investigate the prognostic significance of SOX2 gene amplification and expression in patients with American Joint Committee on Cancer stage III lung
squamous cell carcinoma (SCC) who underwent surgery followed by adjuvant radiotherapy.
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Materials and Methods
Pathological specimens were obtained from 33 patients with stage III lung SCC treated with
surgery followed by adjuvant radiotherapy between 1996 and 2008. SOX2 gene amplification and protein expression were analyzed using fluorescent in situ hybridization and
immunohistochemistry, respectively. Patients were divided into two groups according to
their SOX2 gene amplification and protein expression status. Kaplan-Meier estimates and
a Cox proportional hazards model were used to identify the prognostic factors affecting
patient survival.
Results
The median follow-up period for surviving patients was 58 months (range, 5 to 102 months).
SOX2 gene amplification was observed in 22 patients and protein overexpression in 26
patients. SOX2 overexpression showed significant association with SOX2 gene amplification
(p=0.002). In multivariate analysis, SOX2 overexpression was a significant prognostic factor
for overall survival (OS) (hazard ratios [HR], 0.1; 95% confidence interval [CI], 0.002 to 0.5;
p=0.005) and disease-free survival (DFS) (HR, 0.15; 95% CI, 0.04 to 0.65; p=0.01). Age
(HR, 0.33; 95% CI, 0.11 to 0.98; p=0.046) and total radiation dose (HR, 0.13; 95% CI, 0.02
to 0.7; p=0.02) were the independent prognostic factors for OS and DFS. Patients with
SOX2 amplification did not show a longer OS (p=0.95) and DFS (p=0.48).
Conclusion
Our data suggested that SOX2 overexpression could be used as a positive prognostic factor
in patients with stage III lung SCC receiving adjuvant radiotherapy.

Introduction
Lung cancer has one of the highest cancer mortality rates
in several countries worldwide, including Korea [1,2].
Although cancer treatments have improved in recent
decades, lung cancer remains non-responsive to curative

│ http://www.e-crt.org │
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treatments. However, novel emerging molecular techniques
have made it possible to investigate its molecular-level
pathophysiology, identify specific causative oncogenes or
tumor suppressor genes, and make progress toward new
paradigms for cancer treatment. Compared with other cancers, lung cancer has an increased number of well-defined
genetic changes and/or abnormalities and more molecularly
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targeted agents have been applied in clinical practice for its
treatment. However, most of the molecularly targeted agents
used in clinical practice are for adenocarcinoma, and few are
available for squamous cell carcinoma.
SOX2, a transcription factor encoded by the gene located
at 3q26.33, plays a role in maintenance of embryonic stem
cells. In addition, it is a “Yamanaka factor” which induces
pluripotent stem cells from somatic cells, along with c-Myc,
Oct4, and KLF4. It is also involved in morphogenesis and
homeostasis of the esophageal, tracheobronchial, and bronchiolar epithelium [3].
SOX2 is expressed in bronchial epithelial cells, though not
in alveolar cells or adenocarcinoma precursor lesions [4-6].
SOX2 is found exclusively in squamous cell carcinoma,
where it is amplified and overexpressed at the gene and protein levels, respectively [3,6]. Previous studies have analyzed
the prognosis of heterogeneously treated squamous cell carcinoma patient populations. However, only a small number
of studies have investigated the association between SOX2
and the clinical outcome of patients treated with radiotherapy [7,8]. The aim of this study was to assess the prognostic
significance of SOX2 amplification and expression in squamous cell lung cancer patients treated using adjuvant radiotherapy.

Materials and Methods
1. Patient selection
This retrospective study was approved by the Institutional
Review Board of our institution (IRB No. 4-2012-0709). A
total of 158 non-small cell lung cancer (NSCLC) patients who
underwent pulmonary resection followed by adjuvant radiotherapy between 1996 and 2008 were identified. Squamous
cell carcinoma was confirmed surgically in 71 patients, and
clinical specimens were available from 36 patients. Of these,
three patients were excluded from the analysis because of a
lack of tumor tissue in their paraffin-embedded tissue blocks.
Therefore, tumor samples from 33 patients were available for
analysis. The patients’ medical records were reviewed retrospectively for evaluation of clinicopathological characteristics and survival outcomes. After radical resection, all
patients were determined to have pathologic TNM stage III
tumors according to the sixth edition cancer staging guidelines provided by the American Joint Committee on Cancer
[9].
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2. Fluorescent in situ hybridization
Fluorescent in situ hybridization (FISH) was performed for
analysis of SOX2 gene amplifications on 4-"m-thick formalin-fixed paraffin embedded (FFPE) tissue sections. Briefly,
the sections were deparaffinized in xylene (twice for 10 minutes each), followed by immersion in 100% ethanol (twice for
5 minutes each) before hybridization. Pretreatment was performed according to the Vysis protocol for FFPE tissue specimens. A SOX2-specific DNA probe (green) and a centromere 3-specific probe (red) were used (ZytoLight SPEC SOX2/CEN 3 Dual Color Probe, ZytoVision, Bremerhaven, Germany). The sections were then denatured and hybridized
with ThermoBrite (Abbott Molecular, Des Plaines, IL) at 80°C
for 5 minutes, followed by an overnight at 37°C. Post-hybridization washes were performed according to the Vysis protocol for FFPE tissue specimens (Abbott Molecular), and
DAPI counterstaining was then performed. Semi-quantitative analysis of the SOX2 amplification status was performed
by comparing the number of green signals (SOX2 target
regions) to the number of red signals in each sample (reference regions). A non-amplified nucleus showed one green
target signal for every corresponding red reference signal,
with a green/red ratio of 1:1 (Fig. 1A). Cases containing 2-9
more green target signals than red signals in at least 30% of
their tumor cells were defined as having low-level SOX2
amplification (Fig. 1B). Cases with an additional " 10 green
signals in a cluster-like formation were defined as having
high-level SOX2 amplification (Fig. 1C). All tissue slides
were analyzed under a 100! oil immersion objective lens
using a fluorescence microscope equipped with the appropriate filters. At least 100 nuclei per case were assessed.
3. Immunohistochemistry
Four-micrometer-thick tissue sections were deparaffinized,
rehydrated, and washed twice in buffer. The slides were
incubated in hydrogen peroxide for 10 minutes to reduce
nonspecific background staining due to endogenous peroxidases, and then washed four times in buffer. Primary antibodies against human SOX2 (1:200, R&D Systems, Minneapolis, MN) were then applied, and slides were incubated
according to the manufacturer’s recommended protocols.
The slides were washed four times in buffer, incubated with
primary antibody enhancer for 20 minutes at room temperature, and then washed four times in buffer. Next, horseradish peroxidase polymer was applied to the slides, which were
then incubated for 30 minutes at room temperature before
washing four times in buffer, followed by incubation with
hematoxylin and chromogen, washed four times in deionized water, and counterstained. The staining results were
evaluated and each case was scored from 0 to 2, according to
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Fig. 1. SOX2 amplification was assessed using fluorescence in situ hybridization (FISH, !1,000) and protein expression was
determined using immunohistochemistry (!200) in lung squamous cell carcinoma patients. SOX2-specific DNA probe in
green combined with a centromere 3-specific probe in red was applied for FISH. (A) Nucleus without SOX2 amplification.
(B) Nucleus with low-level SOX2 amplification (arrows). (C) Nucleus with high-level SOX2 amplification (arrows). (D) Moderate nuclear SOX2 expression (arrow). (E) Strong nuclear SOX2 expression (arrow). (F) Weak nuclear SOX2 expression.

the intensity of nuclear staining in the tumor cells. The staining intensity of the normal bronchial epithelium served as
the internal control and was given an arbitrary score of 1.
Each tumor was compared to the internal control and given
a score of 1 (moderate expression) (Fig. 1D) when the intensity was the same as that of the internal control, 2 (strong
expression) (Fig. 1E) when stronger, and 0 (weak expression)
(Fig. 1F) when weaker.
4. Statistical analyses
Disease-free survival (DFS) was estimated from the time
of diagnosis to the time of initial tumor relapse (local recurrence or distant) or death from any cause. Overall survival
(OS) time was measured from the time of diagnosis to death
or last follow-up date. For univariate analysis, Kaplan-Meier
survival analyses were used to estimate OS and DFS, and differences in the survival rates were compared using log-rank
tests. A Cox proportional hazards model was used for mul-

tivariate analysis to evaluate prognostic factors influencing
OS and DFS. Multivariate analysis was performed using
backwards elimination to stay in the model. Hazard ratios
(HR) are given with 95% confidence intervals (95% CI). Correlations between categorical variables were examined using
!2 or Fisher exact tests. Continuous variables were compared
to categorical variables using Mann-Whitney U tests. Statistical significance was defined as a p-value of < 0.05 for all
analyses. SPSS ver. 20.0 (IBM Co., Armonk, NY) was utilized
for all statistical analyses.

Results
1. Patient characteristics
The median patient age was 66 years (range, 48 to 73
VOLUME 48 NUMBER 2 APRIL 2016
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years), and 32 patients were male (97%). Most patients had
an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1 (93.9%) and a positive smoking history
(75.8%). Fourteen patients (42.4%) were classified as T3 or
T4, and 27 patients (81.8%) as N2 or N3. A positive margin
of resection was found in 11 patients (33.3%), lymphovascular invasion and perineural invasion in seven patients
(21.2%) and three patients (9.1%), and extranodal extension
in four patients (12.1%). The median total dose and fraction
size of radiotherapy were 59.4 Gy (range, 50.4 to 69 Gy) and
1.8 Gy (range, 1.8 to 2 Gy), respectively. The patient characteristics are listed in Table 1.

12 months; p=0.02) and total radiation dose (> 59.4 Gy vs.
# 59.4 Gy; median, 96 months vs. 30 months; p=0.04) were
the significant prognostic factors for DFS (Table 4). SOX2
overexpression showed a significant trend toward better DFS
(p=0.08) (Table 4, Fig. 2C). SOX2 amplification also did not
show association with DFS (Table 4, Fig. 2D). In multivariate
analysis, SOX2 overexpression (HR, 0.15; 95% CI, 0.04 to 0.65;
p=0.01) and total radiation dose (HR, 0.13; 95% CI, 0.02 to 0.7;
p=0.02) were the independent prognostic factors for DFS
(Table 4).

2. Correlation between SOX2 gene amplification and protein expression and clinicopathological characteristics

Discussion

SOX2 amplification was assessed using FISH and protein
expression was determined using immunohistochemistry in
lung squamous cell carcinoma patients (Fig. 1). High- and
low-level amplification were observed in four (12.2%) and 18
patients (54.5%), respectively (Table 1). SOX2 gene amplification group was defined as low or high level amplification.
Strong and moderate expressions were observed in eight
(24.3%) and 18 patients (54.5%), respectively (Table 1). SOX2
overexpression was defined as a score of 1 or 2, and no overexpression was defined as a score of 0.
Analysis of the correlation between SOX2 gene amplification and protein expression showed significant association
of SOX2 overexpression with SOX2 gene amplification
(p=0.002) (Table 2). Next, we analyzed the association between several clinicopathological characteristics and SOX2 gene
amplification and protein expression. However, no clinicopathological factor showed significant association with SOX2
gene amplification or protein expression (Table 3).

SOX2 plays roles in a variety of pathological processes
from normal development to cancer. Overexpression of
SOX2 is not associated with epithelial cell differentiation in
the lungs, but its expression shows a notable increase in basal
cell precursors (p63+ Krt14$ cells) [10]. Therefore, SOX2 regulates the balance between self-renewal and differentiation
by controlling the fate of basal cells and also triggers lung
epithelial carcinogenesis [11].
SOX2 play a role in various signal transduction pathways
and exerts various biological effects via extensive networks
involving upstream and downstream molecules and protein
interactions [12]. Many proteins upstream of SOX2 have been
identified. EGFR-Src-Akt signaling is relevant to the selfrenewal of cancer stem cells and has an effect on side population cells in lung cancer [13]. Several downstream effectors
of SOX2 have been identified including those involved in
cancer stem cell-related signal transduction pathways. For
example, C-MYC, WNT1, WNT2, and NOTCH1 play roles
in non-small cell lung cancer cells [14]. SOX2 was linked with
apoptosis in non-small cell lung cancer via the MAPK4-survivin pathway [15]. SOX2 forms a network with cell cycle
regulators including cyclin D1, cyclin E, and p27, as well as
other biologically important pathways such as #-catenin and
transforming growth factor # [16-18].
Little is known about the relationship between radioresistance and SOX2. An analysis of the SOX2 interactome using
immunoprecipitation coupled with mass spectrometry
analysis by Fang et al. [19] found interactions between SOX2
and proteins involved in DNA repair, such as XRCC1, 5, and
6, which were associated with radioresistance in vitro and in
human tissues [20-22]. Future studies are needed to investigate the direct relationship between radioresistance and
these genes. In addition, cancer stem cell radioresistance can
be explained by an increased recovery from DNA damage
and a decrease in production of reactive oxygen species
[23,24]. Therefore, SOX2 might influence radioresistance

3. Prognostic factors for OS and DFS
The median follow-up period for the surviving patients
was 58 months (range, 5 to 102 months). The 5-year OS and
DFS for all patients was 50.7% and 39.9%, respectively. In
prognostic analysis using Kaplan-Meier curves, SOX2 overexpression was the only significant prognostic factor for OS
(yes vs. no; median, 73 months vs. 8 months; p=0.01) (Table 4).
Kaplan-Meier curves also showed that patients with SOX2
overexpression had significantly better OS, as shown in
Fig. 2A. Age and total dose showed better OS with a statistically significant trend. However, SOX2 amplification did not
show association with OS (Table 4, Fig. 2B). In multivariate
analysis, SOX2 overexpression (HR, 0.1; 95% CI, 0.02 to 0.5;
p=0.005) and age (HR, 0.33; 95% CI, 0.11 to 0.98; p=0.046)
were the independent prognostic factors for OS (Table 4). In
univariate analysis, age (< 65 vs. " 65; median, 96 months vs.
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Table 1. Patient characteristics

Table 1. Continued

Variable

No. (%)

Variable

Age, median (range, yr)
Tumor size, median (range, cm)
Sex
Male
Female
ECOG
0
1
2
Smoking history
No
Yes
Radical resection
Lobectomy
Pneumonectomy
pT stage
T1
T2
T3
T4
pN stage
N0
N1
N2
N3
pStage
IIIa
IIIb
Grade
MD
PD
Resection margin
Negative
Closed
Positive
Lymphovascular invasion
No
Yes
Perineural invasion
No
Yes
Extranodal extension
No
Yes
SOX2 gene amplification
None
Low
High
SOX2 protein expression
Weak
Moderate
Strong

66 (48-73)
4 (2-7)

Postoperative chemotherapy
No
Yes
Total dose, median (range, Gy)
Fraction size, median (range, Gy)

32 (97)
1 (3)
25 (75.7)
6 (18.2)
2 (6.1)
8 (24.2)
25 (75.8)
23 (69.7)
10 (30.3)
3 (9.1)
16 (48.5)
7 (21.2)
7 (21.2)
1 (3.0)
5 (15.2)
24 (72.7)
3 (9.1)
23 (69.7)
10 (30.3)
15 (45.5)
18 (54.5)
21 (63.6)
1 (3.0)
11 (33.3)
26 (78.8)
7 (21.2)
30 (90.9)
3 (9.1)
29 (87.9)
4 (12.1)
11 (33.3)
18 (54.5)
4 (12.2)
7 (21.2)
18 (54.5)
8 (24.3)

No. (%)
4 (12.2)
29 (87.8)
59.4 (50.4-69)
1.8 (1.8-2)

ECOG, Eastern Cooperative Oncology Group; MD, moderately differentiated; PD, poorly differentiated.

through regulation of cancer stem cell activity. If SOX2
increases radioresistance, SOX2 overexpression would result
in worse prognosis in irradiated patients, in contrast to our
findings. However, all patients enrolled in our study underwent surgery followed by postoperative radiotherapy, and
most patients received adjuvant systemic chemotherapy.
Thus, we concluded that our findings were not appropriate
for investigating the relation between SOX2 and radioresistance. Instead, we suggest that further studies designed for
decisive examination of this point, such as a prospective
study with lung squamous cell carcinoma patients who
receive definitive radiotherapy, are required.
Several previous studies investigated whether SOX2 amplification was associated with prognosis in non-small cell
lung cancer. Although some reported that SOX2 amplification showed close correlation with poor prognosis, others
reported that patients with amplification had a good survival
outcome. These conflicting results arise from the limited
availability of patient tissues and methods for investigation
of SOX2 amplification. However, our findings showed that
SOX2 amplification is not associated with survival.
A meta-analysis utilizing the eight published series found
significantly greater expression of SOX2 in squamous carcinoma than in adenocarcinoma, which was associated with
improved OS. Similarly, multivariate analysis also showed
that SOX2 overexpression is the significant prognostic factor
for OS and DFS. Therefore, we suggest that overexpression
of SOX2 might be a positive prognostic factor in patients with
lung squamous cell carcinoma. However, as several studies
showed that the use of small interfering RNA to knockdown
SOX2 decreased the growth and radioresistance of cancer
cells in contrast to clinical studies [18,25], it remains unclear
whether this could result in a feasible therapeutic approach.
Therefore, further studies involving well-designed translational research from benchside to bedside are needed.
The current study included a homogenous NSCLC patient
population treated with adjuvant radiotherapy. To the best
of our knowledge, this is the first study to investigate whether SOX2 overexpression has prognostic significance in
VOLUME 48 NUMBER 2 APRIL 2016
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Table 2. Relationship between SOX2 gene amplification and SOX2 protein expression
SOX2 gene amplification

SOX2 protein expression
No expression
Overexpression

No

Yes

6 (54.5)
5 (45.5)

1 (4.5)
21 (95.5)

p-value
0.002

Values are presented as number (%).

Table 3. Clinicopathologic characteristics according to SOX2 amplification and expression
Variable

SOX2 gene amplification
None (n=11) Amplification (n=22)

Sex
Male
Female
Age (yr)
< 65
" 65
Smoking history
No
Yes
Tumor size (cm)
<4
"4
Differentiation
MD
PD
TNM stage
IIIa
IIIb
T stage
T1-2
T3-4
N stage
N0-1
N2-3
Resection margin
Negative
Closed or positive
Lymphovascular invasion
No
Yes
Perineural invasion
No
Yes
Extranodal extension
No
Yes

p-value

SOX2 protein expression
No (n=7)

Overexpression (n=26)

10 (90.9)
1 (9.1)

22 (100)
0 (0.0)

0.33

6 (85.7)
1 (14.3)

26 (100)
0 (0.0)

0.2

7 (63.6)
4 (36.4)

8 (36.4)
14 (63.6)

0.14

4 (57.1)
3 (42.9)

11 (42.3)
15 (57.7)

0.67

4 (36.4)
7 (63.6)

4 (18.2)
18 (81.8)

0.39

3 (42.9)
4 (57.1)

5 (19.2)
21 (80.8)

0.32

4 (36.4)
7 (63.6)

9 (40.9)
13 (59.1)

1

1 (14.3)
6 (85.7)

12 (46.2)
14 (53.8)

0.2

5 (45.5)
6 (54.5)

10 (45.5)
12 (54.5)

1

4 (57.1)
3 (42.9)

11 (42.3)
15 (57.7)

0.67

9 (81.8)
2 (18.2)

14 (63.6)
8 (36.4)

0.43

6 (85.7)
1 (14.3)

17 (65.4)
9 (34.6)

0.4

6 (54.5)
5 (45.5)

13 (59.1)
9 (40.9)

1

3 (42.9)
4 (57.1)

16 (61.5)
10 (38.5)

0.42

3 (27.3)
8 (72.7)

3 (13.6)
19 (86.4)

0.38

2 (28.6)
5 (71.4)

4 (15.4)
22 (84.6)

0.58

7 (63.6)
4 (36.4)

14 (63.6)
8 (36.4)

1

5 (71.4)
2 (28.6)

16 (61.5)
10 (38.5)

1

8 (72.7)
3 (27.3)

18 (81.8)
4 (18.2)

0.66

5 (71.4)
2 (28.6)

21 (80.8)
5 (19.2)

0.62

11 (100)
0 (0.0)

19 (86.4)
3 (13.6)

0.53

7 (100)
0 (0.0)

23 (88.5)
3 (11.5)

1

10 (90.9)
1 (9.1)

19 (86.4)
3 (13.6)

1

6 (85.7)
1 (14.3)

23 (88.5)
3 (11.5)

1

Values are presented as number (%). MD, moderately differentiated; PD, poorly differentiated.
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A

75
50
25
0

No. at risk

Overexpression
No expression

p=0.01

Disease-free survival rate (%)

Median DFS, 57 mo vs. 5 mo

C

25

No. at risk

p=0.08

0 6 12 18 24 30 36 42 48 54 60
Time (mo)

Overexpression 26 20 17 15 15 15 11 11 11 9 4
No expression

25
Amplification
None

p=0.95

0 6 12 18 24 30 36 42 48 54 60
Time (mo)

Amplification 22 17 16 15 13 12 10 9 9 7 3
No 11 11 7 5 5 5 5 5 5 5 2

50

0

B

50

No. at risk

75

Overexpression
No expression

Median OS, 69 mo vs. 59 mo

75

0

0 6 12 18 24 30 36 42 48 54 60
Time (mo)

Overexpression 26 22 20 18 16 15 13 12 12 10 6
No expression 7 6 3 2 2 2 2 2 2 2 1

100

100
Overall survival rate (%)

Median OS, 73 mo vs. 8 mo

7 3 2 2 2 2 2 2 2 2 1

100
Disease-free survival rate (%)

Overall survival rate (%)

100

Median DFS, 30 mo vs. 82 mo

D

75
50
25
0

No. at risk

Amplification
None

p=0.48

0 6 12 18 24 30 36 42 48 54 60
Time (mo)

Amplification 22 15 13 12 12 12 8 8 8 6 2
No 11 8 6 5 5 5 5 5 5 5 2

Fig. 2. Kaplan-Meier curves for overall survival and disease-free survival rates. (A) Patients with SOX2 overexpression
showed a significantly longer overall survival rate compared to those without (median, 73 months vs. 8 months, respectively;
p=0.01). (B) Patients with SOX2 amplification did not show a better overall survival rate than those without amplification
(median, 69 months vs. 59 months; p=0.95). (C) Patients with SOX2 overexpression showed a significant trend toward longer
disease-free survival compared to those without (median, 57 months vs. 5 months; p=0.08). (D) Patients with SOX2 amplification did not show a longer disease-free survival than those without amplification (median, 30 months vs. 82 months;
p=0.48).

patients who underwent radiotherapy in NSCLC, albeit only
a small number of patients were included. Nevertheless,
despite the high possibility, we cannot assume that postoperative radiotherapy changed the prognosis of patients and
that SOX2 is involved in this effect. We were also unable to
confirm a relationship between SOX2 and radioresistance.
Thus, further studies are certainly needed in order to validate

the effect of postoperative radiotherapy on prognosis and the
relationship between radiotherapy and SOX2. Still, based on
our findings, it is meaningful that the prognostic value of
SOX2 overexpression was verified by utilizing the homogenous database of all patients treated with the whole definitive treatment scheme including radical surgery followed by
postoperative radiotherapy.
VOLUME 48 NUMBER 2 APRIL 2016

479

Cancer Res Treat. 2016;48(2):473-482

Table 4. Stepwise uni- and multi-variate analysis using Cox regression model for overall survival and disease-free survival
Overall survival
Variable

Age
(< 65 yr vs. " 65 yr)
Tumor size
(< 4 cm vs. " 4 cm)
Differentiation
(MD vs. PD)
T stage (T1-2 vs. T3-4)
N stage (N0-1 vs. N2-3)
Resection margin
(negative vs. closed
or positive)
Lymphovascular invasion
(no vs. yes)
Perineural invasion
(no vs. yes)
Extranodal extension
(no vs. yes)
Total dose
(> 59.4 Gy vs. # 59.4 Gy)
SOX2 gene amplification
(yes vs. no)
SOX2 overexpression
(yes vs. no)

Univariable

Disease-free survival

Multivariable
HR
(95% CI)

Univariable

Multivariable

Median
(mo)

p-value

HR
(95% CI)

p-value

96 vs. 12

0.02

-

-

-

59 vs. 10

0.14

-

-

-

-

69 vs. 30

0.76

-

-

0.26
0.99
0.91

-

-

69 vs. 30
31 vs. 57
69 vs. 30

0.29
0.85
0.49

-

-

69 vs. 59

0.72

-

-

30 vs. 59

0.48

-

-

59 vs. NR

0.13

-

-

31 vs. NR

0.12

-

-

69 vs. 59

0.9

-

-

31 vs. 30

0.9

-

-

96 vs. 59

0.09

-

-

96 vs. 30

0.04

0.13 (0.02-0.7)

0.02

69 vs. 59

0.95

-

-

30 vs. 82

0.48

-

-

73 vs. 8

0.01

0.1 (0.02-0.5)

0.005

57 vs. 5

0.08

Median
(mo)

p-value

96 vs. 59

0.05

73 vs. 18

0.16

-

69 vs. 59

0.65

96 vs. 57
59 vs. 69
69 vs. 59

p-value

0.33 (0.11-0.98) 0.046

0.15 (0.04-0.65) 0.01

HR, hazard ratio; CI, confidence interval; MD, moderately differentiated; PD, poorly differentiated; NR, not reached.

This study has several shortcomings. Primarily, it was retrospective in design and included only a small number of
patients who underwent postoperative radiotherapy. We
thought that SOX2 overexpression showed a significant
trend toward better DFS on the Kaplan-Meier curve in
Fig. 2C due to the small number of patients in spite of significant relationship between SOX2 overexpression and progression-free survival in multivariate analysis. A welldesigned large-scale prospective study is necessary to confirm our results. In addition, despite a very strong positive
relationship between SOX2 protein overexpression and gene
amplification, gene amplification of SOX2 did not show significant association with OS or DFS, in contrast to SOX2 overexpression. Similarly, in a recent large retrospective study,
only SOX2 overexpression showed significant association
with better overall survival, although significant positive correlation was observed between SOX2 protein overexpression
and gene amplification [8]. Furthermore, from an indepth
review of our data, five patients with SOX2 overexpression
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without gene amplification showed an excellent outcome of
median OS (60 months). Based on these findings, we suggest
that a high SOX2 protein level may affect the prognosis of
lung squamous cell carcinoma patients more acutely than
SOX2 gene amplification. Consequently, we recommend an
evaluation of the mechanism of SOX2 overexpression with
no gene amplification. Thus, further studies investigating
other mechanisms of SOX2 protein overexpression, such as
chromosomal translocation or mutation without gene amplification, would also be necessary.

Conclusion
In conclusion, SOX2 overexpression could be a positive
prognostic factor in lung squamous cell carcinoma patients
treated with postoperative adjuvant radiotherapy. Further

Hong In Yoon, SOX2 Overexpression and Radiotherapy

studies are needed to investigate whether SOX2 is associated
with radioresistance and how this could be exploited therapeutically.
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Effect of Time Interval between Breast-Conserving Surgery and Radiation
Therapy on Outcomes of Node-Positive Breast Cancer Patients Treated with
Adjuvant Doxorubicin/Cyclophosphamide Followed by Taxane

Purpose
This study evaluated the effect of surgery-radiotherapy interval (SRI) on outcomes in patients
treated with adjuvant radiotherapy (RT) after breast-conserving surgery (BCS) and adjuvant
four cycles of doxorubicin/cyclophosphamide (AC) followed by four cycles of taxane.
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Materials and Methods
From 1999 to 2007, 397 eligible patients were diagnosed. The effect of SRI on outcomes
was analyzed using a Cox proportional hazards model, and a maximal chi-square method
was used to identify optimal cut-off value of SRI for each outcome.
Results
The median SRI was 6.7 months (range, 5.6 to 10.3 months). A SRI of 7 months was the
significant cut-off value for distant metastasis-free survival (DMFS) and disease-free survival
(DFS) using a maximal chi-square method. For overall survival, a significant cut-off value
was not found. The patients with SRI > 7 months had worse 6-year DMFS and DFS than
those with SRI " 7 months on univariate analysis (DMFS, 81% vs. 91%, p=0.003; DFS, 78%
vs. 89%, p=0.002). On multivariate analysis, SRI > 7 months did not affect DMFS and DFS.
Conclusion
RT delayed for more than 7 months after BCS and adjuvant four cycles of AC followed by
four cycles of taxane did not compromise clinical outcomes.
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Introduction
Since the Cancer and Leukemia Group B (CALGB) 9344
and the National Surgical Adjuvant Breast and Bowel Project
(NSABP) B28 trials were reported, four cycles of doxorubicin/cyclophosphamide (AC) followed by four cycles of
taxane has become a standard adjuvant chemotherapy regimen for patients with node-positive breast cancer [1,2]. The
addition of taxane to AC improved disease-free survival
(DFS), overall survival (OS), and local control (LC) despite a
prolonged surgery-radiotherapy interval (SRI) [3].
However, delays between treatments can be harmful due
to tumor doubling time, and delayed SRI can increase the
development of radioresistance [4,5]. Several studies have
identified a relationship between SRI and treatment outcomes in breast cancer. Most studies analyzed a heterogeneous population in terms of disease stage, nodal status, type
of surgery, adjuvant chemotherapy, and adjuvant endocrine
therapy. Hence, the results of these studies are contradictory,
and the maximal safe SRI has not been established.
The aim of the present study is to examine the effect of SRI
on treatment outcomes in breast cancer patients treated with
breast-conserving surgery (BCS) and adjuvant chemotherapy
with four cycles of AC plus four cycles of taxane.

6-15 MV photons. Seven patients were treated with hypofractionated RT of 39 Gy using 3 Gy per fraction and the rest of
the patients received conventional RT of 50-50.4 Gy at 1.8-2.0
Gy per fraction. An additional 9-16.2 Gy electron-boost using
1.8-3.0 Gy/fraction was delivered to the tumor bed. The
addition of regional RT was decided at the discretion of the
treating radiation oncologist’s assessment of regional failure
risk. Two hundred and seventeen patients (54.7%) received
45-50.4 Gy at 1.8-2.0 Gy/fraction to the axillary and supraclavicular (SCL) regions. Among these patients, only one
patient received additional RT to the internal mammary
node (IMN) region.
Adjuvant hormonal therapy (HT) was given to most
patients with estrogen receptor (ER)–positive or progesterone receptor (PR)–positive tumors. Three hundred and
eight patients (77.6%) had ER-positive or PR-positive tumors.
Among these patients, 251 received tamoxifen, 46 received
aromatase inhibitors, 10 did not receive HT, and one patient
had unavailable data. One patient received tamoxifen without hormonal receptor expression. If adjuvant HT was indicated, it was given with RT in most cases.
There were 71 patients (17.9%) with HER2-positive (immunohistochemistry 3+ or fluorescence in situ hybridization
positive) tumors. Fifteen of these patients were treated with
adjuvant trastuzumab and four patients received adjuvant
lapatinib. Adjuvant trastuzumab or lapatinib were given on
a 21-day cycle for one year and could be used with RT.

Materials and Methods

3. Statistical analysis

1. Patient population
From October 1999 to June 2007, 397 patients with nodepositive breast cancer underwent BCS, adjuvant four cycles
of AC followed by four cycles of taxane, and adjuvant radiotherapy (RT) in sequence at the National Cancer Center and
Seoul National University Hospital, Korea.
2. Treatment
All patients had BCS with axillary lymph node dissection
or sentinel lymph node biopsy. The original pathologic
report was reviewed to collect histologic data. All patients
received four cycles of doxorubicin 60 mg/m2 by slow intravenous push and then cyclophosphamide 600 mg/m2 intravenous infusion over 30 minutes every 21 days followed by
four additional 21-day cycles of taxane (paclitaxel 175 mg/m2
intravenous or docetaxel 75 mg/m2 intravenous as a 3-hour
infusion on day 1 of each cycle).
Adjuvant RT was delivered after chemotherapy was completed. All patients underwent whole breast RT using
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The interval between surgery and RT was defined as the
time from the date of the first oncologic surgery to the first
day of RT. The definition of ipsilateral breast tumor recurrence (IBTR) was recurrence of invasive breast cancer or ductal carcinoma in situ in the same breast treated with RT.
Loco-regional recurrence (LRR) included IBTR, ipsilateral
axillary lymph node recurrence, IMN recurrence, and SCL
recurrence. Failure at any other site was considered a distant
metastasis (DM). Each failure was scored as an event regardless of recurrence at other sites. Contralateral breast tumor
recurrence was not counted as a failure but as a secondary
malignancy. An event for DFS included IBTR, LRR and DM.
The Kaplan-Meier method was used to calculate the actuarial
rates of ipsilateral breast tumor recurrence-free survival
(IBTRFS), loco-regional recurrence-free survival (LRRFS),
distant metastasis-free survival (DMFS), DFS, and OS. Comparison between groups was performed by two-sided
log-rank tests. Cox proportional hazards model was used for
multivariate analysis and analysis of the effect of SRI on clinical outcomes. Maxstat, a maximal chi-square method in R
2.13.0 (R Development Core Team, Vienna, Austria, http://
www.R-project.org) was used to identify optimal cut-off

Hyeon Kang Koh, Surgery to Radiotherapy Interval for Breast Cancer

Table 1. Patient and tumor characteristics

Table 1. Continued

Variable

Variable

No. of patients (%)

Age (yr)
< 40
" 40
Histology
IDCa
ILCa
Others
Tumor location
Right breast
Left breast
Tumor size (cm)
#2
>2
Tumor gradea)
I
II
III
Resection margin
Negative
Close (# 2 mm)
Positive
EICa)
No
Yes
LVIa)
No
Yes
Ki-67 (%)a)
# 15
> 15
Estrogen receptor
Negative
Positive
Progesterone receptor
Negative
Positive
HER-2 receptora)
Negative
Positiveb)
Menopause statusa)
Premenopausal
Postmenopausal
Perimenopausal
Stage by AJCC 7th edition
IIA (T1N1)
IIB (T2N1)
IIIA (T1-2N2,T3N1-2)
IIIB (T4N1-2)
IIIC (N3)

87 (21.9)
310 (78.1)
375 (94.5)
6 (1.5)
16 (4.0)
183 (46.1)
214 (53.9)
166 (41.8)
231 (58.2)
13 (3.3)
188 (47.8)
192 (48.9)
343 (86.4)
48 (12.1)
6 (1.5)
247 (68.4)
114 (31.6)

No. of patients (%)

Nodal stage (pathological)
N1mi
N1
N2
N3
Radiation field
Breast only
Breast and regional lymphatics

13 (3.3)
237 (59.7)
95 (23.9)
52 (13.1)
180 (45.3)
217 (54.7)

IDCa, invasive ductal carcinoma; ILCa, invasive lobular
carcinoma; EIC, extensive intraductal component; LVI,
lymphovascular space invasion; AJCC, American Joint
Committee on Cancer. a)Analysis with available data,
b)
Immunohistochemistry 3+ or fluorescence in situ hybridization positive.

value of SRI for each outcome. Two-tailed null hypotheses
of no difference were rejected if p-values were less than 0.05,
or, equivalently, if the 95% confidence intervals (CIs) of hazard ratio estimates excluded 1. All statistical analyses, except
Maxstat, were carried out using SPSS ver. 16.0 (SPSS Inc.,
Chicago, IL).

53 (14.4)
314 (79.1)
244 (64.0)
137 (36.0)
114 (28.7)
283 (71.3)
122 (30.7)
275 (69.3)
325 (82.1)
71 (17.9)
228 (59.4)
125 (32.6)
31 (8.1)
115 (29.0)
131 (33.0)
98 (24.7)
1 (0.3)
52 (13.0)

Results
1. Patient characteristics
Table 1 summarizes the patient and tumor characteristics.
The median age of patients at diagnosis was 45 years old
(range, 22 to 73 years). Most patients had invasive ductal carcinoma (94.5%) according to the World Health Organization’s classification system. Positive or close resection margin
was reported in 13.6% of all cases following the last surgery.
There were 192 patients (48.9%) with histologic grade III
tumor, 114 patients (31.6%) with extensive intraductal component (EIC), 314 patients (79.1%) with lymphovascular
space invasion (LVI) and 137 patients (36.0%) with Ki-67
greater than 15%. The pathologic stage by American Joint
Committee on Cancer (AJCC) seventh edition was IIA in 115
patients (29.0%), IIB in 131 patients (33.0%), IIIA in 98
patients (24.7%), IIIB in one patient (0.3%), and IIIC in 52
patients (13.0%).
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2. Outcomes
The median follow-up duration of all patients was 65
months (range, 9 to 137 months). During follow-up, there
were 12 cases of IBTR, 20 cases of LRR, 45 cases of DM, and
24 deaths. The actuarial 6-year IBTRFS was 96.9%, LRRFS
93.8%, DMFS 87.6%, DFS 85.5%, and OS 93.9%.
3. Surgery-radiotherapy interval
The median interval between surgery and RT was 6.7
months (range, 5.6 to 10.3 months). Because the association
between SRI as a continuous variable and clinical outcomes
should be confirmed before finding an optimal cut-off value
using maximal chi-square method, a Cox proportional hazard model was performed to estimate the association of SRI
with each clinical outcome (Table 2). An increase of SRI was
related to worse DMFS (p=0.002), DFS (p=0.003), and OS
(p=0.008). The optimal cut-off value of SRI for DMFS and
DFS was 7 months by maximal chi-square method (p=0.024
and p=0.016, respectively) (Figs. 1 and 2). Even though the
optimal cut-off value of SRI for OS was 7.5 months, it was
not statistically significant (p=0.255). When a SRI of 7 months
was applied, there were 275 patients in the group with a SRI
# 7 months and 122 patients in the group with SRI > 7
months. The 6-year actuarial DMFS for patients with SRI > 7
months was 81% versus 91% for patients with SRI # 7 months
(p=0.003), and DFS was 78% versus 89% (p=0.002), respectively (Table 3).
4. Univariate analysis and multivariate analysis
Table 3 provides univariate and multivariate analyses of
prognostic factors for 6-year outcomes. Patients younger
than 40 years old, ER-negative, and PR-negative tumors
showed poor prognosis in IBTRFS and LRRFS. The 6-year
IBTRFS for patients age < 40 years versus " 40 years was 93%
versus 98% (p=0.001) and the 6-year LRRFS was 91% versus
95% (p=0.037), respectively. The 6-year IBTRFS for patients

with ER-negative tumors versus ER-positive tumors was
93% versus 99% (p=0.001) and the 6-year LRRFS was 87%
versus 97% (p < 0.001), respectively. PR-negative tumors
showed worse 6-year IBTRFS than PR-positive tumors (93%
for PR-negative vs. 99% for PR-positive, p < 0.001) and worse
6-year LRRFS (89% for PR-negative vs. 97% for PR-positive,
p < 0.001). Histology, tumor size, tumor grade, resection margin, EIC, LVI, HER-2, menopause status, Ki-67, nodal stage
and stage group did not have an impact on IBTRFS and
LRRFS.
Tumor size, tumor grade, ER status, PR status, nodal stage,
and stage group were analyzed as prognosticators for the
6-year DMFS and DFS. Larger tumors were a poor prognostic factor for DMFS (95% for tumor size # 2 cm vs. 82% for
tumor size > 2 cm, p < 0.001) and for DFS (93% for tumor size
# 2 cm vs. 81% for tumor size > 2 cm, p=0.001). Higher tumor
grade negatively affected DMFS (100% for grade I vs. 92%
for grade II vs. 82% for grade III, p=0.003) and DFS (100% for
grade I vs. 91% for grade II vs. 79% for grade III, p=0.006).
ER-negative tumors showed worse 6-year DMFS than ERpositive tumors (79% for ER-negative vs. 91% for ER-positive, p < 0.001) and 6-year DFS (75% for ER-negative vs. 90%
for ER-positive, p < 0.001). The 6-year DMFS for patients
with PR-negative tumors versus PR-positive tumors was 83%
versus 90% (p=0.029) and the 6-year DFS was 78% versus
89% (p=0.001), respectively. Higher nodal stage was a negative prognosticator for DMFS (94% for N1 vs. 80% for N2 vs.
72% for N3, p < 0.001) and DFS (91% for N1 vs. 77% for N2
vs. 72% for N3, p < 0.001). Higher stage group presented
poorer prognosis for DMFS (94% for stage II vs. 77% for stage
III, p < 0.001) and DFS (99% for stage II vs. 86% for stage III,
p < 0.001).
Larger tumor (97% for tumor size # 2 cm vs. 91% for tumor
size > 2 cm, p=0.012), ER-negative tumor (96% for ER-positive vs. 88% for ER-negative, p < 0.001), higher nodal stage
(99% for N1 vs. 87% for N2 vs. 85% for N3, p < 0.001), and
higher stage group (99% for stage II vs. 86% for stage III,
p < 0.001) negatively affected OS.
A multivariate analysis was performed to exclude con-

Table 2. The effect of SRI on clinical outcomes and optimal cut-off value of SRI
p-value of cox proportional hazards model
IBTRFS
LRRFS
DMFS
DFS
OS

0.239
0.110
0.002
0.003
0.008

Optimal cut-off value (mo)
7
7
7.5

p-value of maximal chi-square test
0.024
0.016
0.255

SRI, surgery-radiotherapy interval; IBTRFS, ipsilateral breast tumor recurrence-free survival; LRRFS, locoregional recurrence-free survival; DMFS, distant metastasis-free survival; DFS, disease-free survival; OS, overall survival.
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3.5

3.0

Standardized log-rank statistic

Standardized log-rank statistic

DMFS (p=0.024)

2.5
2.0
1.5
1.0

DFS (p=0.016)

3.0
2.5
2.0
1.5
1.0

6.5

7.0

7.5

SRI (mo)

6.5

7.0

7.5

SRI (mo)

Fig. 1. Maximal chi-square method for distant metastasisfree survival (DMFS) (p=0.024). The cut-off value of surgery-radiotherapy interval (SRI) was set to what provided
the best separation of DMFS into two groups, where the
standardized log-rank statistics take their maximum.

Fig. 2. Maximal chi-square method for disease-free survival (DFS) (p=0.016). The cut-off value of surgery-radiotherapy interval (SRI) was set to what provided the best
separation of DFS into two groups, where the standardized log-rank statistics take their maximum.

founding factors for outcomes. In multivariate analysis,
patients younger than 40 years old had a worse prognosis for
IBTRFS; tumor size more than 2 cm had worse prognosis for
DMFS; nodal stage was an independent prognostic factor for
OS. A SRI of greater than 7 months, however, lost its prognostic significance on multivariate analysis.

SRI should not exceed 20-24 weeks after surgery when adjuvant chemotherapy was given [7-9]. A recent Cochrane
review concluded that breast cancer outcomes were not compromised regardless of the sequence of adjuvant treatments
within 7 months after surgery [10]. Among the patients
treated with adjuvant chemotherapy in these review articles,
most received cyclophosphamide, methotrexate, and 5-fluorouracil (CMF) regimen.
Although there is some evidence on SRI for patients who
received adjuvant chemotherapy as mentioned above, there
are no analyses of SRI in patients treated exclusively with
four cycles of AC plus four cycles of taxane. In general, the
AC plus taxane regimen takes longer to complete than a
CMF regimen. However, CALGB 9344 demonstrated that the
addition of a taxane to AC for node-positive breast cancer
improved LC as well as DFS and OS [3]. Therefore, an
acceptable SRI for AC plus taxane regimen needs to be
established.
There have been studies of the relationship between SRI
and LC for breast cancer patients treated with adjuvant
chemotherapy regimens including anthracycline. Livi et al.
[11] performed a subgroup analysis on patients treated with
adjuvant chemotherapy (65% with 6 cycles of CMF regimen,
20% with anthracycline-based regimen and 15% with other
regimens), adjuvant RT and no HT. Multivariate analysis
showed RT timing was an independent prognostic factor for
local relapse especially in the group of SRI > 180 days

Discussion
In the present study, the actuarial 6-year IBTRFS, LRRFS,
DMFS, DFS, and OS rates for patients treated with BCS,
adjuvant AC plus taxane, and adjuvant RT in sequence were
96.9%, 93.8%, 87.6%, 85.5%, and 93.9%, respectively. RT
delayed for more than 7 months did not affect clinical outcomes in this population.
Since the introduction of adjuvant chemotherapy in breast
cancer, many clinicians have studied the optimal SRI for
patients treated with adjuvant chemotherapy. In 1993, Buchholz et al. [6] arbitrarily divided patients who received various types of chemotherapy regimens into two groups: SRI
# 6 months and > 6 months. They showed that SRI >
6 months negatively affected LC, DFS, and OS. Review articles have been published on the optimal timing of adjuvant
RT in breast cancer [7-10]. These researchers concluded that
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Age (yr)
< 40
" 40
Histology
IDCa
ILCa
Others
Tumor size (cm)
#2
>2
Tumor gradec)
I
II
III
Resection margin
(–)
Close or (+)
EICc)
(–)
(+)
LVIc)
(–)
(+)
ER
(–)
(+)
PR
(–)
(+)
HER-2c)
(–)
(+)
Menopause statusc)
Premenopausal
Postmenopausal
Perimenopausal
93
98
97
100
100
98
96
100
98
96
97
100
97
96
98
96
93
99
93
99
97
96
96
99
96

375
6
16

166
231

13
188
192

343
54

247
114

53
314

114
283

122
275

325
71

228
125
31

IBTRFS
(%)

87
310

No.
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0.219

0.761

< 0.001

0.001

0.764

0.818

0.168

0.752

0.279

0.768

0.001

Unia)

Table 3. Prognostic factors for 6-year outcomes

-

-

0.131

0.340

-

-

-

-

-

-

0.011

Multib)

95
94
85

94
94

89
97

87
97

91
94

93
94

94
95

100
93
94

96
92

94
100
100

91
95

LRRFS
(%)

0.643

0.559

< 0.001

< 0.001

0.800

0.340

0.673

0.690

0.055

0.630

0.037

Unia)

-

-

0.211

0.174

-

-

-

-

-

-

0.096

Multib)

89
86
82

88
84

83
90

79
91

91
87

86
90

88
89

100
92
82

95
82

88
100
93

86
88

DMFS
(%)

0.755

0.171

0.029

< 0.001

0.077

0.264

0.642

0.003

< 0.001

0.659

0.639

Unia)

-

-

0.374

0.073

-

-

-

0.322

0.022

-

-

Multib)

87
85
76

87
80

78
89

75
90

90
84

84
87

85
89

100
91
79

93
81

86
100
93

83
86

DFS
(%)

0.505

0.168

0.001

< 0.001

0.193

0.246

0.990

0.006

0.001

0.566

0.262

Unia)

0.864

0.105

-

-

-

0.654

0.060

-

-

Multib)

95
92
91

94
90

90
96

88
96

93
94

93
94

94
90

100
97
90

97
91

93
100
93

94
94

OS
(%)

0.372

0.504

0.071

0.006

0.925

0.927

0.607

0.091

0.012

0.831

0.900

Unia)

-

-

0.752

0.131

-

-

-

-

0.193

-

-

Multib)
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IBTRFS, ipsilateral breast tumor recurrence-free survival; LRRFS, locoregional recurrence-free survival; DMFS, distant metastasis-free survival; DFS, disease-free
survival; OS, overall survival; IDCa, invasive ductal carcinoma; ILCa, invasive lobular carcinoma; EIC, extensive intraductal component; LVI, lymphovascular space
invasion; ER, estrogen receptor; PR, progesterone receptor; SRI, surgery-radiotherapy interval. a)Log-rank test, b)Cox regression analysis, c)Analysis with available
data.

0.415
0.022
96
90
0.134
0.002
89
78
0.146
0.003
91
81
0.101
95
91
0.263
275
122

98
96

-

0.950
< 0.001
99
86
0.898
< 0.001
91
76
0.920
< 0.001
94
77
0.128
96
91
0.871
246
151

98
96

-

0.725
94
93
0.710
85
86
0.612
86
89
0.887
94
94
0.514
244
137

97
96

-

0.045
< 0.001
99
87
85
0.980
< 0.001
91
77
72
0.922
< 0.001
94
80
72
0.251
96
89
93
0.817
98
95
98
250
95
52

N stage
N1
N2
N3
Ki-67 (%)c)
# 15
> 15
Stage
II
III
SRI (mo)
#7
>7

Table 3. Continued

No.

IBTRFS
(%)

Unia)

Multib)

LRRFS
(%)

Unia)

Multib)

DMFS
(%)

Unia)

Multib)

DFS
(%)

Unia)

Multib)

OS
(%)

Unia)

Multib)
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(p=0.045). However, other studies have shown that SRI was
not associated with LC. Yock et al. [12] suggested that more
than 7 months of SRI did not compromise LC in patients who
received four or six cycles of CMF or AC regimen. Cefaro et
al. [13] also concluded that SRI " 6 months did not affect LC
in patients who underwent an unspecified number of
cycles of CMF or an anthracycline-based regimen. Corradini
et al. [14] showed delayed RT did not compromise LRRFS
in the chemotherapy group in a cohort study of 1,393
patients. In the present study, we found that SRI was not
associated with IBTRFS and LRRFS in Cox proportional hazards model for node-positive breast cancer patients treated
with BCS and four cycles of AC followed by four cycles of
taxane.
As for other outcomes, there was no association between
SRI and DMFS, DFS, and/or OS. Two studies indicated that
SRI was not associated with DFS and OS in breast cancer
patients treated with adjuvant chemotherapy before RT
[5,12]. Yock et al. [12] showed that SRI had no effect on
distant failure. Corradini et al. [14] suggested SRI " 24 weeks
did not compromise OS. Downing et al. [15] used path analysis to investigate the relationship among survival, SRI and
receipt of adjuvant chemotherapy before RT or after RT.
They also concluded that SRI was not related to survival in
the path model (hazard ratio, 1.00; 95% CI, 0.99 to 1.01 per
week increase). In the current study, the optimal cut-off
value of SRI for DMFS and DFS was 7 months, and there was
no significant optimal cut-off value of SRI for OS. More than
7 months of SRI resulted in poor prognosis for DMFS and
DFS on univariate analysis, but the significance was lost on
multivariate analysis. Therefore, 7 months of SRI seemed to
have no significant effect on clinical outcomes in our study
population.
Our study has both limitations and strengths. Given the
retrospective nature of the study, the potential for selection
bias cannot be excluded. Our study has a smaller sample size
and shorter follow up period than previous studies of SRI or
outcomes in breast cancer [5,11,14]. However, the study population is homogeneous in respect to the treatment.

Conclusion
More than 7 months of SRI did not compromise clinical
outcomes of node-positive breast cancer patients treated with
BCS, adjuvant AC followed by taxane, and RT in sequence.
Because it is clearly unethical to randomize SRI among
patients who receive the same treatment regimen, future
research is needed on a larger data set to confirm the effect
of SRI on the treatment outcomes in breast cancer.
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Objective Measurement of Cosmetic Outcomes of Breast Conserving
Therapy Using BCCT.core

Purpose
The purpose of this study is to evaluate objective cosmetic outcomes and factors related to
breast-conserving therapy (BCT) using the BCCT.core software.
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Materials and Methods
Fifty-one patients who received BCT with informed consent were evaluated using the
BCCT.core software. Patients were divided into two groups based on the BCCT score: excellent or good (n=42) vs. fair or poor (n=9). Analysis of clinical factors was performed to
determine factors affecting cosmetic outcomes.
Results
The objective cosmetic outcome of BCT measured using the BCCT.core software was
excellent in 10% of patients, good in 72%, and fair in 18%. None of the patients were classified as poor outcome. Tumor characteristics, systemic adjuvant therapy (chemotherapy
and hormonal therapy), and radiation dose or energy of electron boost did not show correlation with the score measured by the BCCT.core program (p > 0.05). In univariate analysis,
maximum dose within the breast (Dmax), width of tangential field, and excised tumor volume
were smaller in patients with excellent or good by the BCCT.core compared to those with
fair or poor (Dmax, 110.2±1.5% vs. 111.6±1.7%, p=0.019; width of tangential field, 8.0±1.1
cm vs. 8.6±0.7 cm, p=0.034; excised tumor volume, 64.0±35.8 cm3 vs. 95.3±54.4 cm3,
p=0.067). In multivariate analysis, only Dmax was a significant factor for breast cosmetic
outcome with a risk ratio of 1.697 (95% confidence interval, 1.006 to 2.863; p=0.047).

Departments of 1Radiation Oncology and
2
Surgery, Seoul National University
Bundang Hospital, Seongnam, Korea

+ + + + + + + +In+Ah+ Kim,
+ + MD,
+ + PhD
+++++
+ Correspondence:
+
+
+
+
+
+
+
+
+
+
+
+
+
+
++++
+ Department
+ + + + +of+Radiation
+ + + +Oncology,
++++++++
Seoul
National
University
Bundang
Hospital,
+++++++++++++++++++
+ 82+ Gumi-ro
+ + + +173Beon-gil,
+ + + + +Bundang-gu,
++++++++
+ Seongnam
+ + + + 13620,
+ + +Korea
+++++++++++
+ Tel:
+ +82-31-787-7651
++++++++++++++++
+ Fax:
+ +82-31-787-4019
++++++++++++++++
+ E-mail:
+ + + inah228@snu.ac.kr
+++++++++++++++
+++++++++++++++++++
+ Received
+ + + +March
+ + +2, +2015
++++++++++
+ Accepted
+ + + + May
+ + 11,
+ 2015
+++++++++++
+ Published
+ + + + + + + June
+ + + +2015
+++++++
+ + + + + Online
+ + + + + 22,
+++++++++

+
+
+
+
+
+
+
+
+
+
+
+
+
+

Conclusion
Objective measurement of cosmetic outcome of BCT using the BCCT.core software was
feasible. The cosmetic outcome of BCT may be affected by the maximum dose within the
breast.

Introduction
Breast conserving therapy (BCT) has been a preferred
treatment method for early breast cancer since equivalent
loco-regional control and overall survival with improved
cosmetic outcome compared with mastectomy was reported

│ http://www.e-crt.org │
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in several studies [1]. The Harvard scale proposed by Harris
et al. [2], which has been used to evaluate cosmetic outcome
after BCT, is a 4-point scale that describes the global esthetic
appearance of breasts as excellent, good, fair, or poor. This
scale is simple and not time-consuming; however, its interobserver concurrence is poor and the outcome can be
affected by the experience level of the observers [3].

Copyright ⓒ 2016 by the Korean Cancer Association
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To overcome this subjectivity in breast cosmesis evaluation, a more objective scale such as breast retraction assessment (BRA) can be used alternatively [4]. The BRA evaluates
the distances from the sternal notch to nipples and from the
nipples to breast outline. Because the BRA uses only quantitative values, the concurrence between observers is excellent.
However, this scale does not include other factors that might
be responsible for a poor cosmetic result such as skin alteration or disturbing scars [5].
For use in the clinic, an evaluation tool should be both
simple and objective. The BCCT.core program might be an
appropriate tool that meets these conditions, and its feasibility was previously reported [6,7]. The BCCT.core software
developed by the Breast Research Group (INSEC Porto, the
University of Porto) evaluates cosmetic outcomes automatically using photographs of a patient. The program categorizes cosmetic outcome as one of four categories (excellent,
good, fair, and poor) based on asymmetry score, color
difference, and surgical scar [8]. Cosmetic evaluation by
BCCT.core software is not highly dependent on the observer
and several studies reported a weighted kappa score for
inter-observer agreement of 0.87 to 0.88 [9,10]. The correlation between the Harvard scale and BCCT.core is reported
as moderate to fair ($=0.21-0.57), and the inter-observer variation is less than that for the Harvard scale [7,9,10].
In this study, cosmetic outcomes of patients treated with
BCT were evaluated using BCCT.core software and predictive factors were analyzed.

Materials and Methods
Patients who underwent BCT at our hospital with
informed consent from 2005 to 2011 were eligible for this
study. This work was approved by the institutional review
board. Photographs of 51 enrolled patients were taken at the
outpatient clinic during the follow-up. The median interval
between the end of whole breast radiotherapy and photographic evaluation was 26 months (range, 16 to 73 months).
After the rating system was explained in detail, patients were
asked to rate their body image changes using four options,
excellent, good, fair, and poor [2]. The Harvard 4-point scale
was used as the patient self-assessment rating method. The
patient-reported cosmetic outcome was assessed with the
cooperation of a researcher not involved in either the treatment or analysis of this study. Blue dot marks were placed
25 cm inferior from the sternal notch as a reference scale. Patients stood at attention on the fixed footprints and medical
photos were taken using a Nikon D700 (Nikon, Tokyo,
Japan) with a 60 mm lens. Only the front view was pho-
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tographed and the same position and lighting were used for
all patients in order to minimize any possible skin color
differences caused by the angle or intensity of the lighting.
Two light sources were used for each photo, placed 2 m from
the patient at a 45° angle, left and right. The camera shutter
speed was set a 1/125 and aperture at f14. Each photo was
assessed using BCCT.core.
When loading a photograph on the BCCT.core software,
users should adjust the red dots to the most medial and
lateral point of the breast outline (Fig. 1). After pressing the
“Auto Adjust” button, the breast outline and overall cosmetic
result will be automatically calculated. In detail, the cosmetic
results consist of three categories; asymmetry, color, and
scar. The program uses seven variables for the asymmetry
index: BRA, lower breast contour (LBC), upward nipple
retraction, breast compliance evaluation, breast contour
difference (BCD), breast area difference, and breast overlap
difference (BOD), which measures the non-overlapping area
of the two breasts [8]. Definitions of the variables for the
asymmetry index are shown in Supplementary Table 1 and
Fig. 1C. The 3D color histogram, consisting of 512 bins, was
computed for measurement of the dissimilarity between
two breasts. The differences in color and scar were then
computed using the chi-square statistics and the Earth
Mover’s distance, a measure of the distance between two
probability distributions over a region. The scores of asymmetry, color, and scar are then integrated into the overall
rates.
All patients received 50-50.4 Gy of whole breast radiotherapy (WBRT) in 25 to 28 fractions with or without electron
boost (9-16 Gy in 5 to 8 fractions) by a linear accelerator.
WBRT was planned as a tangential field with an appropriate
wedge using a computed tomography–based radiotherapy
treatment planning system. The width of the tangential field
was determined to be 1.5-2.0 cm larger than the depth of
the breast. Excised tissue volume was estimated using the
formula for calculating the volume of an ellipsoid body:
4
V= % ! x ! y ! z.
3
Dmax indicates the maximum point dose within the breast.
Agreement between the patients’ self-rating score and the
results of BCCT.core was determined by the kappa statistic.
Statistical analyses were performed to determine factors
affecting cosmetic outcomes using the independent t test for
continuous variables with normal distribution, Mann-Whitney U test for continuous variables without normal distribution, and chi-square test for categorical variables. The variables were also assessed using a logistic regression model
with a forward conditional method. The score of BCCT.core
was dichotomized according to excellent or good and fair or
poor, and a binary variable was used in those statistical
analyses.
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A

B

C
Fig. 1. Cosmetic results by BCCT.core. Representative examples of excellent outcome (A), good outcome (B), and fair outcome
(C) are shown.

Results
Patients’ characteristics are summarized in Table 1. The
median age of the 51 patients was 54 years (range, 40 to 80
years). The majority of patients (76%) had T1 stage disease,
and 15 patients (29%) had axillary lymph node metastases.
Primary tumors were located in the upper outer quadrant in
29 patients (57%).

The cosmetic outcome of BCT measured using BCCT.core
software was rated as excellent in 10% of patients, good in
72%, and fair in 18%. None of the patients were rated as poor
outcome. The details of asymmetry scores are summarized
in Supplementary Table 1. The kappa value between scores
by BCCT.core and by patient self-assessment was 0.12, indicating slight agreement. Among the breast asymmetry
indices, the score for BRA, LBC, BCD, and BOD showed
significant correlation with the overall score (Table 2). In
VOLUME 48 NUMBER 2 APRIL 2016
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Table 1. Patient characteristics
Characteristic
T stage
Tis
T1
T2
T3
N stage
N0
N+
Nx
Locationa)
UOQ
UIQ
LOQ
LIQ
Central
Surgery
WE only
WE+SLNBx
WE+ALND
WE with nipple excision
Radiotherapy dose
WBRT 50.4 Gy
WBRT 50.4 Gy+boost 9-10 Gy
WBRT 50.4 Gy+boost 14.4-16 Gy
Radiotherapy technique
Tangential field
Tangential field with supraclavicular field
Chemotherapy
None
AC±D
CMF
Others
Total

No. (%)
5 (10)
39 (76)
6 (12)
1 (2)
32 (63)
15 (29)
4 (8)
29 (57)
12 (24)
4 (8)
2 (4)
3 (6)
4 (8)
30 (59)
14 (27)
3 (6)
8 (16)
39 (76)
4 (8)
41 (80)
10 (20)
22 (43)
18 (35)
7 (14)
4 (8)
51 (100)

UOQ, upper outer quadrant; UIQ, upper inner quadrant;
LOQ, lower outer quadrant; LIQ, lower inner quadrant;
WE, wide excision; SLNBx, sentinel lymph node biopsy;
ALND, axillary lymph node biopsy; WBRT, whole breast
radiotherapy; AC, cyclophosphamide and doxorubicin; D,
docetaxel; CMF, cyclophosphamide, methotrexate, and
5-fluorouracil. a)Available data only.

particular, the Pearson correlation score of LBC, which indicates the difference between the levels of the inferior breast
contours, was the highest (Pearson’s coefficient=0.552,
p < 0.001). However, none of the indices showed correlation
with the patients’ self-assessment.
Patients classified in the good to excellent group had
a lower maximum point dose within the breast than patients
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Table 2. Correlations between breast asymmetry indices
and overall cosmetic outcomes of BCCT.core and between
breast asymmetry indices and patients’ self-assessment
scores
BCCT.core
BRA
LBC
UNR
BCE
BCD
BAD
BOD

Patients’ self-assessment

Pearson

p-value

Pearson

p-value

0.278
0.552
0.219
0.204
0.390
0.245
0.438

0.048
< 0.001
0.122
0.151
0.005
0.084
0.001

0.233
–0.084
0.169
0.068
–0.082
0.065
–0.056

0.111
0.568
0.250
0.645
0.580
0.663
0.705

BRA, breast retraction assessment; LBC, lower breast contour; UNR, upward nipple retraction; BCE, breast compliance evaluation; BCD, breast contour difference; BAD,
breast area difference; BOD, breast overlap difference.

in the fair to bad group (110.2±1.5% vs. 111.6±1.7%, p=0.019)
(Table 3). The width of the tangential field was smaller in
patients who had a good or excellent outcome than in
patients with fair or bad results (8.0±1.1 cm vs. 8.6±0.7 cm),
but the length of the tangential field did not show significant
correlation with the cosmetic outcome.
Regarding surgical factors, large excised tissue volume
showed a trend toward worse cosmetic outcome (64.0±35.8
cm3 vs. 95.3±54.4 cm3, p=0.067), but excised skin area and
tumor volume were not significant factors for cosmetic
outcome.
Other factors including age, histologic type and other
histologic findings, tumor location, re-excision, menopause,
nipple excision, axillary lymph node dissection, chemotherapy regimen and other adjuvant therapies, and electron
boost did not show significant correlation with cosmetic
outcomes (Table 3).
Binary logistic regression analysis was performed using
maximum point dose within breast, width of tangential field,
and excised tissue volume as variables. Only Dmax was a
significant factor for breast cosmetic outcome with a risk
ratio of 1.697 (Table 4).

Discussion
With early detection of breast cancer and an increase in the
cure rate, the cosmetic aspect of breast cancer treatment is
becoming more important. The shift in the treatment para-
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Table 3. Univariate analysis for factors affecting the cosmetic outcome
Factor
Age (yr)
Menopause
Histology
DCIS
LCIS
IDC
ILC
Location of tumora)
UOQ
UIQ
LOQ
LIQ
Central
Longest diameter of tumor (cm)
Tumor volume (cm3)
Re-excision rate
Nipple excision rate
Axillary lymph node dissection rate
Excised tissue volume (cm3)
Excised skin area (cm2)
Chemotherapy regimen
Not done
AC±D
CMF
Others
Herceptin rate
Hormonal therapy rate
Length of tangential field (cm)
Width of tangential field (cm)
Dmax (%)
Electron boost
Not done
9-10 Gy
14.4-16 Gy
Supraclavicular field rate

No. of patients (%)

Cosmetic outcome by BCCT.core

p-value

Excellent or good (%)

Fair or bad (%)

31 (61)

54.8±9.3
24 (47)

57.5±6.9
5 (10)

0.601
0.723

9 (18)
1 (2)
39 (76)
2 (4)

7 (14)
1 (2)
33 (65)
1 (2)

2 (4)
0 (0)
6 (12)
1 (2)

0.589

29 (57)
12 (24)
4 (8)
2 (4)
3 (6)

24 (47)
11 (22)
3 (7)
2 (4)
2 (4)
1.6±0.8
3.4±4.4
38 (75)
2 (4)
11 (22)
64.0±35.8
6.1±3.1

5 (10)
1 (2)
1 (2)
0 (0)
1 (2)
2.0±1.5
8.8±18.6
8 (16)
1 (2)
3 (6)
95.3±54.4
14.1±9.8

0.763

46 (90)
3 (6)
14 (27)

0.635
0.561
0.884
0.663
0.067
0.294

22 (43)
18 (35)
7 (14)
4 (8)
3 (6)
11 (22)

18 (35)
16 (31)
4 (8)
4 (8)
2 (4)
9 (18)
18.1±1.7
8.0±1.1
110.2±1.5

4 (8)
2 (4)
3 (6)
0 (0)
1 (2)
2 (4)
18.4±1.6
8.6±0.7
111.6±1.7

0.217

8 (16)
39 (76)
4 (8)
41 (80)

7 (14)
31 (61)
4 (8)
33 (65)

1 (2)
8 (16)
0 (0)
8 (16)

0.542

0.463
0.958
0.790
0.034
0.019

0.479

DCIS, ductal carcinoma in situ; LCIS, lobular carcinoma in situ; IDC, infiltrative ductal carcinoma; ILC, infiltrative lobular
carcinoma; UOQ, upper outer quadrant; UIQ, upper inner quadrant; LOQ, lower outer quadrant; LIQ, lower inner quadrant;
AC, cyclophosphamide and doxorubicin; D, docetaxel; CMF, cyclophosphamide, methotrexate, and 5-fluorouracil; Dmax,
maximum dose within breast. a)Available data only.

digm from mastectomy to breast conserving treatment is
overwhelming, therefore, many studies now use cosmetic
outcome as a secondary endpoint. Several factors affecting
cosmetic outcome have been reported; however, most studies used subjective evaluation methods and few studies evaluating cosmetic outcome using objective tools such as
BCCT.core software have been reported.

In our study, when using BCCT.core as a method for evaluating the cosmetic outcome, the maximum point dose
within the breast was the only significant factor in multivariate analysis. The side effects of radiotherapy on breast tissue
include skin changes and responses of subcutaneous tissue
and parenchyma. The skin change usually resolves in
1-3 months; however, hypo- or hyper-pigmentation or fibroVOLUME 48 NUMBER 2 APRIL 2016
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Table 4. Multivariate analysis for factors affecting the cosmetic outcome
Factor
3

Excised tissue volume (cm )
Width of tangential field (cm)
Dmax (%)

Hazard ratio

95% CI

p-value

1.008
0.959
1.697

0.999-1.017
0.389-2.367
1.006-2.863

0.082
0.928
0.047

CI, confidential interval; Dmax, maximum dose within breast.

sis may persist for a longer period [11]. In this regard,
BCCT.core reflects not only breast symmetry but also objective measurement of pigmentation and scar, which are also
important factors in cosmetic outcome. Several radiotherapyrelated factors including dose homogeneity were reported to
affect cosmetic outcomes and dosimetric variables such as
Dmax (%) and percent volume of breast tissue receiving
the given dose have been used to evaluate dose homogeneity. Hepel et al. [12], who evaluated the influence of dosimetric variables on cosmetic outcomes of patients treated with
accelerated partial breast irradiation, reported that the
percent volume of breast tissue receiving 5% and 20% of the
prescription dose and maximum point dose showed correlation with the risk of fibrosis.
In this study, in univariate analysis, the width of the
tangential field was also a factor affecting cosmesis. Dose
inhomogeneity is usually related to a larger breast, and the
width of the field reflects the size of the breast, however it is
a relatively imprecise metric [13,14]. Intensity modulated
radiotherapy (IMRT), instead of the conventional 2D or 3D
technique, is performed in several institutes to improve dose
homogeneity and reduce the high-dose area in the treated
breast. Harsolia et al. [15], who compared late toxicities
between conventional whole breast irradiation and breast
IMRT, reported reduced hyperpigmentation and edema in
the IMRT arm. These trends were more significant in patients
with larger breasts. Better cosmetic outcome might be
achieved by efforts to minimize the undesirable high-dose
region within the breast [16].
Use of boost in WBRT is also an important issue. Randomized trials have shown that a boost to the surgical bed
improves local control; however, several studies reported
worse cosmetic outcome with boost radiotherapy [1,17].
Among patients who received a 25-Gy boost in the EORTC
10801 trial, 30% had a fair or poor cosmetic result at the
3-year follow up. The EORTC 22881/10882 trial also reported
significantly poor cosmetic results in patients who received
a boost of 16 Gy. In contrast, in the Lyon trial no difference
in self-assessed cosmesis was observed between the boost
and no boost group, although the fractionation of WBRT was
not conventional [18]. Taylor et al. [19] reported that use of
boost was not a significant factor of cosmetic outcome, while
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the whole breast dose was a significant factor. Several other
studies also reported that whole breast dose is more important than boost radiotherapy with respect to cosmetic outcome [20]. However, all of the above mentioned studies used
a subjective 4-point scale as a cosmesis evaluation tool, therefore an objective tool such as the BCCT.core should be used
for more accurate comparison in future studies.
In this study, although no patient- or tumor-related factors
showed correlation with cosmetic outcome, correlation of
some factors with cosmesis was reported in other studies.
Older age was reported as a worse predictive factor for cosmetic outcome in several studies [4,19,21]. In a study from
Washington University, cosmetic outcome scored by either
the patient or physician was worse in patients with age over
60 years (p=0.001), postmenopausal status (p=0.02), and
black race (p=0.0034). Tumor size did not show correlation
with breast cosmesis in our study; however, it was reported
as an important factor in several other studies [19,21].
Several surgical factors were also reported as significant
factors in previous studies. Pezner et al. [4], who evaluated
cosmetic outcome of patients who received BCT using the
BRA method, reported that patients who underwent extensive tumor resection had greater retraction than those who
underwent a more limited resection. Data from other institutes in Korea also identified the extent of tumor resection as
a significant factor in cosmetic outcome evaluated by the
physician using the subjective Harvard scale [22], and other
studies reported similar results [19,23]. In our study the
volume of resected tumor or post-surgical defects, which can
affect breast asymmetry after BCT, showed a marginal association with the cosmetic outcome by BCCT.core. Most
patients had a T1 tumor (76%); the primary tumor resection
was performed with relative uniformity by one surgeon,
with wide excision and a median resected volume of 61 cm3.
The high proportion of T1 tumors and relatively small tissue
volume with uniform surgical technique might explain why
only a trend towards an association was observed between
higher excised tissue volume and worse cosmetic outcome.
This study is a small retrospective study and the different
follow-up periods of the patients could be a limitation. The
small sample size of this study might be the reason for failure
to identify a correlation between several surgical and other

Tosol Yu, Objective Evaluation of Cosmetic Outcome

factors and the cosmetic results. Only a slight correlation was
observed between patient’s self-assessment and the overall
result of BCCT.core ($=0.12) and no significant correlation
was observed between patient’s self-assessment and the
seven quantitative values of breast asymmetry (Table 2).
Nonetheless, some of the asymmetry scores showed a negative relationship with the patients’ assessment. As demonstrated by these results, subjective assessment of cosmetic
outcome may not necessarily agree with the objective scores,
therefore cosmetic assessment may need to be compensated
and validated for both the patient-reported and objective tool
in order to achieve more consistent and significant results.
The patient-reported cosmetic outcome was not assessed
using a validated written questionnaire, but by a conversation with researchers not involved in treatment of patients.
This may cause the subjective outcome to show slight correlation with the result of BCCT.core and the subjective assessment should be compensated in future trials.
Because patients were enrolled during their follow up after
completion of treatment, we did not have pre-treatment photographs that could be used for comparison. We are currently
conducting a prospective study using BCCT.core software
for evaluation of cosmesis before and after radiotherapy with
a defined follow-up period. These prospective data will
provide more reliable information on factors affecting
cosmetic outcome assessed by objective tools of the BCCT.
core software.

Conclusion
Our results show that objective measurement of cosmetic
outcome of BCT using the BCCT.core software is feasible,
and further suggest that the cosmetic outcome of BCT may
be affected by the maximum radiation dose within the breast.

Electronic Supplementary Material
Supplementary materials are available at Cancer Research
and Treatment website (http://www.e-crt.org).

Conflicts of Interest
Conflict of interest relevant to this article was not reported.

Acknowledgments
This work was supported by grant (No. 11-2011-014) from
the SNUBH Research Fund and the grant (No. 0820010) for
Cancer Control Program from Korean Ministry of Health &
Welfare to In Ah Kim.

References
1. van Dongen JA, Bartelink H, Fentiman IS, Lerut T, Mignolet
F, Olthuis G, et al. Randomized clinical trial to assess the value
of breast-conserving therapy in stage I and II breast cancer,
EORTC 10801 trial. J Natl Cancer Inst Monogr. 1992;(11):15-8.
2. Harris JR, Levene MB, Svensson G, Hellman S. Analysis of cosmetic results following primary radiation therapy for stages I
and II carcinoma of the breast. Int J Radiat Oncol Biol Phys.
1979;5:257-61.
3. Cardoso MJ, Santos AC, Cardoso J, Barros H, Cardoso De
Oliveira M. Choosing observers for evaluation of aesthetic
results in breast cancer conservative treatment. Int J Radiat
Oncol Biol Phys. 2005;61:879-81.
4. Pezner RD, Patterson MP, Hill LR, Vora N, Desai KR, Archambeau JO, et al. Breast retraction assessment: an objective evaluation of cosmetic results of patients treated conservatively
for breast cancer. Int J Radiat Oncol Biol Phys. 1985;11:575-8.

5. Vrieling C, Collette L, Bartelink E, Borger JH, Brenninkmeyer
SJ, Horiot JC, et al. Validation of the methods of cosmetic
assessment after breast-conserving therapy in the EORTC
"boost versus no boost" trial. EORTC Radiotherapy and Breast
Cancer Cooperative Groups. European Organization for
Research and Treatment of Cancer. Int J Radiat Oncol Biol
Phys. 1999;45:667-76.
6. Heil J, Carolus A, Dahlkamp J, Golatta M, Domschke C,
Schuetz F, et al. Objective assessment of aesthetic outcome
after breast conserving therapy: subjective third party panel
rating and objective BCCT.core software evaluation. Breast.
2012;21:61-5.
7. Preuss J, Lester L, Saunders C. BCCT.core: can a computer
program be used for the assessment of aesthetic outcome after
breast reconstructive surgery? Breast. 2012;21:597-600.
8. Cardoso JS, Cardoso MJ. Towards an intelligent medical
VOLUME 48 NUMBER 2 APRIL 2016

497

Cancer Res Treat. 2016;48(2):491-498

system for the aesthetic evaluation of breast cancer conservative treatment. Artif Intell Med. 2007;40:115-26.
9. Cardoso MJ, Cardoso J, Amaral N, Azevedo I, Barreau L,
Bernardo M, et al. Turning subjective into objective: the
BCCT.core software for evaluation of cosmetic results in breast
cancer conservative treatment. Breast. 2007;16:456-61.
10. Heil J, Dahlkamp J, Golatta M, Rom J, Domschke C, Rauch G,
et al. Aesthetics in breast conserving therapy: do objectively
measured results match patients' evaluations? Ann Surg
Oncol. 2011;18:134-8.
11. Halperin EC, Wazer DE, Perez CA, Brady LW. Perez and
Brady's principles and practice of radiation oncology. 6th ed.
Philadelphia, PA: Lippincott Williams and Wilkins; 2012.
p. 1808.
12. Hepel JT, Tokita M, MacAusland SG, Evans SB, Hiatt J, Price
L, et al. Toxicity of 3D-CRT for accelerated partial breast irradiation. Int J Radiat Oncol Biol Phys. 2008;72:S5.
13. Neal AJ, Torr M, Helyer S, Yarnold JR. Correlation of breast
dose heterogeneity with breast size using 3D CT planning and
dose-volume histograms. Radiother Oncol. 1995;34:210-8.
14. Moody AM, Mayles WP, Bliss JM, A'Hern RP, Owen JR, Regan
J, et al. The influence of breast size on late radiation effects and
association with radiotherapy dose inhomogeneity. Radiother
Oncol. 1994;33:106-12.
15. Harsolia A, Kestin L, Grills I, Wallace M, Jolly S, Jones C, et al.
Intensity-modulated radiotherapy results in significant
decrease in clinical toxicities compared with conventional
wedge-based breast radiotherapy. Int J Radiat Oncol Biol
Phys. 2007;68:1375-80.
16. Donovan E, Bleakley N, Denholm E, Evans P, Gothard L, Hanson J, et al. Randomised trial of standard 2D radiotherapy (RT)
versus intensity modulated radiotherapy (IMRT) in patients
prescribed breast radiotherapy. Radiother Oncol. 2007;82:

498

CANCER RESEARCH AND TREATMENT

254-64.
17. Vrieling C, Collette L, Fourquet A, Hoogenraad WJ, Horiot JC,
Jager JJ, et al. The influence of the boost in breast-conserving
therapy on cosmetic outcome in the EORTC "boost versus no
boost" trial. EORTC Radiotherapy and Breast Cancer Cooperative Groups. European Organization for Research and Treatment of Cancer. Int J Radiat Oncol Biol Phys. 1999;45:677-85.
18. Romestaing P, Lehingue Y, Carrie C, Coquard R, Montbarbon
X, Ardiet JM, et al. Role of a 10-Gy boost in the conservative
treatment of early breast cancer: results of a randomized
clinical trial in Lyon, France. J Clin Oncol. 1997;15:963-8.
19. Taylor ME, Perez CA, Halverson KJ, Kuske RR, Philpott GW,
Garcia DM, et al. Factors influencing cosmetic results after
conservation therapy for breast cancer. Int J Radiat Oncol Biol
Phys. 1995;31:753-64.
20. Hau E, Browne LH, Khanna S, Cail S, Cert G, Chin Y, et al.
Radiotherapy breast boost with reduced whole-breast dose is
associated with improved cosmesis: the results of a comprehensive assessment from the St. George and Wollongong
randomized breast boost trial. Int J Radiat Oncol Biol Phys.
2012;82:682-9.
21. Whelan TJ, Pignol JP, Levine MN, Julian JA, MacKenzie R,
Parpia S, et al. Long-term results of hypofractionated radiation
therapy for breast cancer. N Engl J Med. 2010;362:513-20.
22. Kim B, Shin SS, Kim SD, Noh DY, Ha SW. Cosmetic results of
conservative treatment for early breast cancer. J Korean Soc
Ther Radiol Oncol. 2011;19:21-6.
23. Van Limbergen E, Rijnders A, van der Schueren E, Lerut T,
Christiaens R. Cosmetic evaluation of breast conserving treatment for mammary cancer. 2. A quantitative analysis of the
influence of radiation dose, fractionation schedules and
surgical treatment techniques on cosmetic results. Radiother
Oncol. 1989;16:253-67.

pISSN 1598-2998, eISSN 2005-9256
http://dx.doi.org/10.4143/crt.2015.089

Cancer Res Treat. 2016;48(2):499-507

Open Access

Original Article

Circulating Plasma Biomarkers for TSU-68, an Oral Antiangiogenic
Agent, in Patients with Metastatic Breast Cancer

Purpose
This study analyzed the role of plasma biomarkers for TSU-68 in a previous phase II trial
comparing TSU-68 plus docetaxel and docetaxel alone in patients with metastatic breast
cancer.
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Materials and Methods
A total of 77 patients were eligible for this study (38#in the TSU-68 plus docetaxel arm and
39 in the docetaxel alone arm). Blood samples were collected prior to the start of each
cycle, and vascular endothelial growth factor (VEGF), platelet-derived growth factor (PDGF)AA, -AB, -BB, fibroblast growth factor, M30, C-reactive protein (CRP), and interleukin 6 (IL-6)
levels were measured using enzyme linked immunosorbent assay. The primary endpoint
was progression-free survival (PFS).
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Results
In patients with baseline PDGF-AA ! median, median PFS was significantly worse in the TSU68 plus docetaxel group than in the docetaxel alone group (5.4 months vs. 13.7 months,
p=0.049), while a trend toward a PFS benefit was observed in those with baseline PDGFAA < median (9.7 months vs. 4.0 months, p=0.18; p for interaction=0.03). In the TSU-68
plus docetaxel group, PFS showed significant association with fold changes in CRP
(p=0.001), IL-6 (p < .001), PDGF-BB (p=0.02), and VEGF (p=0.047) following the first treatment cycle.
Conclusion
Baseline PDGF-AA levels and dynamics of VEGF, PDGF-BB, CRP, and IL-6 levels were predictive for the efficacy of TSU-68.
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Introduction
Angiogenesis is a fundamental event in breast cancer
growth and metastasis [1], and therefore has been a major
target in development of new agents for breast cancer. A
number of types of antiangiogenic agents have been investigated in phase III trials in patients with advanced breast cancer [2]. Of these, oral small-molecule multikinase agents,
which inhibit diverse angiogenesis targets, including vascular endothelial growth factor receptor (VEGFR) and plateletderived growth factor receptor (PDGFR), have been widely
investigated, although their role in management of breast
cancer has yet to be established.
TSU-68 (orantinib), a novel oral antiangiogenic multikinase
agent, selectively inhibits VEGFR-2, PDGFR, and fibroblast
growth factor receptor (FGFR) [3]. Based on promising
results from multiple single-arm phase II trials of TSU-68 in
patients with breast cancer [4,5], we previously conducted a
randomized phase II trial comparing the combination of
TSU-68 and docetaxel with docetaxel monotherapy in
patients with metastatic breast cancer in whom anthracycline
therapy had failed [6].
In the era of targeted therapy, the role of biomarkers has
become increasingly important for selection of patients who
will benefit most, as the magnitude of benefit from each
agent varies among patients. A number of antiangiogenic
agents have been approved for management of various types
of cancers, although the role of biomarkers remains to be
clearly demonstrated for these agents. However, previous
studies have suggested the potential value of soluble plasma
proteins as pharmacodynamic and predictive biomarkers for
antiangiogenic agents [7]. Based on these findings, an
exploratory translational study was incorporated into a randomized phase II trial of TSU-68. Candidate markers related
to angiogenesis, apoptosis, and inflammation were analyzed
for the pharmacodynamics of TSU-68 and prediction of clinical outcomes in breast cancer patients treated with TSU-68–
containing chemotherapy. Here, we report on the results of
this biomarker analysis of TSU-68 in patients with metastatic
breast cancer.

Materials and Methods
1. Patients, treatment, and outcome
This study was an exploratory analysis of a multicenter
randomized phase II trial comparing TSU-68 plus docetaxel
with docetaxel alone in patients with metastatic breast cancer
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who had previously received therapy with an anthracyclinecontaining regimen. Eligible patients were randomized at a
1:1 ratio to receive either docetaxel 60 mg/m2 on day 1 plus
TSU-68 400 mg/m2 on days 1-21 every 3 weeks or docetaxel
60 mg/m2 alone on day 1 every 3 weeks. The primary endpoint was progression-free survival (PFS) by independent
review. The details of this study have been published elsewhere [6].
In brief, between November 2006 and December 2007, 77
patients were eligible for analysis (38&for TSU-68 plus docetaxel and 39 for docetaxel alone). The median PFS was 6.8
months (95% confidence interval [CI], 5.4 to 12.5 months) in
the TSU-68 plus docetaxel group and 8.1 months (95% CI, 4.0
to 13.7 months) in the docetaxel-alone group (hazard ratio,
1.0; 95% CI, 0.6 to 1.8; p=0.95). No significant differences in
the overall response rates and overall survival were observed
between groups (p=0.29 and p=0.42, respectively). In subgroup analyses for prespecified patient groups (anthracycline sensitive/resistant, prior taxanes/non-prior taxanes,
estrogen receptor positive/negative, progesterone receptor
positive/negative, HER2 positive/negative, triple negative),
no differences in PFS was observed across all subgroups
between arms. This study was approved by the institutional
review boards of each participating institution and conducted in accordance with the Declaration of Helsinki and
Good Clinical Practice guidelines. All participants provided
written informed consent before enrollment.
2. Plasma collection and enzyme-linked immunosorbent
assay assays
Blood samples were collected at baseline and prior to the
start of each cycle for evaluation of potential TSU-68 biomarkers. Plasma levels of angiogenesis-related factors (vascular endothelial growth factor [VEGF], platelet-derived
growth factor [PDGF]-AA, PDGF-AB, PDGF-BB, and fibroblast growth factor [FGF]), apoptosis markers (caspasecleaved fragment of cytokeratin 18 [M30]), and inflammatory
markers (C-reactive protein [CRP] and interleukin [IL]-6)
were measured using an enzyme-linked immunosorbent
assay according to the manufacturer’s instructions (R&D Systems, Minneapolis, MN).
The pharmacodynamics of TSU-68 was assessed by estimation of fold changes in plasma biomarker concentration
from baseline to each cycle of the study treatment and their
maximal changes during the entire study course. For correlative analysis of candidate plasma biomarkers, baseline
plasma concentration and fold changes from baseline to
the end of the first cycle of the study treatment were dichotomized according to the median values. In the patient subgroup categorized by baseline biomarker levels, PFSs were
compared between the two arms to evaluate the impact of
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Table 1. Baseline characteristics
Characteristic
Age, median(range, yr)
ECOG performance status
0
1-2
Menopausal status
Premenopausal
Postmenopausal
Anthracycline sensitivity
Resistant
Sensitive
HER2 status (IHC or FISH)
Positive
Negative
Estrogen receptor status
Positive
Negative
Progesterone receptor status
Positive
Negative
Previous therapy
Surgery
Hormonal therapy
Radiotherapy
Chemotherapy
Anthracycline
Taxanes

TSU-68+docetaxel (n=38)

Docetaxel (n=39)

p-value

52 (25-68)

50 (30-73)

0.57

21 (55)
17 (45)

19 (49)
20 (51)

0.65

11 (29)
27 (71)

16 (41)
23 (59)

0.34

13 (34)
25 (66)
33 (
6 (16)
27 (71)
37 (
26 (70)
11 (30)
37 (
20 (54)
17 (46)

12 (31)
27 (69)
39 (
5 (13)
34 (87)
39 (
20 (51)
19 (49)
39 (
17 (44)
22 (56)

0.81

34 (90)
25 (66)
21 (55)

38 (97)
23 (59)
26 (67)

0.20
0.64
0.35

38 (100)
8 (21)

39 (100)
8 (21)

0.74

0.11

0.49

> 0.99
> 0.99

Values are presented as number (%). ECOG, Eastern Cooperative Oncology Group; IHC, immunohistochemistry; FISH, fluorescence in situ hybridization.

baseline biomarker levels on the benefit of TSU-68. Analysis
of fold changes in plasma biomarker concentrations from
baseline across study treatment cycles was performed to
determine the relationship with PFS in each treatment arm.

using baseline biomarker levels, and fold changes after the
first cycle of study treatment. A p-value of < 0.05 was considered statistically significant, and all analyses were performed using SPSS ver. 18.0 (SPSS Inc., Chicago, IL).

3. Statistical analysis
The chi-square test or Fisher exact test was used to determine the association between categorical variables, as appropriate. Log-transformation of the plasma biomarker concentration was performed for comparison. Comparisons of the
means of biomarker-related variables between treatment
groups and within groups were performed using the Student’s t test and Wilcoxon rank sum tests, respectively. The
Kaplan-Meier method was used for estimation of the probability of survival, with comparison using a log-rank test. PFS
was defined as the time between randomization and disease
progression or death from any cause, whichever occurred
first. Correlation analyses in terms of PFS were performed

Results
1. Baseline plasma biomarker levels
Blood samples at baseline were available for all patients
included in the phase II trial (38 for TSU-68 plus docetaxel
and 39 for docetaxel alone). There were no significant differences in the baseline characteristics between the two groups
(Table 1). The baseline levels of plasma biomarkers in the
TSU-68 plus docetaxel and docetaxel-alone groups are summarized in Table 2. There were no significant differences in
VOLUME 48 NUMBER 2 APRIL 2016
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the baseline plasma concentrations of biomarkers between
the two treatment arms (Table 2, Fig. 1).
2. Plasma biomarker dynamics with study treatment
Maximal changes from baseline values were calculated for
each biomarker using all evaluated values during serial
measurements. Estimation and comparison of the ratios of
the geometric mean of maximal biomarker changes in the
TSU-68 plus docetaxel group to those in the docetaxel-alone
group was performed to assess the magnitude of maximal
changes in biomarkers according to the treatment arm
(Fig. 2). However, no significant differences in the maximal
changes in plasma levels of all evaluated biomarkers were
observed between the two arms: CRP (ratio, 1,45; p=0.52),
FGF (0.97; p=0.89), IL-6 (0.88; p=0.80), M30 (0.80; p=0.34),
PDGF-AA (1.18; p=0.08), PDGF-AB (1.06; p=0.68), PDGF-BB
(0.73; p=0.11), and VEGF (0.87; p=0.34).
The fold changes after the first cycle of study treatment for
each biomarker are summarized in Table 2. In the TSU-68
plus docetaxel group, the levels of CRP (median fold change,
1.5; p=0.002), PDGF-AA (1.3; p < 0.001), PDGF-AB (1.1;
p=0.003), and VEGF (1.1; p=0.001) were significantly increased at the end of the first cycle compared to those at baseline. In the docetaxel-alone group, there was a significant
increase only in VEGF level (1.2; p=0.002).
3. Baseline plasma biomarkers as a predictive factor
In each subgroup categorized by the baseline biomarker
levels (< median vs. " median), PFS was compared between
the TSU-68 plus docetaxel group and the docetaxel-alone
group. In patients with low baseline PDGF-AA levels,
patients treated with TSU-68 plus docetaxel had significantly
worse median PFS than those treated with docetaxel alone
(5.4 months [95% CI, 2.1 to 8.6 months] vs. 13.7 months [95%
CI, 5.5 to 21.9 months]; p=0.049), whereas a trend toward a
benefit on PFS was observed in the TSU-68 plus docetaxel
group compared with the docetaxel-alone group in patients
with high baseline PDGF-AA levels (9.7 months [95% CI, 4.2
to 15.2 months] vs. 4.0 months [95% CI, 0.0 to 8.3 months];
p=0.18) (Fig. 3). There was a significant interaction between
the PFS benefit of TSU-68 and baseline PDGF-AA levels
(p=0.03). Otherwise, no difference in PFS was observed
between the two arms for all other comparisons in subgroups
categorized by the baseline levels of all other candidate biomarkers (p > 0.1).
4. Correlation between biomarker dynamics and PFS
The association between the dynamics of plasma biomarkers and PFS was assessed in each treatment arm. For each
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biomarker, patients were grouped based on the median fold
change from baseline to the end of the first cycle of the study
treatment (< median vs. " median). In patients treated with
the combination of TSU-68 and docetaxel, PFS showed significant association with fold changes in CRP (p=0.001), IL-6
(p < 0.001), PDGF-BB (p=0.02), and VEGF (p=0.047) following the first treatment cycle (Fig. 4). For all of these four biomarkers, patients with high fold changes had a better median
PFS than those with low fold changes: CRP (15.8 months
[95% CI, 8.4 to 23.2 months] vs. 5.4 months [95% CI, 1.1 to 9.6
months]), IL-6 (18.9 months [95% CI, 2.3 to 35.6 months] vs.
4.8 months [95% CI, 1.5 to 8.1 months]), PDGF-BB (12.5
months [95% CI, 6.0 to 19.0 months] vs. 5.4 months [95% CI,
3.7 to 7.1 months]), and VEGF (15.8 months [95% CI, 3.2 to
28.4 months] vs. 5.4 months [95% CI, 3.8 to 6.9 months]). In
patients included in the docetaxel-alone arm, however, PFS
was not related to the dynamics of all tested biomarkers after
the first cycle: CRP (p=0.41), FGF (p=0.99), IL-6 (p=0.16), M30
(p=0.30), PDGF-AA (p=0.73), PDGF-AB (p=0.95), PDGF-BB
(p=0.36), and VEGF (p=0.80).

Discussion
In our current study, we found that the activity of TSU-68,
which inhibits VEGFR-2, PDGFR, and FGFR, might be
affected by baseline plasma PDGF-AA levels. The dynamics
of circulating soluble proteins that reflect angiogenesis and
tumor microenvironmental status showed correlation with
PFS in patients treated with TSU-68, but not in those who
received cytotoxic chemotherapy alone. Our findings have
implications for the clinical development of TSU-68 and the
identification of potential biomarkers for TSU-68.
The combination of TSU-68 and docetaxel induced significant increases in the levels of CRP, PDGF-AA, PDGF-AB,
and VEGF at the end of the first cycle compared to those at
baseline, while VEGF was the only marker showing a significant increase with docetaxel. However, in comparison of the
maximal magnitude of changes in biomarkers during the
serial measurements, no significant difference in any biomarker was observed between the two groups. Previous
studies have reported conflicting results regarding the pharmacodynamic effects of TSU-68 [4,5,8]. In several studies, no
significant changes in angiogenesis-related plasma proteins
were observed after treatment with TSU-68 [4,5]. Although
a previous pharmacodynamic analysis of colorectal cancer
patients treated with TSU-68 in combination with fluoropyrimidine and oxaliplatin reported a significant decrease in
the PDGF series (PDGF-AA, AB, and BB) [8], it is unlikely
that this result reflects the pharmacodynamic features of
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Table 2. Levels of biomarkers at baseline and their fold changes after cycle 1 of study treatment
Baseline level
Characteristic
CRP (mg/dL)
FGF (pg/mL)
IL-6 (pg/mL)
M30 (U/L)
PDGF-AA (pg/mL)
PDGF-AB (pg/mL)
PDGF-BB (pg/mL)
VEGF (pg/mL)

Docetaxel,
TSU-68+docetaxel,
mean±SD
mean±SD
1.36±2.59
1.09±2.32
6.53±3.97
6.53±3.99
7.82±13.72
3.63±4.29
366.89±614.59
486.49±1,366.17
3,287.00±1,327.31
3,577.89±1,574.69
24,534.03±10,548.00 25,764.36±9,447.64
2,799.00±1,463.33
2,567.10±1,640.16
435.86±361.51
388.27±238.25

Fold change after cycle 1
Docetaxel,
median (IQR)
1.2 (0.3-4.9)
1.0 (0.9-1.3)
0.6 (0.3-1.2)
0.9 (0.7-1.2)
1.1 (0.9-1.3)
1.0 (0.9-1.2)
1.0 (0.8-1.3)
1.2 (0.9-1.4)

p-value
0.29
0.95
0.30
0.88
0.43
0.49
0.31
0.81

p-valuea)
0.1
0.33
0.23
0.22
0.09
0.99
0.84
0.002

TSU-68+docetaxel,
median (IQR)
1.5 (0.7-6.8)
1.0 (0.9-1.3)
0.7 (0.3-1.5)
0.9 (0.5-1.1)
1.3 (1.0-1.4)
1.1 (0.9-1.4)
1.1 (0.8-1.3)
1.1 (1.0-1.5)

p-valuea)
0.002
0.52
0.52
0.09
< 0.001
0.003
0.28
0.001

1.0

0.0

0.8

–1.0

0.6
0.4

–1.5

0.2

–2.0

0.0

–2.5

–0.2

DTX

DTX+
TSU-68
Treatment
t test: p=0.285

4.0
3.9

4.7
4.6

3.8
3.7
3.6

4.5
4.4
4.3

3.5
3.4
3.3
3.2
3.1

DTX

DTX+
TSU-68
Treatment
t test: p=0.433

0.0

DTX

DTX+
TSU-68
Treatment
t test: p=0.952

DTX

DTX+
TSU-68
Treatment
t test: p=0.485

2.5

1.5

DTX

DTX+
TSU-68
Treatment
t test: p=0.302

4.1
4.0
3.9
3.8
3.7
3.6
3.5
3.4
3.3
3.2
3.1
3.0
2.9
2.8

3.0

2.0

–1.0

4.2
4.1
4.0
3.9
3.8

0.5

–0.5

log (PDGF-BB)

–0.5

3.5

1.0
log (M30)

1.2

0.5

DTX

DTX+
TSU-68
Treatment
t test: p=0.875

3.4
3.2
3.0
log (VEGF)

1.0

4.0

1.5

log (IL-6)

1.4

log (FGF)

1.5

log (PDGF-AB)

log (PDGF-AA)

log (CRP)

SD, standard deviation; IQR, interquartile range; CRP, C-reactive protein; FGF, fibroblast growth factor; IL, interleukin;
PDGF, platelet-derived growth factor; VEGF, vascular endothelial growth factor. a)Difference between the levels at baseline
and after cycle 1 within the study group.

2.8
2.6
2.4
2.2
2.0

DTX

DTX+
TSU-68
Treatment
t test: p=0.311

1.8

DTX

DTX+
TSU-68
Treatment
t test: p=0.810

Fig. 1. Baseline levels of candidate plasma biomarkers between treatment arms. CRP, C-reactive protein; FGF, fibroblast
growth factor; IL, interleukin; PDGF, platelet-derived growth factor; VEGF, vascular endothelial growth factor; DTX, docetaxel.
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0
–1
–2

0
–1
–2

1
0
–1
–2

0
–1
–2

DTX+
TSU-68
Treatment
t test: p=0.795, Ratio=0.88

DTX+
TSU-68
Treatment
t test: p=0.341, Ratio=0.80

2

2

2

2

1
0
–1
–2
DTX

DTX+
TSU-68
Treatment
t test: p=0.078, Ratio=1.18

DTX

1
0
–1
–2
DTX

DTX+
TSU-68
Treatment
t test: p=0.676, Ratio=1.06

DTX

log (max change (VEGF))

DTX+
TSU-68
Treatment
t test: p=0.893, Ratio=0.97

log (max change (PDGF-BB))

DTX

1

DTX+
TSU-68
Treatment
t test: p=0.515, Ratio=1.45

log (max change (PDGF-AB))

DTX

log (max change (PDGF-AA))

1

2
log (max change (M30))

1

2
log (max change (IL-6))

2
log (max change (FGF))

log (max change (CRP))

2

1
0
–1
–2
DTX

DTX+
TSU-68
Treatment
t test: p=0.109, Ratio=0.73

1
0
–1
–2
DTX

DTX+
TSU-68
Treatment
t test: p=0.335, Ratio=0.87

Fig. 2. Maximal fold changes in candidate plasma biomarkers during the entire study course between treatment arms.
Ratio=(Geometric mean of maximal fold changes in the TSU-68 plus docetaxel group)/(Geometric mean of maximal fold
changes in the docetaxel-alone group). CRP, C-reactive protein; FGF, fibroblast growth factor; IL, interleukin; PDGF, plateletderived growth factor; VEGF, vascular endothelial growth factor; DTX, docetaxel.

TSU-68 itself. Although it is possible that docetaxel confounded the effect of TSU-68 in our study, due to the randomized design of this trial, we were able to evaluate the
pharmacodynamic impact of the addition of TSU-68 to docetaxel monotherapy. The limited impact of TSU-68 on pharmacodynamic markers in many trials, including ours,
suggests that the current dose and schedule for TSU-68 may
not be optimal to induce significant target inhibition and clinical efficacy.
In our primary analysis of this randomized phase II trial,
TSU-68 plus docetaxel did not demonstrate superiority to
docetaxel alone in terms of PFS [6]. In addition, when
patients were categorized by clinical factors, including hormone receptors, HER-2 overexpression, and resistance to
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previous therapy, there was no subgroup benefit from combination therapy.
In our subanalysis of biomarker for TSU-68, we found that
the efficacy of TSU-68 may depend on the pretreatment
plasma concentration of PDGF-AA. The addition of TSU-68
appears to be associated with improved PFS in patients with
low baseline PDGF-AA levels. However, a detrimental effect
of TSU-68 was observed in patients with high baseline
PDGF-AA levels, which contrasts with the expectation that
PDGFR inhibition by TSU-68 may be more effective in
patients with PDGF overexpression. This finding seems to
be in line with the results of a previous randomized phase II
study that compared TSU-68 with observation in patients
with hepatocellular carcinoma [9]. Although the result was
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Progression-free survival (%)

100

Baseline PDGF-AA
DTX plus TSU-68 < Median
DTX plus TSU-68 ≥ Median
DTX alone < Median
DTX alone ≥ Median

80
60

Interaction p=0.03

40
20

0

0

10

20
Time (mo)

30

40

Fig. 3. Progression-free survival according to the baseline
plasma platelet-derived growth factor-AA (PDGF-AA)
levels. DTX, docetaxel.

not statistically significant, patients who received TSU-68
had a numerically longer PFS than those included in the
observation arm in the subgroup with low baseline PDGFAA levels, whereas this trend was reversed in patients with
high baseline PDGF-AA levels.
Until recently, investigation of the predictive role of circulating dimeric PDGF isoforms for antiangiogenic agents has
been limited. Dimeric PDGF isoforms primarily induce
paracrine stimulation of stromal fibroblasts and perivascular
cells and also activate autocrine signaling for the proliferation of tumors [10]. However, the mechanism of the interaction between PDGF-AA and TSU-68 efficacy is unclear and
will have to be defined in future studies. In many clinical trials for unselected patients with various types of cancer, TSU68 has not demonstrated a significant improvement in clinical outcomes [6,9,11]. Although the implication of PDGFAA as a predictive factor for TSU-68 should be validated in
a large patient population, our results indicate that further
investigations of TSU-68 for patients with relatively low
expression of PDGF-AA will be necessary.
Monitoring of the dynamics of circulating protein biomarkers may provide the opportunity to predict clinical outcomes as well as achieve a better understanding of the
mechanism of action of investigational drugs. In our current
study, the dynamics of CRP, IL-6, PDGF-BB, and VEGF levels showed significant association with PFS in patients
treated with TSU-68 plus docetaxel. This result confirms that
the activity of TSU-68 is driven by the inhibition of angiogenesis and by its impact on the tumor microenvironment.

The relationship between the dynamics of plasma biomarkers and PFS was not seen in patients who received docetaxel
monotherapy, thus the significance of our finding appears
quite robust. A greater increase above the median in plasma
VEGF (a median fold increase of 1.1) and PDGF-BB (1.1) following TSU-68 plus docetaxel was associated with better
PFS. Given that inhibition of VEGFR and PDGFR results in a
reactive increase in plasma VEGF and PDGF-BB [4,12], this
result may indicate that stronger VEGFR and PDGFR inhibition leads to a better PFS with TSU-68 treatment.
IL-6 is a proinflammatory marker and CRP is a wellknown indicator of inflammatory status [13,14]. Patients with
fold changes above the median in CRP (the median of 1.5)
and IL-6 (0.7) after treatment with TSU-68 had improved
clinical outcomes in terms of PFS compared with those who
showed less increased or decreased CRP and greater decrease of IL-6, respectively. Increases in these inflammatory
markers can be regarded as a consequence of therapyinduced inflammation [13]. Death of cancer cells from anticancer treatment induces the release of necrotic products,
leading to stimulation of cytokine-producing inflammatory
cells. Currently, it is unclear whether therapy-induced inflammation is beneficial or harmful in cancer treatment [13].
The inflammation may stimulate residual cancer cells and
help in regrowth via the activation of prosurvival genes;
however, inflammation may also lead to activation of adaptive anti-tumor immune responses due to the increased presentation of tumor antigens. Further investigations will be
needed in order to elucidate the effects of the dynamics of
these biomarkers, which reflect the status of the tumor
microenvironment, on the efficacy of antiangiogenic agents.
There are several limitations to our current study. Although the randomized design of this trial enabled comparisons
of the impact of candidate biomarkers for TSU-68, our analysis was based on a small number of patients, limiting the ability of the multivariate analysis to adjust for potential
confounding effects.

Conclusion
Results of our current exploratory analysis suggested that
the baseline plasma concentration of PDGF-AA might be predictive of the efficacy of antiangiogenic agents, including
TSU-68. As the addition of TSU-68 was detrimental in
patients with high baseline PDGF-AA levels, this association
should be validated in future studies and considered in the
design of trials for the clinical development of TSU-68. A significant relationship between PFS with TSU-68 treatment and
the dynamics of VEGF, PDGF-BB, CRP, and IL-6 confirmed
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< Median
≥ Median

CRP p=0.001

80

Progression-free survival (%)

Progression-free survival (%)
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0

B

0
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20

IL-6 p < 0.001

80
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0
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0
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Time (mo)
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Time (mo)

C
100

< Median
≥ Median

PDGF-BB p=0.02

80

Progression-free survival (%)

Progression-free survival (%)

100

60
40
20

0

D

0

10

20

30

Time (mo)

< Median
≥ Median

VEGF p=0.047

80
60
40
20

0

0

10

20
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Time (mo)

Fig. 4. (A-D) Association between progression-free survival and changes in plasma biomarkers from baseline to the end of
the first cycle of the study treatment in the TSU-68 plus docetaxel group. CRP, C-reactive protein; IL, interleukin; PDGF,
platelet-derived growth factor; VEGF, vascular endothelial growth factor.

that the efficacy of TSU-68 is due in part to the inhibition of
angiogenesis/lymphangiogenesis as well as the inflammatory reaction, and also suggested that interim monitoring of
these markers may be useful for prediction of outcomes.
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Purpose
The purpose of this study is to assess the utility of positron emission tomography (PET) for
predicting recurrence among patients with T1-T2/N1 breast cancer who were treated with
mastectomy.
Materials and Methods
Of 712 consecutive patients with T1-T2/N1 breast cancer treated during 2003-2012, 109
had undergone preoperative 18F-fluorodeoxyglucose/PET and were included. Metabolic
(maximum standardized uptake value [SUVmax]), volumetric (metabolic tumor volume [MTV]),
and combined (total lesion glycolysis [TLG]) indices were measured. The resulting values
were analyzed and compared with clinical outcome.
Results
At the median follow-up of 46.7 months, the 3-year relapse-free survival (RFS) rate was
95.2%. SUVmax (area under curve, 0.824) was more useful than MTV or TLG as a means of
identifying patients at high risk for any recurrence. In multivariate analysis, SUVmax remained
an independent risk factor for RFS (p=0.006). Using the method of Contal and O’Quigley,
a SUVmax threshold of 5.36 showed the best predictive performance. The PET-based highrisk group (! 5.36 in either breast or nodes) had more T1c-T2, high-grade, hormone-receptor
negative, and invasive ductal carcinoma tumors than the low-risk group (< 5.36 in both
breast and nodes). The prognosis was much worse when high SUVmax (! 5.36) was detected
in nodes (p < 0.001). In the no-radiotherapy cohort, the PET-based high-risk group had
increased risk of locoregional recurrence when compared to the low-risk group (p=0.037).
Conclusion
High SUVmax on preoperative PET showed association with elevated risk of locoregional
recurrence and any recurrence. Pre-treatment PET may improve assessments of recurrence
risk and clarify indications for post-mastectomy radiotherapy in this subset of patients.

Introduction
The results of meta-analyses by the Early Breast Cancer
Trialists’ Collaborative Group (EBCTCG) showed that postmastectomy radiotherapy (PMRT) reduced the risks of recur-
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rence and cancer death [1]. Updated studies confirmed benefits of PMRT in patients with N1 disease, irrespective of the
use of systemic therapy and axillary dissection [2,3]. When
using modern treatment approaches, accurate identification
of high-risk patients for PMRT while sparing the remaining
patients from potentially unnecessary and costly therapy,
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│ http://www.e-crt.org │

Jee Suk Chang, 18F-FDG/PET and N1 Breast Cancer

and continuing to provide them with excellent local control
rates is imperative [4,5]. However, the indications for PMRT
are still determined on a case-by-case basis, and definitive
indications have varied significantly across institutions and
changed over time. Thus, the development of a practical
prognostic indicator for recurrence is required to optimize
the application of PMRT for this controversial situation.
18
F-Fluorodeoxyglucose/positron emission tomography
18
( F-FDG/PET), which detects the enhanced glycolysis of
tumors, has emerged as a useful imaging tool in staging,
evaluation of treatment response, and predicting the prognosis of breast cancer [6]. In Korea, 18F-FDG/PET staging is
reimbursed for patients who are newly diagnosed with
breast cancer; as a result, its use has increased for both locally
advanced and early-stage breast cancers. Here, we sought to
evaluate the potential utility of 18F-FDG/PET for predicting
prognosis in a group of T1-T2/N1 breast cancer patients who
underwent mastectomy, and we assessed the question of
whether this PET-based high-risk group was at increased
risk of locoregional recurrence after treatment without
PMRT, who might be potential candidates for adjuvant
radiation therapy.

Materials and Methods
1. Patients
A total of 712 consecutive patients who underwent mastectomy and were diagnosed with pathologic T1-T2/N1
breast cancer at a single institution between 2003 and 2012
were identified. Of these 712 patients, the 109 who underwent preoperative 18F-FDG/PET scanning were included in
the current study. At our institution, 18F-FDG/PET staging
was first offered to patients with early breast cancer in
November 2003. An increase in systemic staging with
18
F-FDG/PET was observed in our study cohort during the
study period (2003-2009: n=46/361, 14% vs. 2010-2012:
n=63/114, 55%).
2. Treatment
All patients underwent modified radical mastectomy. Sentinel lymph node (SLN) sampling was performed in all
patients, except those (19%) who had biopsy-confirmed or
suspicious axillary nodal metastasis on PET imaging. If the
frozen section of the SLN was positive, the patient underwent completion of axillary dissection (median, 12 nodes;
range, 4 to 34 nodes). Although PMRT was delivered at the
physician’s discretion, it was generally performed for

Table 1. Patient, tumor, and treatment characteristics
Characteristic

No. (%) (n=109)

Age (yr)
< 45
" 45
Histology
IDC
Non-IDC
T stage
T1
T1a
T1b
T1c
T2
LVI
Negative
Positive
No. of positive lymph nodes
1
2
3
Percentage of positive lymph nodes
< 25
" 25
ECE
Negative
Positive
Histological grade
1
2
3
Estrogen receptor status
Negative
Positive
Progesterone receptor status
Negative
Positive
HER2 overexpression
Negative
Positive
Systemic chemotherapy and/or
hormone therapy
Chemotherapy
AC±T
CMF
Unspecified
Hormone therapy
Post-mastectomy radiotherapy
No
Yes

29 (27)
80 (73)
100 (92)
9 (8)
61 (56)
2 (2)
15 (14)
44 (40)
48 (44)
102 (94)
7 (6)
69 (63)
29 (27)
11 (10)
103 (94)
6 (6)
100 (92)
9 (8)
21 (20)
60 (57)
25 (24)
25 (23)
84 (77)
48 (44)
61 (56)
73 (69)
33 (31)
105 (96)
94 (86)
75 (69)
14 (13)
5 (5)
58 (53)
72 (66)
37 (34)

IDC, invasive ductal carcinoma; LVI, lymphovascular
invasion; ECE, extracapsular extension; AC, adriamycin
cyclophosphamide; T, paclitaxel docetaxel; CMF, cyclophosphamide methotrexate 5-fluorouracil.
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Table 2. Comparisons of PET indices in whole body tumors according to clinicopathologic parameters (n=109)
Variable
Age (yr)
< 45
" 45
Histology
IDC
Non-IDC
T stage
T1
T2
LVI
Negative
Positive
No. of positive LNs
1
2, 3
Positive LNs (%)
< 25
" 25
ECE
Negative
Positive
Histological grade
1, 2
3
Estrogen receptor status
Negative
Positive
Progesterone receptor status
Negative
Positive
HER2 overexpression
Negative
Positive

SUVmax

p-value

MTV (mL)

p-value

TLG

p-value

3.99±2.44
5.09±3.24

0.099

5.15±3.81
7.77±6.46

0.042

13.84±13.92
22.54±28.90

0.038

5.04±3.07
2.01±1.08

< 0.001

7.22±5.75
5.49±8.32

0.409

21.19±26.52
9.47±16.79

0.196

4.12±2.29
5.65±3.70

0.014

5.40±5.14
9.19±6.33

0.001

12.17±13.29
30.46±33.71

< 0.001

4.75±3.10
5.42±2.84

0.570

7.01±6.00
8.04±5.92

0.671

19.90±26.39
24.97±20.37

0.551

4.43±2.59
5.43±3.71

0.101

6.22±5.23
8.54±6.90

0.051

15.84±17.40
27.79±35.37

0.020

4.82±3.10
4.31±2.89

0.695

7.17±5.98
5.49±6.10

0.507

20.34±26.25
18.28±23.14

0.852

4.81±3.08
4.63±3.25

0.869

6.97±5.61
8.23±9.52

0.546

19.20±21.59
31.57±56.55

0.532

3.97±2.59
7.73±2.85

< 0.001

6.04±5.02
10.93±7.40

0.004

14.05±16.20
42.04±38.88

0.002

6.66±4.03
4.24±2.50

0.008

9.50±6.19
6.35±5.75

0.020

33.72±31.19
16.21±22.96

0.014

5.52±3.53
4.22±2.55

0.028

9.22±7.00
5.39±4.38

0.001

29.37±32.93
13.03±15.74

0.002

4.73±2.64
4.90±3.98

0.818

6.77±5.38
7.63±7.10

0.538

17.44±18.66
25.64±37.16

0.237

PET, positron emission tomography; SUVmax, maximum standardized uptake value; MTV, metabolic tumor volume; TLG,
total lesion glycolysis; IDC, invasive ductal carcinoma; LVI, lymphovascular invasion; LN, lymph node; ECE, extracapsular
extension.

patients with high-risk features (mainly based on the number
of positive lymph nodes). Adjuvant systemic therapy was
selected after discussion with the patient’s medical oncologist.
3. 18F-FDG/PET
18

F-FDG/PET scans were performed using a dedicated
PET/computed tomography (CT) scanner (Discovery STE,
GE Healthcare, Little Chalfont, UK, or Biograph TruePoint
40, Siemens Healthcare, Erlangen, Germany). The mean time
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interval from PET scan to mastectomy was 10±9 days. The
detailed protocols for measurement of blood glucose concentration, determination of injected 18F-FDG quantity, low-dose
and contrast enhanced CT and PET scans, and PET data
reconstruction have all been described previously [7]. Semiquantitative and volumetric measurements of maximum
standardized uptake value (SUVmax), mean SUV (SUVmean),
metabolic tumor volume (MTV), and total lesion glycolysis
(TLG) of whole body tumors were performed with the PETedge tool that is available in MIMvista software (MIMvista
Corp., Cleveland, OH), according to the protocol of Liao et

Jee Suk Chang, 18F-FDG/PET and N1 Breast Cancer

Table 3. Comparisons of PET indices in breast, lymph node, and WT according to T classification (n=109)
T stage
T1a
T1b
T1c
T2

Breast

Lymph node

Non-avid

SUVmax

Non-avid

SUVmax

0/2 (0)
1/15 (6.7)
0/44 (0)
2/46 (4.2)

NA
1.84±0.39
4.80±1.97
8.45±4.49

2/2 (100)
13/15 (86.7)
35/44 (79.5)
37/48 (77.1)

NA
3.00±2.80
3.64±2.15
5.87±4.06

WT SUVmax
NA
3.55±2.03
5.59±2.00
8.94±4.38

Values are presented as number (%) or mean±standard deviation. PET, positron emission tomography; WT, whole body
tumors; SUVmax, maximum standardized uptake value; NA, not applicable.

al. [8]. After contouring the tumor using the PETedge tool,
volumes of interest (VOIs) were automatically produced by
spatial derivatives to locate the tumor surface. The estimated
VOIs were manually adjusted using a 2-D “ball” contouring
tool. In this study, SUVmax was the maximum SUVmax of all
tumors either in breast tissue or in the axillary area. TLG was
calculated as follows: TLG=SUVmean!MTV. MTV and TLG
were computed after summing the corresponding values of
all tumors. 18F-FDG/PET was administered at the clinical discretion of the treating physician during the study period.

patients who underwent PMRT (no-PMRT cohort). The level
of statistical significance was set at 0.05. All statistical analyses were performed using SPSS ver. 20.0 (IBM SPSS Statistics,
IBM Co., Armonk, NY) or SAS (SAS Institute Inc., Cary, NC).

Results
1. Patient, tumor, and treatment characteristics

4. Statistical analysis
The primary end-point of our study was relapse-free survival (RFS), defined as the length of time from the date of
mastectomy to any type of relapse. RFS was estimated using
the Kaplan-Meier method. Comparisons of PET parameters
according to clinical parameters or any recurrence (locoregional recurrence and distant metastasis as first site of failure) were performed using t tests. One-way analysis of
variance (ANOVA) with a post-hoc Bonferroni’s correction
was used for multiple comparisons. Receiver operating characteristics (ROC) analyses were performed to determine
which parameter was most useful for predicting disease
recurrence risk. Univariate and multivariate analyses of disease-free survival (DFS) were performed using Cox’s proportional hazards regression method to assess whether the PET
parameter retained statistical significance after adjusting for
known clinicopathologic variables. Clinically relevant variables were selected, and multivariate analysis was performed
using backwards elimination. The method of Contal and
O’Quigley was used to determine the cut-off point for the
PET parameter, to allow objective dichotomization [9]. Using
this method, the optimal cut-off point is determined by setting it to the point that maximizes the model likelihood.
Because all possible cut-off points are assessed, an adjustment is applied to the p-value to control for type I error.
Next, to identify the subgroup of patients who may benefit
from PMRT, a secondary analysis was performed, excluding

The median follow-up period was 46.7 months (range, 14
to 127 months). Data on patient, tumor, and treatment characteristics are summarized in Table 1. The median age of
patients was 49 years (range, 27 to 92 years). The mean tumor
size was 2.0±0.9 cm (range, 0.4 to 4.5 cm). SLN sampling was
performed in 87 patients (81%), with a median of 3 (range,
1 to 7) identified. Axillary dissections were performed in all
patients with a median of 12 (range, 4 to 34) total nodes dissected. Adjuvant systemic therapy was administered in most
patients (105 of 109, 96%) as follows: chemotherapy (n=94,
86%) and endocrine therapy (n=58, 54%). PMRT was delivered to 34% of the patients.
2. Semiquantitative analysis of PET parameters
Most patients (97.2%) had 18F-FDG–avid tumors in the primary site, and 22 patients (20.2%) had 18F-FDG–avid tumors
in axillary nodes. For whole body tumors (WT), the average
SUVmax, MTV, and TLG was 4.79±3.07, 7.07±5.97 mL, and
20.22±26.0, respectively. For 18F-FDG–avid tumors in breast
tissue (n=106), the average SUVmax, MTV, and TLG was
4.75±3.01, 5.92±5.02 mL, and 17.49±23.48, respectively. For
18
F-FDG–avid tumors in axillary nodes (n=22), the average
SUVmax, MTV, and TLG was 4.70±3.38, 4.09±4.14 mL, and
12.00±16.13, respectively.
Significant correlations were observed among three
parameters (TLGWT vs. MTVWT, Spearman’s rho=0.882;
VOLUME 48 NUMBER 2 APRIL 2016
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Fig. 1. Box plots of maximum standardized uptake value (SUVmax WT), metabolic tumor volume (MTVWT), and total lesion
glycolysis (TLGWT), as shown for any recurrence (Rec) (A) and locoregional recurrence (LRR) and distant metastasis (DM)
(B).

TLGWT vs. SUVmax WT, rho=0.718; MTVWT vs. SUVmax WT,
rho=0.574; all p < 0.001). Differences in SUVmax WT, MTVWT,
and TLGWT according to clinicopathologic parameters are
shown in Table 2. A significantly higher mean SUVmax WT was
observed for invasive ductal carcinoma (IDC) tumors compared with non-IDC tumors (p < 0.001). Significantly higher
mean values of SUVmax WT, MTVWT, and TLGWT were observed
in T2, high-grade (G3), estrogen receptor (ER)–negative, or
progesterone receptor (PR)–negative, tumors than in T1, nonhigh grade (G1/2), ER+, or PR+ tumors, respectively (all
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p < 0.05). In addition, as T stage increased, SUVmax of breast,
axillary nodes, and WT were increased and more FDG-avid
tumors were found in axillary nodes (T1a, 0%; T1b, 13.3%;
T1c, 20.5%; T2, 22.9%) (Table 3).
3. Recurrence
At the time of analysis, six patients (6%) had experienced
any recurrences, three presented with locoregional recurrence and three presented with distant metastasis. Six

Jee Suk Chang, 18F-FDG/PET and N1 Breast Cancer

Table 4. Stepwise univariate and multivariate analyses using Cox’s regression method for disease-free survival in 109
patients
Univariate analysis

Variable
Age (" 45 yr vs. < 45 yr)
T stage (T1 vs. T2)
No. of positive LNs (1 vs. 2, 3)
Histological grade (1, 2 vs. 3)
Estrogen receptor status (positive vs. negative)
Progesterone receptor status (positive vs. negative)
HER2 overexpression (positive vs. negative)
Post-mastectomy radiotherapy (yes vs. no)
18
F-FDG–avidity in axillary nodes (avid vs. non-avid)
SUVmax (as continuous)

Multivariate analysisa)

HR

95% CI

p-value

HR

95% CI

p-value

0.63
0.46
0.77
0.63
0.16
0.76
1.19
0.39
4.30
1.43

0.12-3.48
0.08-2.55
0.14-4.22
0.12-3.44
0.03-0.86
0.15-3.76
0.22-6.51
0.05-3.41
0.87-21.29
1.15-1.78

0.597
0.373
0.761
0.593
0.033
0.734
0.844
0.396
0.074
0.001

0.14
NI
0.19
0.02
0.04
NI
NI
0.06
NI
1.77

0.01-2.24
0.01-3.74
0.00-0.73
0.00-0.60
0.00-2.58
1.19-2.62

0.165
0.276
0.032
0.020
0.141
0.004

HR, hazard ratio; CI, confidence interval; LN, lymph node; 18F-FDG, 18F-fluorodeoxyglucose; SUVmax, maximum standardized
uptake value. a)Variables were entered into the multivariate regression model in a stepwise method if p < 0.20 and were
removed at any point if p-value was > 0.20.

100

SUVmax WT, MTVWT, and TLGWT at baseline than those without
any recurrence (Fig. 1A). Similar levels of SUVmax WT, MTVWT,
and TLGWT were observed between patients who failed
locoregionally or distally (all p=0.001; ANOVA with Bonferroni correction) (Fig. 1B).

SUVmax
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MTV

60

4. Usefulness of PET for predicting recurrence

Re
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60
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Fig. 2. Receiver-operating characteristics curves for maximum standardized uptake value (SUVmax), total lesion
glycolysis (TLG), and metabolic tumor volume (MTV) of
whole body tumors.

patients (6%) died, either with (n=2) or without (n=4) disease
progression. The 3-year RFS and overall survival (OS) rates
were 95.2% (95% confidence interval [CI], 91.1% to 99.3%)
and 91.8% (95% CI, 84.7% to 98.9%), respectively. The relationship between SUV results and tumor recurrence was
examined; patients with any recurrence had higher levels of

ROC curves were generated for SUVmax WT, MTVWT, and
TLGWT (Fig. 2). In the ROC analyses, the areas under the
curves (AUCs) were 0.824 (95% CI, 0.715 to 0.932) for SUVmax,
0.733 (95% CI, 0.574 to 0.892) for MTV, and 0.778 (95% CI,
0.629 to 0.928) for TLG. These results indicated that SUVmax WT
was the most useful index for predicting patients at high risk
of developing any recurrence. The relationship of SUVmax WT
with the time of any recurrence was also assessed after
adjusting for all available clinicopathological variables. In
univariate analysis, increased SUVmax WT (considered as a continuous variable) showed significant association with poorer
RFS (p=0.001). The significance of this relationship with RFS
was retained in the stepwise multivariate regression analysis
(p=0.004) (Table 4).
The method of Contal and O’Quigley was also used to
objectively determine a cut-off point for SUVmax WT [9].
According to this method, the best predicted clinical performance was a threshold of 5.36, which provided a sensitivity, specificity, positive predictive value, and negative
predictive value of 100%, 71%, 17%, and 100%, respectively.
The patients were then divided into two groups (high- vs.
low-risk) according to this cut-off point, and the characteristics of patients with SUVmax WT " 5.36 were compared to those
VOLUME 48 NUMBER 2 APRIL 2016

513

Cancer Res Treat. 2016;48(2):508-517

A

80
60
40
20
0

p < 0.001

0

No. at risk
SUV max WT < 5.36
SUV max WT ≥ 5.36

SUV max WT < 5.36 (n=73)
SUV max WT ≥ 5.36 (n=36)

73
36

24
48
72
96
Time from surgery (mo)
71
30

33
17

10
9

80
60
40
20
0

120

SUV max WT < 5.36
SUV max Br ≥ 5.36
SUV max LN ≥ 5.36

1
1

SUV max WT < 5.36 (n=73)
SUV max Br ≥ 5.36 (n=29)
SUV max LN ≥ 5.36 (n=7)

p < 0.001

0

No. at risk

5
3

73
29
7

24
48
72
96
Time from surgery (mo)
71
24
6

33
13
4

10
8
1

120

5
3
0

1
1
0

C

100
Locoregional-free survival (%)

B

100
Relapse-free survival (%)

Relapse-free survival (%)

100

80
60
40
20
0

SUV max WT < 5.36 (n=43)
SUV max WT ≥ 5.36 (n=29)

p=0.037

0

No. at risk
SUV max WT < 5.36 43
SUV max WT ≥ 5.36 29

24
48
72
96
Time from surgery (mo)
41
24

21
14

8
7

3
3

120

0
1

Fig. 3. Relapse-free survival rates in the entire cohort (n=109) (A, B) and locoregional recurrence-free survival (C) in the no
post-mastectomy radiotherapy cohort (n=72), according to high (" 5.36) and low (< 5.36) maximum standardized uptake
value (SUVmax) of whole body tumors (WT) (SUVmax WT), the primary tumor (Br) (SUVmax Br), or the axillary lymph nodes (LN)
(SUVmax LN).

of patients with SUVmax < 5.36. PET-based high-risk patients
(SUVmax WT " 5.36) had more T1c-T2 (vs. T1a-T1b), high-grade,
ER/PR negative, and IDC (vs. non-IDC) tumors than lowrisk patients (SUVmax WT < 5.36) (all p < 0.05). Three-year RFS
was 85.4% in the PET-based high-risk group compared with
100% in the low-risk group (p < 0.001) (Fig. 3A). The prognosis was much worse when high SUVmax (" 5.36) was
detected in axillary lymph nodes (p < 0.001) (Fig. 3B).
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5. Locoregional recurrence in the no-PMRT cohort
In the no-PMRT cohort (n=72), an increased risk of locoregional recurrence was observed for the PET-based highrisk group, compared with the PET-based low-risk group
(3-year locoregional recurrence-free survival, 92.9% vs. 100%;
p=0.037) (Fig. 3C). However, age, T stage, number of positive
lymph nodes, histologic grade, ER/PR/HER2 status,
18
F-FDG–avidity in axillary nodes, and other factors did not

Jee Suk Chang, 18F-FDG/PET and N1 Breast Cancer

show significant association with risk of locoregional recurrence.

Discussion
In this study, we have described the efficacy of PET for
identifying patients with T1-T2/N1 breast cancer with a high
risk of disease recurrence after mastectomy and standard systemic therapy. We found an association of higher SUVmax WT
with both poorer RFS in the entire cohort and a higher risk
of locoregional recurrence in the no-PMRT cohort. The
SUVmax cut-off value that best predicted prognosis was 5.36.
Compared with tumors in the PET-defined low-risk group,
tumors in the high-risk group were more likely to have the
following characteristics: T1c-T2 (vs. T1a-T1b) stage, high
grade, ER/PR negativity, and IDC (vs. non-IDC). In conjunction with conventional risk stratification that relies on multiple factors, preoperative 18F-FDG/PET information may
enable identification of high-risk groups with enhanced
accuracy. We hypothesize that once these select groups are
identified, they may represent the population of T1-2/N1
breast cancer patients who might benefit from PMRT.
Previous retrospective studies have investigated the usefulness of PET in breast cancer, with findings similar to ours
[10-14]. Osborne et al. [10] reported that ER– tumors had
higher 18F-FDG-uptake than ER+ tumors (median SUVmax, 8.5
vs. 4.0). A study by Mavi et al. [11] reported that ER status
alone (rather than PR or HER2 status) had an effect on FDG
uptake (F=9.126, p < 0.01). Baba et al. [12] reported correlation of high SUVmax with larger tumor size, higher grade, and
triple-negative tumors, as well as poor prognosis (5-year
DFS: " 4.16 [n=32], 80% vs. < 4.16 [n=28], 100%). Song et al.
[13] reported that nodal SUVmax was the only determinant of
DFS among well-known clinical variables in N1-3 patients
(n=65), similar to our finding that high SUVmax in lymph
nodes was associated with worse RFS than high SUVmax in
the primary tumor. Nakajima et al. [14] reported association
of MTV and TLG with tumor size, number of positive nodes,
nodal ratio, nuclear grade, ER status, and triple negative status. Nakajima et al. [14] found that larger MTV was an independent risk factor for locoregional recurrence-free survival
and DFS. In comparison with our cohort of patients, the
cohort considered by Nakajima et al. [14] had different characteristics, including a higher proportion of T2 disease (63%
vs. 44%), more biologically aggressive behavior (SUVmax,
MTV, and TLG; median 7.2, 31.7, and 73.4 vs. mean 4.8, 7.1,
20.2), and lesser use of chemotherapy (62.4% vs. 86%). These
differences may have increased the importance of MTV in
the study by Nakajima et al. [14] as compared with our own.

However, both studies found that the AUC of SUVmax was
high (> 0.80), and the consistency of these findings should be
highlighted.
Compared with other studies, our study had the following
strengths: (1) the cohort consisted of a homogenous group of
patients with pathologic T1-T2/N1 disease, who were
treated with mastectomy and current standard adjuvant
therapy. In addition, (2) we did not limit the investigation to
metabolic (SUVmax) values, but also assessed volumetric
(MTV) values and the combination of both indices (in the
form of TLG). The relationships between these indices, RFS,
and locoregional recurrence were then evaluated. Finally,
(3) the analyses focused on an issue that is currently relevant
in clinical practice.
From a cost-effectiveness perspective, it is not clear
whether PET should be offered to all patients with T1-T2/N1
disease, in order to identify those at high risk of recurrence,
and accordingly indicate PMRT. If our results are confirmed
in other series, cost-effectiveness will present another clinical
issue. Currently, National Comprehensive Cancer Network
(NCCN) experts recommend against the routine use of PET
in early breast cancer because of high false-negative rates in
small or low grade breast tumors, low sensitivity for detection of nodal metastasis, low prior probability of distant
metastasis, and (mainly) cost-ineffectiveness [15]. However,
recent studies (including studies with prospective designs)
have raised the possibility that PET may have a role in stage
II breast cancer [15-19]. The following studies reported relevant results: Groves et al. [17] found that PET impacted cancer management in 16% of patients with stage II disease,
Groheux et al. [15] reported that PET modified staging in
5.5% of patients with stage IA disease and 13% of patients
with stage IB disease, and the Ontario Clinical Oncology
Group Study reported that PET could influence surgical care
by avoiding unnecessary SLN biopsies [16].
Our study has several limitations, including those that are
inherent to retrospective analyses. Because of the small number of events (recurrences), it was not possible to perform a
more complete statistical analysis. Longer follow-up is
needed to clarify the relationship between 18F-FDG uptake
and dormancy/late recurrence. Although the 5-year OS did
not differ significantly according to the use of PET in our
cohort (n=712; 5-year OS rate, 93.1% with PET vs. 91% without PET; p=0.412), it is possible that selection bias in our
study sample resulted in a better prognosis in the PET group,
affecting the results in terms of the cut-off value.
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Conclusion
In conclusion, we found that a high SUVmax (" 5.36) was
associated with an increased risk of locoregional recurrence,
as well as any recurrence. Patients with high SUVmax in
lymph node involvement appeared to have a much worse
prognosis than those with high SUVmax in primary tumors.
However, these findings are purely hypothesis generating;
confirmatory studies with larger cohorts and longer followup periods are necessary before PET-defined risk assessment
can be routinely adopted for early breast cancer. Efforts to
define the optimal cut-off values of PET parameters are also
necessary.
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Purpose
The purpose of this study was to evaluate potential prognostic factors in patients with adenoid cystic carcinoma (ACC).
Materials and Methods
A total of 68 patients who underwent curative surgery and had available tissue were enrolled
in this study. Their medical records and pathologic slides were reviewed and immunohistochemistry for basic fibroblast growth factor, fibroblast growth factor receptor (FGFR) 2,
FGFR3, c-kit, Myb proto-oncogene protein, platelet-derived growth factor receptor beta, vascular endothelial growth factor (VEGF), and Ki-67 was performed. Univariate and multivariate
analysis was performed for determination of disease-free survival (DFS) and overall survival
(OS).
Results
In univariate analyses, primary site of nasal cavity and paranasal sinus (p=0.022) and
Ki-67 expression of more than 7% (p=0.001) were statistically significant factors for poor
DFS. Regarding OS, perineural invasion (p=0.032), high expression of VEGF (p=0.033), and
high expression of Ki-67 (p=0.007) were poor prognostic factors. In multivariate analyses,
primary site of nasal cavity and paranasal sinus (p=0.028) and high expression of Ki-67
(p=0.004) were independent risk factors for poor DFS, and high expression of VEGF
(p=0.011) and Ki-67 (p=0.011) showed independent association with poor OS.
Conclusion
High expression of VEGF and Ki-67 were independent poor prognostic factors for OS in ACC.

Key words
Adenoid cystic carcinoma, Immunohistochemistry,
Vascular endothelial growth factor, Ki-67, Prognosis
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Introduction
Adenoid cystic carcinoma (ACC) is uncommon malignancies, which commonly arise in the salivary glands [1],
although nearly half of ACC occurs in other glandular areas,
particularly in the nasal cavity and paranasal areas. They also
arise in the tongue and the minor salivary glands [2,3], and,
very rarely, originate at other sites, such as the external
auditory canal, trachea, lung, breast, and Bartholin’s glands
[2].
ACC is characterized by unpredictable growth and extensive perineural invasion. Typically the natural course of ACC
is slow; however, local recurrence and hematogenous spread
to the lungs often occur during the course of the disease [4,5].
Despite the indolent growth pattern, once metastatic disease
is present, disease progression becomes more rapid; onethird of patients die within 2 years of developing multiple
metastases [6]. Treatment remains limited to surgery and
radiation, and no systemic chemotherapeutic agent has been
proven to be effective [7].
Due to its rarity, the molecular biology of ACC has not
been well-described [8]. Clinical stage and solid histologic
type were poor prognostic indicators of survival in several
studies [9,10]. In immunohistochemistry, expression of Myb
proto-oncogene protein (MYB), c-kit, vascular endothelial
growth factor (VEGF), p53, and Ki-67 are known poor prognostic factors of ACC; however, the relationship between
these markers and survival of patients is not well-known
[9,11-15]. In addition, there are many potential biomarkers
whose significance has not yet been determined.
A previous study reported that fibroblast growth factor
(FGF), fibroblast growth factor receptor (FGFR), and plateletderived growth factor receptor beta (PDGFR-beta) represented DNA copy number gain in ACC by microarray-based
comparative genomic hybridization [16]. However, there is
insufficient information regarding the immunohistochemical
results of these markers.
The aim of this study was to evaluate the prognostic value
of potential biomarkers related to ACC.

Materials and Methods
1. Patients
The medical records of 188 patients diagnosed with ACC
at Seoul National University Hospital between 1990 and 2012
were reviewed. Among these patients, 68 patients who
underwent curative surgery and had available tissue were

enrolled in this study.
This study was approved by the Institutional Review
Board of Seoul National University Hospital (IRB approval
No. H-1109-114-379). Demographics, clinical and pathologic
data, and treatment-related factors with regard to recurrence
and patient survival were collected from medical records.
Sixteen patients (24%) were followed up until death, and the
median follow-up period was 68 months (range, 4 to 263
months).
2. Immunohistochemistry
Core tissues (2 mm in diameter) were taken from representative formalin-fixed paraffin-embedded tissue blocks and
tissue microarrays were constructed for further immunohistochemical analysis. The antibodies used were basic FGF
(bFGF; 1:100, Calbiochem, San Diego, CA), FGFR2 (H2263M01, 1:3,000, Abnova, Taipei, Taiwan), FGFR3 (SC-13121,
1:50, Santa Cruz Biotechnology, Santa Cruz, CA), c-kit
(A2502, 1:200, DAKO, Carpinteria, CA), MYB (#1792-1, 1:80,
Epitomics, Burlingame, CA), PDGFR-beta (SC-713, 1:100,
Santa Cruz Biotechnology), VEGF (SC-7269, 1:1,000, Santa
Cruz Biotechnology), and Ki-67 (M7240, 1:100, DAKO).
Immunostaining was evaluated semi-quantitatively for
intensity (0, negative; +1, weak positive; +2, moderate positive; and +3, strong positive) and extent (0, 0%; +1, 1%-25%;
+2, 26%-50%; +3, 51%-75%; and +4, 76%-100%) by two experienced pathologists (S.J.N., Y.K.J.); normal salivary gland
samples were used as controls. Score was determined by
multiplying extent and intensity. Positivity of expression was
defined as a score of 4 or more, and high expression was
defined as a score of 8 or more. Conversely, c-kit was graded
only by extent (0 to +4) because its expression was strong
enough in all positive specimens, and positivity was defined
as a grade of 2 or more [17].
The immunostained slides for Ki-67 were submitted to virtual microscope scanning under high-power magnification
(!200) using ScanScope CS2 eSlide (Aperio Technologies,
Vista, CA). Estimation of Ki-67 expression was based on the
proportion of positive cells in all tumor cells using the
nuclear v9 algorithm of ImageScope software (Aperio Technologies). Ki-67 was considered positive when the tumor
cells showed strong nuclear staining intensity.
3. Statistical analysis
Statistical analyses of categorical variables were performed
using Pearson’s !2 test or Fisher exact probability test where
appropriate. The median duration of survival was calculated
using the Kaplan-Meier method, and comparisons between
groups were made using the log-rank tests. To determine the
important prognostic factors, Cox proportional hazards
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Table 1. Clinicopathological features and univariate Cox regression analysis of 68 patients
Characteristic
Sex
Male
Female
Age (yr)
# 45
> 45
Primary site
Salivary gland
Nasal cavity, paranasal sinus
Tongue, oral cavity
Lung, trachea
Othersa)
Local treatment
Operation with PORT
Operation without PORT
Any chemotherapy
Yes
No
Perineural invasion
Yes
No
Resection margin
Positive
Negative

No. (%)

DFS

OS

HR

p-value

HR

p-value

26 (38.2)
42 (61.8)

1
0.78

1
1.09

0.881

0.463

17 (25.0)
51 (75.0)

1
1.55

1
1.30

0.658

0.251

36 (52.9)
16 (23.5)
7 (10.3)
4 (5.9)
5 (7.4)

1
2.34
2.01
0.33
1.00

0.022
0.146
0.280
0.995

1
1.61
0.81
1.44
1.01

49 (72.1)
19 (27.9)

0.96
1

0.919

2.16
1

0.311

11 (16.2)
57 (83.8)

-b)
-b)

-b)

2.32
1

0.116

23 (33.8)
45 (66.2)

1.26
1

0.501

3.05
1

0.032

39 (57.4)
29 (42.6)

0.97
1

0.913

1.49
1

0.456

0.420
0.841
0.738
0.994

DFS, disease-free survival; OS, overall survival; HR, hazard ratio; PORT, postoperative radiotherapy. a)Bartholin’s gland,
external auditory canal, and lacrimal gland, b)There was no perioperative chemotherapy.

regression models were used in univariate and multivariate
analyses. A two-sided value of p < 0.05 was considered statistically significant. All analyses were performed using SPSS
for Windows ver. 20.0 (IBM Co., Armonk, NY).

Results
1. Clinicopathological data
Of the 68 patients, 26 patients were male and 42 were
female, with median age of 55 years (range, 26 to 84 years).
Primary sites were major salivary glands in 36 cases (53%),
nasal cavity and paranasal sinuses in 16 (24%), oral cavity
and tongue in seven (10%), lung and trachea in four (6%),
and other sites in five (7%). Other sites included the lacrimal
gland, Bartholin’s gland, and external auditory canal. Twenty-three patients (34%) had perineural invasion and 39 (57%)
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had involvement of resection margins. Local recurrence was
detected in 21 patients (31%), regional recurrence in three
(4%), distant metastases in 35 (51%), and any kind of recurrence in 39 (57%). Of patients with distant metastases, 32
patients (47%) had lung metastasis, nine (13%) had liver
metastasis, six (9%) had bone metastasis, and two (3%) had
central nervous system metastasis.
Analysis of patients was based on clinicopathological factors, including sex, age, primary site, local treatment modality including postoperative radiotherapy, systemic chemotherapy, perineural invasion, and positive resection margins.
Survival analysis was performed in each subgroup using the
Cox proportional hazards regression model. Among these
clinicopathological variables, primary site of nasal cavity and
paranasal sinus was a poor prognostic factor for disease-free
survival (DFS; hazard ratio [HR], 2.34; 95% confidence interval [CI], 1.13 to 4.84; p=0.022). Perineural invasion was the
only significant prognostic factor of poor overall survival
(OS; HR, 3.05; 95% CI, 1.10 to 8.44; p=0.032) (Table 1).
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Table 2. Positive expression of molecular markers and univariate Cox regression analysis of disease-free survival and overall
survival in adenoid cystic carcinoma
Variable
bFGF
c-kit
FGFR2
FGFR3
MYB
PDGFR-beta
VEGF

Score

No. (%)

<4
"4
<2
"2
<4
"4
<4
"4
<4
"4
<4
"4
<4
"4

20 (29.4)
48 (70.6)
16 (23.5)
52 (76.5)
62 (91.2)
6 (8.8)
64 (94.1)
4 (5.9)
44 (64.7)
24 (35.3)
25 (36.8)
43 (63.2)
6 (8.8)
62 (91.2)

DFS
HR
1
0.76
1
0.94
1
1.45
1
3.26
1
1.02
1
1.10
1
1.96

OS

95% CI

p-value

0.39 to 1.49

0.424

0.46 to 1.94

0.872

0.51 to 4.10

0.488

1.13 to 9.44

0.029

0.51 to 2.02

0.959

0.57 to 2.13

0.770

0.60 to 6.40

0.264

HR
1
1.25
1
0.75
1
1.86
1
0.94
1
1.14
1
2.43
1
2.53

95% CI

p-value

0.35 to 4.47

0.737

0.23 to 2.43

0.632

0.40 to 8.68

0.432

0.12 to 7.22

0.952

0.36 to 3.62

0.831

0.68 to 8.62

0.171

0.33 to 19.39

0.371

DFS, disease-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; bFGF, basic fibroblast growth
factor; FGFR2, fibroblast growth factor receptor 2; FGFR3, fibroblast growth factor receptor 3; MYB, Myb proto-oncogene
protein; PDGFR-beta, platelet-derived growth factor receptor beta; VEGF, vascular endothelial growth factor.

A

B

C

D

Fig. 1. Immunohistochemical staining of adenoid cystic carcinoma. (A) Low expression of vascular endothelial growth factor
(VEGF). (B) High expression of VEGF. (C) Low expression of Ki-67. (D) High expression of Ki-67 (A-D, !200).
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Table 3. High expression of molecular markers and univariate Cox regression analysis of disease-free survival and overall
survival in adenoid cystic carcinoma
Variable
bFGF
c-kit
FGFR2
FGFR3
MYB
PDGFR-beta
VEGF
Ki-67

Score

No. (%)

<8
"8
<4
"4
<8
"8
<8
"8
<8
"8
<8
"8
<8
"8
< 7%
" 7%

42 (61.8)
26 (38.2)
51 (75.0)
17 (25.0)
67 (98.5)
1 (1.5)
67 (98.5)
1 (1.5)
60 (88.2)
8 (11.8)
55 (80.9)
13 (19.1)
29 (42.6)
39 (57.4)
50 (73.5)
18 (26.5)

DFS
HR
1
0.85
1
1.12
1
15.98
1
4.09
1
1.13
1
1.14
1
1.31
1
3.25

OS

95% CI

p-value

0.44 to 1.62

0.618

0.52 to 2.45

0.771

1.79 to 143.04

0.013

0.54 to 31.10

0.174

0.40 to 3.19

0.820

0.52 to 2.49

0.736

0.69 to 2.48

0.403

1.58 to 6.68

0.001

HR
1
1.25
1
1.13
1
62.50
1
0.05
1
0.04
1
2.08
1
3.45
1
4.47

95% CI

p-value

0.44 to 3.51

0.673

0.25 to 5.13

0.876

3.91 to > 99.99

0.003

< 0.01 to > 99.99

0.883

< 0.01 to 44.54

0.370

0.70 to 6.20

0.189

1.11 to 10.71

0.033

1.52 to 13.18

0.007

DFS, disease-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; bFGF, basic fibroblast growth
factor; FGFR2, fibroblast growth factor receptor 2; FGFR3, fibroblast growth factor receptor 3; MYB, Myb proto-oncogene
protein; PDGFR-beta, platelet-derived growth factor receptor beta; VEGF, vascular endothelial growth factor.

2. Immunohistochemical data
In immunohistochemistry, overexpression of bFGF was
observed in 48 patients (71%), c-kit in 52 (77%), FGFR2 in six
(9%), FGFR3 in four (6%), MYB in 24 (35%), PDGFR-beta in
43 (63%), and VEGF in 62 (91%). The median Ki-67 value was
4% (range, 0% to 33%) (Table 2, Fig. 1).
In univariate analysis, positive expression with a score of
4 or more for bFGF, FGFR2, MYB, PDGFR-beta, and VEGF
and a score of 2 or more for c-kit did not show correlation
with DFS and OS (Table 2). On the other hand, high expression with a score of 8 or more for VEGF was a poor prognostic factor for OS (HR, 3.45; 95% CI, 1.11 to 10.71; p=0.033),
and Ki-67 expression of more than 7% was significant as a
poor prognostic factor for both DFS (HR, 3.25; 95% CI, 1.58
to 6.68; p=0.001) and OS (HR, 4.47; 95% CI, 1.52 to 13.18;
p=0.007) (Table 3, Figs. 2, 3A and B). Although a score of 4
or more for FGFR3 and a score of 8 or more for FGFR2
expression also showed a significant p-value, due to the few
patients with expression, further validation of the prognostic
values is needed in a larger sample size.
In multivariate analysis, primary site of nasal cavity and
paranasal sinus (HR, 2.21; 95% CI, 1.09 to 4.50; p=0.028) and
Ki-67 expression (HR, 3.05; 95% CI, 1.43 to 6.54; p=0.004)
were independent risk factors for poor DFS. High expression
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of VEGF (HR, 5.44; 95% CI, 1.48 to 19.98; p=0.011) and Ki-67
(HR, 4.83; 95% CI, 1.44 to 16.21; p=0.011) were independently
significant factors of poor OS. However, perineural invasion
was not statistically significant for OS (HR, 2.90; 95% CI, 1.00
to 8.41; p=0.051) (Table 4). Conduct of further studies to
determine relationship between perineural invasion and OS
will be needed. Patients who had both high expression of
VEGF and Ki-67 expression of more than 7% showed poorer
OS than patients who had high expression of only one of the
two proteins (HR, 8.58; 95% CI, 1.47 to 50.01; p=0.017)
(Fig. 3C).

Discussion
The goal of the current study was to identify prognostic
markers of ACC by evaluating the relationship between clinicopathological and immunohistochemical data and DFS and
OS. The markers bFGF, c-kit, FGFR2, FGFR3, MYB, PDGFRbeta, VEGF, and Ki-67 were evaluated by immunohistochemistry. In univariate analysis, nasal cavity and paranasal
sinus as primary site and Ki-67 expression of more than 7%
were risk factors for poor DFS, and presence of perineural
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60
80 100 120
Disease-free survival (mo)
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Fig. 2. Kaplan-Meier curve for disease-free survival by vascular endothelial growth factor expression (A) and Ki-67 expression (B). Comparisons were made using the log-rank test.
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B
1.0

0.8

Score < 8

Probability of survival

Probability of survival

1.0

0.6
0.4

Score ≥ 8

0.2

p=0.026

0

0
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0.8
0.6
≥ 7%

0.4
0.2
0
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p=0.003
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150
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Overall survival (mo)

250

300

C

Probability of survival

1.0
0.8
VEGF score < 8
and Ki-67 < 7%

0.6
VEGF score ≥ 8
and Ki-67 ≥ 7%

0.4
0.2
0

p < 0.001

0

50

VEGF score ≥ 8
or Ki-67 ≥ 7%

100
150
200
Overall survival (mo)

250
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Fig. 3. Kaplan-Meier curve for overall survival by vascular endothelial growth factor (VEGF) expression (A), Ki-67 expression
(B), and VEGF and/or Ki-67 expression (C). Comparisons were made using the log-rank test.
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Table 4. Multivariate Cox regression analysis of diseasefree survival and overall survival in adenoid cystic carcinoma
Variable
DFS
Nasal areaa)
Perineural invasion
Resection margin
PORT
VEGF
Ki-67
OS
Perineural invasion
VEGF
Ki-67

Category

HR

No
Yes
No
Yes
No
Yes
No
Yes
<8
"8
< 7%
" 7%

1
2.21
1
1.29
1
0.84
1
1.09
1
1.31
1
3.05

No
Yes
<8
"8
< 7%
" 7%

1
2.90
1
5.44
1
4.83

95% CI

p-value

1.09 to 4.50

0.028

0.65 to 2.55

0.460

0.39 to 1.78

0.641

0.47 to 2.52

0.837

0.67 to 2.56

0.435

1.43 to 6.54

0.004

1.00 to 8.41

0.051

1.48 to 19.98 0.011
1.44 to 16.21 0.011

HR, hazard ratio; CI, confidence interval; DFS, disease-free
survival; PORT, postoperative radiotherapy; VEGF, vascular endothelial growth factor; OS, overall survival. a)Primary sites including nasal cavity and paranasal sinus.

invasion and high expression of VEGF and Ki-67 were significant prognostic factors for poor OS. Among them, high
expression of VEGF and Ki-67 were independently significant prognostic factors for OS in multivariate analyses.
ACC has diverse primary sites and there are varying levels
of difficulty of operation according to primary sites. Ciccolallo et al. [18], who analyzed survival of ACC in a large population using the EUROCARE database, showed that ACC
originating from nasal cavity, pharynx, and larynx have
poorer 5-year survival rate than oral cavity and major salivary glands. In the current study, although no significant difference of OS was observed among primary sites, nasal
cavity and paranasal sinus were the sites showing poor DFS.
In the current study, perineural invasion was observed in
23 patients (34%), and it was the only significant prognostic
factor for OS among the clinicopathological values evaluated.
Its importance as a poor prognostic factor is well-established
in the literature [5,9,19]. In the study reported by Garden et
al. [19], in addition to the presence of perineural invasion,
positive resection margin was an adverse prognostic factor
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in terms of local control, which was not the case in this study.
VEGF, a critical factor in tumor angiogenesis, has been
widely assessed in various types of cancer. Association of
VEGF expression with poor prognosis of ACC has been
reported in a few studies [12,13,20]. In an analysis with 29
patients of salivary gland carcinomas, Lim et al. [13] reported
a significant association of high expression of VEGF with
poor OS. However, only 15 patients were ACC patients and
others were mucoepidermoid carcinomas. Li et al. [20]
reported correlation of high VEGF expression with tumor
stage in 55 patients of salivary ACCs, but not with local
recurrence and survival rate. High expression of VEGF was
an independently important factor for poor OS in the current
study. Although VEGF expression showed no statistically
significant difference for DFS, it showed a poor trend in the
Kaplan-Meier curve. Conduct of further studies with a large
population will be needed in order to verify correlation of
VEGF expression with poor DFS.
Ki-67 is associated with cellular proliferation in tumor progression. Several studies identified high expression of Ki-67
as a negative prognostic factor in salivary gland carcinomas
[13,14,21]. Nordgard et al. [21], who analyzed 44 patients
diagnosed with ACCs, reported a significant difference of
poor DFS with Ki-67 expression of more than 4%. Lim et al.
[13], who analyzed survival of 29 patients, 15 of salivary
ACCs and 14 of mucopeidermoid carcinomas, reported correlation between high expression of Ki-67 and poor OS.
In addition, Ettl et al. [14] demonstrated relationship between
Ki-67 expression and poor OS in 101 patients of salivary
gland carcinomas. However, that population only included
25 ACC patients. In the current study, Ki-67 was the strongest prognostic marker for both poor DFS and OS in ACC.
This is the largest study to date composed only of ACC
patients, and proves significance of Ki-67 expression. In our
analysis a cut-off value of 7% showed the greatest significance in OS.
One of the most studied biomarkers of ACC is the translocation between MYB oncogene and NFIB translocation factor.
Approximately 50% of patients have a MYB-NFIB translocation, and these patients tend to have a higher risk for local
relapse [22]. MYB over-expression has been associated with
MYB-NFIB translocation, although its relationship with ACC
prognosis was uncertain [23]. In our study, MYB expression
was not a significant factor in predicting poor DFS or OS.
Another biomarker, c-kit, has been the subject of several
research studies in ACC. In a recent study, c-kit expression
showed correlation with clinical stage, perineural invasion,
locoregional recurrence, and distant metastases; however,
there was little data regarding the relationship between c-kit
expression and OS [11]. c-kit expression was not a significant
prognostic factor of DFS and OS in the current study.
PDGFR-beta expression is known to be a poor prognostic
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factor in breast cancer [24,25]. Similarly, DNA copy numbers
of PDGFR-beta on chromosome 5 are increased in ACC and
it is a possible factor contributing to the progression of ACC
[16]. However, the relationship between PDGFR-beta expression and the prognosis of ACC has not been previously
reported. The current study showed that high expression of
PDGFR-beta was not significant as a prognostic factor in
ACC. DNA copy number gain of FGF and FGFR in ACC was
also reported in an earlier study [16]; however, there was
almost no data on the immunohistochemical expression of
FGF and FGFR which was investigated in this study. bFGF
expression of more than 70% was observed, however expression of FGFR2 and FGFR3 was rare. Among them, bFGF had
no significant value as prognostic markers, and conduct of
further studies on FGFR2 and FGFR3 will be needed in order
to provide patients with practical recommendations.
Most studies conducted in the past analyzed the utility of
immunohistochemical markers with respect to ACC invasiveness and recurrence. However, the current study was
conducted in a large population and investigated the correlation between several immunohistochemical markers and
survival, which is more critical for ACC prognosis. We
acknowledge that there are some limitations to this study,
including the lack of validating the immunohistochemical
cut-off values used, and the fact that this is a retrospective
study.

Conclusion
In conclusion, high expression of VEGF and high expression of Ki-67 are independent prognostic factors of poor OS
in ACC. Therefore, more aggressive and differentiated treatment should be provided to patients who show high expression of these markers. Conduct of further prospective studies
in larger populations will be necessary in order to confirm
these prognostic factors and to elucidate appropriate treatment modalities.
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Association between PD-L1 and HPV Status and the Prognostic Value
of PD-L1 in Oropharyngeal Squamous Cell Carcinoma

Purpose
Oropharyngeal squamous cell carcinoma (OSCC) has been recognized as an immunosuppressive disease. Various mechanisms have been proposed for immune escape, including
dysregulation of immune checkpoints such as the programmed cell death 1:programmed
cell death-ligand 1 (PD-L1) pathway. We investigated the expression of PD-L1 in human
papillomavirus (HPV)–negative and HPV-positive OSCC to determine its prevalence and
prognostic relevance.
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Materials and Methods
Using immunohistochemistry, 133 cases of OSCC were evaluated for expression of PD-L1.
Formalin-fixed paraffin-embedded tumor samples were stained with monoclonal antibody
(clone 5H1) to PD-L1. PD-L1 positivity was defined as membrane staining in ! 20% of tumor
cells. Correlations between PD-L1 expression and HPV status and survival parameters were
analyzed.
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Results
Of the 133 patients, 68% showed PD-L1 expression, and 67% of patients were positive for
p16 expression by immunohistochemistry. No significant difference in PD-L1 expression
was observed between HPV(–) and HPV(+) tumors (61% vs. 71%, p=0.274). No significant
difference in age, gender, smoking history, location of tumor origin, or stage was observed
according to PD-L1 status. With a median follow-up period of 44 months, older age (! 65
years) (p=0.017) and T3-4 stage (p < 0.001) were associated with poor overall survival (OS),
whereas PD-L1 expression did not affect OS in univariate and multivariate analysis.
Conclusion
PD-L1 expression was observed in the majority of OSCC patients regardless of HPV status.
Further large prospective studies are required to determine the role of PD-L1 expression as
a prognostic or predictive biomarker, and clinical studies of immune checkpoint inhibitors
in OSCC are warranted regardless of HPV status.
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Introduction
Human papillomavirus (HPV) has been recognized as a
cause of a subset of head and neck squamous cell carcinomas
(HNSCC) [1]. HPV-associated HNSCC (HPV-HNSCC) arises
most commonly in the oropharynx and the incidence of
HPV-related oropharyngeal squamous cell carcinoma
(OSCC) (HPV-OSCC) has been increasing despite a decline
in tobacco consumption and contrary to a diminishing incidence of cancers at other head and neck sites. In the United
States, approximately 40%-80% of OSCCs are caused by HPV
and the underlying mechanism is believed to be chronic persistent infection leading to carcinogenesis [2]. Compared
with HNSCC associated with smoking and/or alcohol,
patients with HPV-OSCC tend to be younger, of a higher
socioeconomic status, have a favorable natural history, and
respond better to treatment [3]. Although at least 15 types of
HPV are thought to have oncogenic potential, the vast
majority of HPV-OSCCs are associated with HPV type 16,
the same type that leads to HPV-associated anogenital cancers [4]. HPV preferentially targets the highly specialized
reticulated epithelium in the lymphoid tissue of the tonsils
and the tongue base. HPV integrates its DNA genome into
the host cell nucleus, leading to expression of the oncoproteins E6 and E7. The E6 protein induces substantial loss of
p53 activity, whereas E7 binds and inactivates the retinoblastoma proteins, which are highly immunogenic and would be
expected to induce an antitumor immune response [5].
In HNSCC, various mechanisms have been proposed for
immune escape including down regulation of tumor antigen
presentation, aberrant regulation of the signal transducer
and activator of transcription family, release of immunosuppressive cytokines, and dysregulation of immune checkpoint
receptors [6]. Tumor infiltrating lymphocytes (TILs) show
high expression of co-inhibitory receptors such as cytotoxic
T lymphocyte–associated antigen 4 and programmed cell
death 1 (PD-1), so-called immune checkpoints. A persistent
high level of PD-1 expression on antigen-presented CD8(+)
cytotoxic T lymphocytes leads to “T cell exhaustion,” characterized by impaired effector function and persistent
expression of inhibitory receptors. Programmed cell deathligand 1 (PD-L1), also known as B7-H1, is a surface glycoprotein that induces T-cell anergy or apoptosis by binding to
PD-1 on T lymphocytes [7]. Clinical trials have reported that
inhibition of the PD-1:PD-L1 interaction with antibodies specific for PD-1 or PD-L1 has promising antitumor efficacy in
patients with various malignancies including melanoma,
non-small cell lung cancer (NSCLC), and HNSCC [8-10].
Recent studies reported that the PD-1:PD-L1 axis is highly
related to HPV-positive rather than HPV-negative HNSCC
[11,12]. PD-1 is expressed on effector T cells in both HPV-
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positive and -negative tumors, however the level of expression appears to be increased in HPV-positive HNSCC, suggesting that PD-1 expression on cytotoxic T cells is relevant
and may play an important role, particularly in HPV-OSCC
[11,12]. However, the clinical relevance of PD-L1 expression
in OSCC remains unclear. We therefore examined PD-L1
expression on tumor cells in HPV-positive and -negative
oropharyngeal cancer and analyzed its association with clinicopathologic characteristics and its prognostic relevance.

Materials and Methods
1. Patients
Patients who met the following criteria were recruited:
oropharyngeal cancer arising from tonsil, soft palate, posterior wall of oropharynx, and base of tongue; squamous cell
carcinoma; curative intent radiation therapy, concurrent
chemoradiation therapy (CCRT), or surgery; no evidence of
distant metastasis; available medical records and sufficient
tumor tissue for immunohistochemical (IHC) staining of
PD-L1 and p16. Formalin-fixed paraffin-embedded (FFPE)
tissues from a diagnostic biopsy or surgical specimen were
retrieved from the Department of Pathology. Baseline clinicopathologic characteristics including age, sex, smoking history, TNM stage at diagnosis, curative modality, and clinical
follow-up data were collected retrospectively from the database at Samsung Medical Center. The study protocol and all
related materials were approved by the Institutional Review
Board of the institution.
2. HPV expression and p16 IHC
An HPV-positive tumor was defined by specific staining
of tumor cells for p16 expression. Strong correlation between
overexpression of p16 and HPV expression has been
reported in several studies [13]. Tumor p16 expression was
evaluated by IHC analysis using a mouse monoclonal antibody (CINtec) and visualized using an immunostainer (Ventana XT, Ventana, Tucson, AZ) and Ultraview Universal
DAB Detection Kit (Ventana) [14]. Positive p16 expression
was defined as diffuse nuclear and cytoplasmic staining in
70% or more of the tumor cells as determined by a pathologist (Y.H.K.) [14].
3. PD-L1 expression by IHC
PD-L1 expression was evaluated by IHC using the monoclonal anti-human B7-H1 antibody (clone 5H1, a non-com-
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mercial mAb kindly provided by Dr. Lieping Chen’s laboratory) as previously described [15]. Briefly, FFPE tumor sections were cut at 4 µm and then routinely deparaffinized and
rehydrated in xylene and graded ethanol solutions. Antigen
retrieval was performed in Tris-EDTA buffer. Sections were
washed and incubated for 5 minutes in wash buffer (Dako
#S3006, Dako, Glostrup, Denmark), and then placed on the
Autostainer Plus (Dako) and subjected to the following protocol using a CSA II kit (Dako #K1497). First, the activity of
endogenous peroxidase was blocked with endogenous
blocking solution, and then the section was washed with
wash buffer and incubated for 60 minutes with monoclonal
antihuman B7-H1 (clone 5H1) diluted 1:1,000 with antibody
diluent containing background reducing components. After
washing, the sections were incubated with biotin-conjugated
rat anti-mouse IgG1 secondary antibody at a 1:500 dilution.
Reaction products were visualized by incubation in 3,
3'-diaminobenzidine for 2 minutes and the slides were counterstained with hematoxylin.
A pathologist (M.H.) who was blinded to the patients’ clinicopathologic information assessed the expression of PD-L1.
PD-L1 positivity was defined as membrane staining in " 20%
of tumor cells. PD-L1 expression on tumor cells was evaluated using the intensity score and proportion score. The
intensity of staining was evaluated according to the following scale: 0, no staining; 1, weak staining; 2, moderate staining; and 3, strong staining. Because most prognostic factors
are considered as dichotomized and discontinuous variables,
a cutoff point was selected to give the optimal separation
between low risk and high risk for overall survival (OS). We
initially set several cutoff points for selection of the best
value, and then selected 20% staining as the appropriate cutoff value regardless of intensity score.
4. Statistical analysis
The relationship between PD-L1 expression and other
patient characteristics, including p16 expression, was evaluated using analysis of variance tests for continuous variables
and Pearson’s chi-square tests for discrete variables. Association of PD-L1 expression with survival of patients with
OSCC was also evaluated. OS was defined as the time from
the date of diagnosis to death as a result of any cause or the
last follow-up if the patient was alive. Progression-free survival (PFS) was defined as the time from the initial date of
treatment to disease progression or the last follow-up if the
patient had not progressed. Survival curves were generated
using the Kaplan-Meier method, and the difference between
the curves according to PD-L1 status was evaluated using
the log-rank test. The Cox proportional hazard model was
used to assess hazard ratios (HRs) of prognostic factors for
OS. All factors showing statistical significance in univariate

analyses or clinical significance were included in the multivariate analysis. All p-values are two sided, and a level of 5%
was considered statistically significant. All statistical analyses were performed using SPSS ver. 21 (IBM Co., Armonk,
NY).

Results
1. Patient characteristics
From October 2002 to September 2013, of a total of 198
patients with OSCC who underwent screening, 133 patients
(67%) were eligible for the current study. Patient characteristics are described in Table 1. The median age of patients
was 57.5 years (range, 35 to 80 years), 120 patients (90%) were
male, and 51 (38%) were never smokers. Seventy-nine
patients (59%) had stage IV disease at diagnosis, and the
most common site of tumor origin was tonsil (78%), followed
by soft palate (7%) and base of tongue (3%). Ninety-two
patients (69%) underwent curative intent surgery, and 35
(26%) underwent CCRT.
2. Prevalence of PD-L1 expression on tumor cell membrane
Overall, PD-L1 expression was positive in 90 patients
(68%) and negative in 43 (32%). PD-L1 expression according
to proportion was scored using various cutoff values as
absent (no staining) in 15 patients (11%), " 10% in 116 (87%),
" 20% in 90 (68%), " 50% in 51 (38%), and " 80% in 23 (17%).
PD-L1 expression according to intensity was scored as absent
in 15 patients (11%), weak in 55 (41%), moderate in 43 (32%),
and strong in 20 (15%). The proportion score of PD-L1
expression showed correlation with the intensity score (Pearson coefficiency r=0.451, p=0.01).
3. Association of PD-L1 expression and clinical characteristics
No statistically significant association was observed
between PD-L1 expression and age, sex, location of tumor
origin, or stage (Table 1). In addition, smoking history was
not associated with PD-L1 expression in the tumor cell membrane (p=0.343).
4. Association of PD-L1 and p16 expression
A total of 89 patients (67%) were positive for p16. Patients
with p16 positivity had more advanced nodal (N2-3; 62% vs.
48%, p=0.002) and tumor stage (III-IV; 94% vs. 73%, p=0.001),
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Table 1. Clinicopathologic characteristics of patients with oropharyngeal squamous cell carcinoma and their relationship
with PD-L1 expression
Characteristic
Age (yr)
" 65 yr
Sex
Male
Female
Smoking
Never smoker
Ever smoker
Location
Tonsil
Base of tongue
Soft palate
Oropharynx, NOS
T stage
T1
T2
T3
T4
N stage
N0
N1
N2
N3
AJCC stage
I
II
III
IV
HPV p16 status
Positive
Negative
First-line curative modality
Operation
CCRT
RT

No. of patients (n=133)
57.5 (35.4-80.1)
30 (22.6)

PD-L1 (+) (n=90)

PD-L1 (–) (n=43)

p-value

57.3 (35.4-72.8)
17 (18.9)

57.7 (42.2-80.1)
13 (30.2)

0.203
0.108

120 (90.2)
13 (9.8)

78 (86.7)
12 (13.3)

42 (97.7)
1 (2.3)

0.060

51 (38.3)
82 (61.7)

37 (41.1)
53 (58.9)

14 (32.6)
29 (67.4)

0.343

104 (78.2)
4 (3.0)
9 (6.8)
16 (12.0)

75 (83.3)
2 (2.2)
4 (4.4)
9 (10.0)

29 (67.4)
2 (4.7)
5 (11.6)
7 (16.3)

0.197

33 (24.8)
74 (55.6)
15 (11.3)
11 (8.3)

18 (20.0)
53 (58.9)
10 (11.1)
9 (10.0)

15 (34.9)
21 (48.8)
5 (11.6)
2 (4.7)

0.247

22 (16.5)
35 (26.3)
68 (51.1)
8 (6.0)

14 (15.6)
19 (21.1)
50 (55.6)
7 (7.8)

8 (18.6)
16 (37.2)
18 (41.9)
1 (2.3)

0.137

8 (6.0)
9 (6.8)
37 (27.8)
79 (59.4)

3 (3.3)
6 (6.7)
22 (24.4)
59 (65.6)

5 (11.6)
3 (7.0)
15 (34.9)
20 (46.5)

0.100

89 (66.9)
44 (33.1)

63 (70)
27 (30)

26 (60.5)
17 (39.5)

0.274

92 (69.2)
35 (26.3)
6 (4.5)

60 (66.7)
27 (30.0)
3 (3.3)

32 (74.4)
8 (18.6)
3 (7.0)

0.280

Values are presented as median (range) or number (%). PD-L1, programmed cell death-ligand 1; NOS, not otherwise specified; AJCC, American Joint Committee on Cancer; HPV, human papillomavirus; CCRT, concurrent chemoradiation therapy;
RT, radiation therapy.

and were more likely to have tonsillar cancer (89% vs. 57%,
p < 0.001) than those negative for p16 (Table 2). p16 expression was more frequently observed in tonsillar cancer compared with other oropharyngeal cancers (79/104 [76%] vs.
10/29 [34%], p < 0.001).
No significant correlation was observed between PD-L1
and p16 expression (63/89 [71%] for p16-positive and 27/44
[61%] for p16-negative tumors, respectively, p=0.274). In
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analysis with several cutoff values of PD-L1 expression
including proportion score and intensity score, no correlation
was observed between PD-L1 and p16 expression. When the
analysis was restricted to patients with tonsillar cancer, no
association was found between PD-L1 expression and p16
expression (57/79 [72%] for p16 positive vs. 18/25 [72%] for
p16 negative, p=0.988).
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Table 2. Clinicopathologic characteristics of patients with oropharyngeal squamous cell carcinoma and their relationship
with HPV expression
Characteristic
Age (yr)
" 65 yr
Sex
Male
Female
Smoking
Never smoker
Ever smoker
Location
Tonsil
Base of tongue
Soft palate
Oropharynx, NOS
T stage
T1
T2
T3
T4
N stage
N0
N1
N2
N3
AJCC stage
I
II
III
IV
PD-L1 status
Positive
Negative
First-line curative modality
CCRT
Operation
RT

p16 (–) (n=44)
59.0 (35.4-80.1)
14 (31.8)

p16 (+) (n=89)
54.9 (41.4-73.5)
16 (18.0)

p-value
0.100
0.072

42 (95.5)
2 (4.5)

78 (87.6)
11 (12.4)

0.130

14 (31.8)
30 (68.2)

37 (41.6)
52 (58.4)

0.276

25 (56.8)
3 (6.8)
8 (18.2)
8 (18.2)

79 (88.8)
1 (1.1)
1 (1.1)
8 (9.0)

< 0.001

9 (20.5)
22 (50.0)
8 (18.2)
5 (11.4)

24 (27.0)
52 (58.4)
7 (7.9)
6 (6.7)

0.220

15 (34.1)
8 (18.2)
19 (43.2)
2 (4.5)

7 (7.9)
27 (30.3)
49 (55.1)
6 (6.7)

0.002

4 (9.1)
8 (18.2)
9 (20.5)
23 (52.3)

4 (4.5)
1 (1.1)
28 (31.5)
56 (62.9)

0.001

27 (61.4)
17 (38.6)

63 (70.8)
26 (29.2)

0.274

7 (15.9)
35 (79.5)
2 (4.5)

28 (31.5)
57 (64.0)
4 (4.5)

0.155

Values are presented as median (range) or number (%). HPV, human papillomavirus; NOS, not otherwise specified; AJCC,
American Joint Committee on Cancer; PD-L1, programmed cell death-ligand 1; CCRT, concurrent chemoradiation therapy;
RT, radiation therapy.

5. Association of PD-L1 expression and survival
Over a median follow-up period of 44 months (range, 2.8
to 119.3 months), 15 PD-L1–positive patients (17%) and nine
PD-L1–negative patients (21%) died. The 3-year OS was 85%
for PD-L1–positive and 87% for PD-L1–negative disease.
Median PFS and OS have not yet been reached in the entire
cohort. Results of Kaplan-Meier analysis showed no signifi-

cant difference in PFS and OS between PD-L1–positive and
PD-L1–negative patients (p=0.519 and p=0.625, respectively)
(Fig. 1A and B). In analysis with several cutoff values of
PD-L1 expression including proportion score and intensity
score, we found no significant difference in PFS and OS. The
patients were further divided into p16-positive and p16-negative groups. Even though p16-positive patients had more
advanced stage, they tended to show a more favorable PFS,
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Fig. 1. Kaplan-Meier curves of overall survival (OS) and progression-free survival (PFS) according to programmed cell
death-ligand 1 (PD-L1) expression status in patients with oropharyngeal squamous cell carcinoma. The p-value for difference
between the two curves was determined using the log-rank test. (A) OS for overall population. (B) PFS for overall population.
(C) OS for the p16-positive group. (D) PFS for the p16-positive group. (E) OS for the p16-negative group. (F) PFS for the p16negative group.
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Fig. 2. Kaplan-Meier curves of overall survival (OS) (A) and progression-free survival (PFS) (B) according to p16 expression
status in patients with oropharyngeal squamous cell carcinoma.

but without statistical significance (p=0.091) (Fig. 2A and B).
In the p16-positive subgroup, patients with PD-L1 expression
had longer PFS than PD-L1–negative patients (p=0.049),
but no significant difference in OS was observed (p=0.165)
(Fig. 1C and D). In the p16-negative subgroup, PD-L1 expression was not associated with OS or PFS (p=0.356 and
p=0.206, respectively) (Fig. 1E and F).
To determine the prognostic value of PD-L1 expression for
OS, univariate and multivariate analyses were performed
using the Cox regression model (Table 3). Old age (HR, 2.834;
95% confidence interval [CI], 1.206 to 6.660; p=0.017) and
advanced T stage (T1-2 vs. T3-4; HR, 5.806; 95% CI, 2.430 to
13.868; p < 0.001) remained independent factors for poor
prognosis, but PD-L1 expression did not affect OS regardless
of HPV status.

Discussion
HNSCC is recognized as an immunosuppressive disease
[16]. In a clinical trial, immunotherapy targeting the
PD-1:PD-L1 axis yielded an objective response in a subset of
individuals with HNSCC [10] and a recent study suggested
correlation of PD-L1 expression in tumors with response to
PD-1 targeted therapy [9]. Taking these findings together, it
is worth investigating the prognostic role of PD-L1 expression. PD-L1 expression in the tumor has shown correlation
with both favorable and unfavorable outcomes in various
malignancies. Several studies have examined PD-L1 expression in HNSCC [11,12,17]; however, the clinicopathologic

characteristics associated with PD-L1 expression remain
largely unknown.
In the study by Cho et al. [18], PD-L1 expression was positive in 39 of 43 OSCCs (91%) and did not show correlation
with clinicopathologic factors or OS. Ukpo et al. [17] reported
that PD-L1 was expressed in 84 of 181 patients (46%) with
oropharyngeal cancer and no association was observed
between PD-L1 expression and gender, smoking history,
stage, or other clinical parameters; however, there was an
association between PD-L1 expression and distant metastasis
(p=0.03). In the current study, 68% of OSCC patients showed
PD-L1 expression, consistent with previous results [17,18].
However, expression of PD-L1 in tumor cells did not show
correlation with any clinicopathologic features, including
PFS and OS.
Other studies in nasopharyngeal cancer have reported conflicting results; one study reported an association of PD-L1
expression with TNM stage, while the other showed no correlation with any of the clinicopathologic parameters examined [19,20]. These conflicting results in various tumors may
be attributed in part to the lack of uniformity in assays,
including intra- or inter-observer variability of IHC, lack of
standardized antibodies for determining PD-L1 expression,
and various cutoff values for defining positive expression.
Another possible explanation is that PD-L1 signaling not
only down regulates antitumor effector T cell immunity, but
also interacts with the innate and adaptive immune response
[21]. In a recent study, tumors with PD-L1 positivity at baseline showed a significant decrease in PD-L1 expression at disease progression, whereas tumors with PD-L1 negativity at
baseline showed a significant increase in PD-L1 expression
at disease progression, irrespective of chemotherapeutic reg-
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Table 3. Univariate and multivariate analysis to assess the association of clinical parameters with survival
Characteristic
Age (< 65 yr vs. " 65 yr)
Sex (male vs. female)
Smoking (never vs. ever)
Tumor location (tonsil vs. others)
T stage (T1-2 vs. T3-4)
N stage (N0-1 vs. N2-3)
HPV status (no vs. yes)
PD-L1: cutoff 5% (no vs. yes)
PD-L1: cutoff 20% (no vs. yes)
First-line curative modality
(CCRT/RT vs. operation)

Univariate analysis
HR (95% CI)
2.531 (1.105-5.793)
0.042 (0.001-10.401)
2.198 (0.904-5.349)
1.798 (0.766-4.220)
6.311 (2.656-14.991)
2.532 (1.004-6.384)
0.595 (0.266-1.328)
0.698 (0.238-2.046)
0.814 (0.356-1.863)
1.365 (0.506-3.681)

p-value
0.028
0.278
0.083
0.17
< 0.001
0.049
0.205
0.513
0.626
0.539

Multivariate analysis
HR (95% CI)
2.834 (1.206-6.660)
2.270 (0.913-5.644)
5.806 (2.430-13.868)
2.118 (0.836-5.365)
-

p-value
0.017
0.078
< 0.001
0.114
-

HR, hazard ratio; CI, confidence interval; HPV, human papillomavirus; PD-L1, programmed cell death-ligand 1; CCRT, concurrent chemo-radiation therapy; RT, radiation therapy.

imens [22]. This study suggests the possibility of dynamic
changes in PD-L1 expression. Moreover, differences in
PD-L1 expression between tumor cells and tumor infiltrating
inflammatory cells may be a possible cause of conflicting
results. Bhandari and Siva [23] reported that higher PD-L1
expression in tumor cells was associated with advanced disease in patients with urothelial carcinoma and also showed
correlation with poor survival. Another study reported that
PD-L1 in urothelial carcinoma cells was not predictive for
OS, but positive PD-L1 expression in tumor infiltrating
mononuclear cells showed significant association with longer
survival [24]. Therefore, the prognostic value of PD-L1
expression should be further explored.
HPV-HNSCC arises from deep crypts within the lymphoid
tissue of the tonsil and base of the tongue and the majority
of cases can be distinguished from HPV-negative HNSCC by
the characteristic infiltration of lymphocytes in the stroma
and tumor nests [25]. There is substantial evidence that
HNSCC is an immunosuppressive disease, particularly
HPV-positive HNSCC, and recent preclinical and clinical
studies suggest that the PD-1:PD-L1 pathway is highly
related to the pathogenesis of HPV-HNSCC [11,12,16].
However, it is unclear whether the PD-1:PD-L1 pathway
plays a greater role in HPV-positive HNSCC compared to
HPV-negative HNSCC.
In the current study, 67% of patients had p16-positive disease indicating HPV-OSCC, consistent with previous reports
[4]. We found that HPV-OSCC was associated with more
advanced N stage, a trend for less advanced T stage, and
occurrence at a relatively young age. In addition, there was
a trend toward favorable PFS in p16-positive patients compared to p16-negative patients despite the more advanced
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stage in the p16-positive group. In this study, the small
difference in survival benefit in the HPV-positive OSCC
group may be attributed to the limited sample size and relatively few events in the entire cohort.
We found no association between PD-L1 expression and
HPV status. Similarly, Badoual et al. [11] reported that 33 of
64 HNSCCs (51.5%) expressed a significant level of PD-L1 in
tumor cells, but no correlation was observed between PD-L1
expression and HPV status (HPV positive vs. negative,
62.5% vs. 40%, p=0.08). However, HPV-HNSCC was more
heavily infiltrated by CD8+ T cells (p=0.01) and PD-1+CD4+
T cells (p=0.045), and the total number of PD-1+CD4+ and
PD-1+CD8+ T cells (p=0.045) was higher than that in HPVnegative HNSCC. Ukpo et al. [17] reported the presence of
PD-L1 expression in 68 of 138 HPV mRNA-positive patients
(49%) compared with 14 of 41 HPV mRNA-negative patients
(34%) (odds ratio, 3.4; p=0.08). In contrast, Lyford-Pike et al.
[12] reported that PD-L1 was expressed at a much higher
level in HPV-positive tumors compared with HPV-negative
tumors (14/20 [70%] vs. 2/7 [29%]).
A recent study reported that PD-L1 expression in tumors
showed correlation with improved efficacy of the immune
checkpoint inhibitor anti–PD-1 antibody in NSCLC [9]. The
predictive role of PD-L1 expression in HNSCC patients
treated with immune checkpoint inhibitors should be further
explored. In addition, given the high expression of PD-L1
regardless of HPV status, clinical studies with anti–PD-1 or
anti–PD-L1 antibody are warranted in both HPV-positive
and HPV-negative patients. Identification of predictive biomarkers related to efficacy of immune checkpoint inhibitors,
in combination with HPV status, might provide further clinical benefit to patients with HNSCC.
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Our study has several limitations. First, 33% of patients
diagnosed with OSCC were not included in the current
analysis because of lack of tumor tissue, indicating a potential selection bias. Second, even though a relatively large
cohort was analyzed, compared to previous studies, because
of the favorable prognosis of OSCC only a few events
occurred in the entire cohort. This might limit the power of
the study to determine the prognostic role of PD-L1 expression. Consequently, it is not yet certain that PD-L1 expression
truly has no prognostic role or it is just a reflection of lack of
statistical power. Third, we did not explore PD-L1 expression
in TILs. Finally, the inherent nature of a retrospective study
makes it impossible to explore any dynamic changes in
PD-L1 expression.

Conclusion
In conclusion, we showed that PD-L1 was highly
expressed in OSCC, but there was no correlation between
PD-L1 expression and HPV status. Further large prospective
studies are required to determine the role of PD-L1 expression as a prognostic or predictive biomarker, and clinical
studies of immune checkpoint inhibitors in OSCC are warranted regardless of HPV status.
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Tumor Volume Reduction Rate during Adaptive Radiation Therapy as
a Prognosticator for Nasopharyngeal Cancer

Purpose
The purpose of this study is to evaluate the prognostic significance of the tumor volume
reduction rate (TVRR) measured during adaptive definitive radiation therapy (RT) for
nasopharyngeal cancer (NPC).
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Materials and Methods
We reviewed the RT records of 159 NPC patients treated with definitive RT with or without
concurrent chemotherapy between January 2006 and February 2013. Adaptive re-planning
was performed in all patients at the third week of RT. The pre- and mid-RT gross tumor volumes (GTVs) of the primary tumor and the metastatic lymph nodes were measured and
analyzed for prognostic implications.
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Results
After a median follow-up period of 41.5 months (range, 11.2 to 91.8 months) for survivors,
there were 43 treatment failures. The overall survival and progression-free survival (PFS)
rates at 5 years were 89.6% and 69.7%, respectively. The mean pre-RT GTV, mid-RT GTV,
and TVRR were 45.9 cm3 (range, 1.5 to 185.3 cm3), 26.7 cm3 (1.0 to 113.8 cm3), and
–41.9% (range, –87% to 78%), respectively. Patients without recurrence had higher TVRR
than those with recurrence (44.3% in the no recurrence group vs. 34.0% in the recurrence
group, p=0.004), and those with TVRR > 35% achieved a significantly higher rate of PFS at
5 years (79.2% in TVRR > 35% vs. 53.2% in TVRR " 35%; p < 0.001). In multivariate analysis,
TVRR was a significant factor affecting PFS (hazard ratio, 2.877; 95% confidence interval,
1.555 to 5.326; p=0.001).
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Conclusion
TVRR proved to be a significant prognostic factor in NPC patients treated with definitive RT,
and could be used as a potential indicator for early therapeutic modification during the RT
course.

Introduction
Radiation therapy (RT) with or without concurrent chemotherapy is an established definitive treatment modality for
both early and locally advanced stage nasopharyngeal cancer
(NPC). Although it allows favorable oncologic outcomes,

│ http://www.e-crt.org │

Key words
Tumor volume reduction rate, Nasopharyngeal carcinoma,
Radiotherapy, Adaptive therapy, Prognostic factor

there is a wide range of response to RT, highlighting the need
to identify patients who might have radiation resistance and
high risk of recurrence. Thus, earlier prediction of RT response and consequent long-term prognosis might be a critical
issue for tailoring subsequent treatment to increase the
chance of a cure in an individual patient.
The TNM staging system is the most commonly accepted
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staging method for head and neck cancer, and it aids clinicians in determining prognosis and in selecting the most
optimal therapeutic modality [1]. The TNM staging system
is considered the most important prognostic factor; however,
because it is usually based on the size and/or extent of the
primary tumor and/or metastatic lymph node, it sometimes
does not correlate with actual tumor burden [2]. Although
this uni- or bi-dimensional measurement is an important factor, three-dimensional volumetric data have become another
important factor that should be considered, particularly
when using non-surgical therapies, such as RT or chemotherapy.
Many studies have demonstrated the prognostic value of
tumor volume in various cancers, and there is mounting
evidence that pretreatment tumor volume and/or residual
tumor volume have prognostic value [3-6]. However, few
studies investigating changes in tumor volume during RT as
a prognostic factor have been reported [7-10]. We previously
reported on the prognostic impact of tumor volume reduction rate (TVRR) measured during adaptive RT for oropharyngeal cancer [8].
In regard to the nasopharynx subsite of head and neck cancer, however, TVRR as a prognostic factor has not been
reported yet, thus its prognostic role remains uncertain. The
aim of this study was therefore to examine the volumetric
parameters measured before and during definitive RT to
determine possible prognostic implications in NPC patients.
To the best of our knowledge, the present study is the first
to report on the value of TVRR as an independent prognostic
factor in NPC.

Materials and Methods
1. Patient selection
We reviewed the medical records of consecutive NPC
patients treated with definitive RT with or without concurrent chemotherapy at Samsung Medical Center between
March 2006 and February 2013. To be eligible for the current
study, patients were required to have (1) histologically confirmed carcinoma of the nasopharynx, (2) no distant metastasis at the time of initial diagnosis, (3) completed more than
90% of the planned RT course without significant interruption, and (4) available RT plans. The exclusion criteria were
(1) other non-squamous cell carcinoma histologic types such
as lymphoma and salivary type carcinoma, (2) patients
whose primary tumor or neck node was surgically removed
or who received induction chemotherapy before RT, and (3)
immediate follow-up loss after completion of RT. Conse-
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quently, 159 NPC patients were eligible.
Before the initiation of RT, complete medical history taking
and physical examination, direct flexible fiberoptic endoscopic examination, computed tomography (CT) scans and
magnetic resonance image of the head-and-neck region, and
whole-body 18F-fluorodeoxyglucose positron emission tomography (PET) with CT were performed in all patients.
2. Treatment scheme
Each patient underwent CT simulation in the supine position, immobilized by a thermoplastic mask, with a mouthpiece to keep the mouth open. Simulation CT images were
obtained at 2.5- to 3.75-mm slice intervals with intravenous
contrast enhancement. A second CT simulation was performed in all patients in order to generate an adaptive
re-plan after delivery of the median 14 fractions (12 to 17 fractions). All sets of acquired simulation CT images were
imported into the Pinnacle3 treatment planning system (ver.
9.2, Royal Phillips Electronics, Miami, FL), and the gross
tumor volumes (GTVs) of the primary tumor and the
metastatic lymph nodes were manually contoured. The
delineation of GTV was based on both clinical examination
findings as well as all available diagnostic images.
RT techniques were either 3-dimensional conformal RT
(3D-CRT) using 4 MV and/or 10 MV photons from linear
accelerator or intensity-modulated radiation therapy (IMRT)
using 6 MV photons from helical tomotherapy.
The clinical target volume (CTV) was arbitrarily subdivided into two risk levels: high risk CTV encompassed the
immediately adjacent regions to the GTVs and the lymph
nodes considered at equivocal risk of metastasis based on
size, shape, and PET uptake; and low risk CTV covered the
apparently uninvolved lymphatics and more than one station away from the nodal GTV.
The prescribed radiation dose was differently according to
the RT technique. When using 3D-CRT technique, the doses
to the GTV, high risk CTV and low risk CTV were 70 Gy in
35 fractions, 54 Gy in 27 fractions, and 36 Gy in 18 fractions,
respectively, with 2 Gy per fraction. When using IMRT technique, simultaneous integrated boost (SIB) was adapted, and
the dose schedules changed during the study period. In earlier cases, the fraction sizes were 2.2 Gy to the GTV and 2.0
Gy to the CTV throughout the RT course. In later cases, the
fraction sizes to the GTV and CTV were 2.2 Gy and 2.0 Gy
during the first 18 fractions, and then 2.4 Gy and 2.0 Gy during the following 12 fractions, respectively. As a result, the
actually delivered doses to the GTV, high risk and low risk
CTVs were 66.0 or 68.4 Gy in 30 fractions, 60 Gy in 30 fractions, and 36 Gy in 18 fractions, respectively. The schemes of
the adaptive re-plans and measurements of the GTVs along
the RT courses are illustrated in Fig. 1.
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Three-dimensional conformal radiation therapy: 70 Gy in 35 fractions over 7 wk
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Fig. 1. Scheme of adaptive re-plan for tumor volume measurements along the radiation therapy (RT) course. CT, computed
tomography.
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Fig. 2. Examples of gross tumor volume (GTV) delineation: GTVs of primary tumor (pGTV) and metastatic lymph node
(nGTV) were delineated on computed tomography images taken before radiation therapy (A, C) and during radiation therapy
(at 28.6 Gy irradiation) (B, D) in a patient with cT3N2M0 nasopharyngeal cancer. Tumor reduction rate in this case was
–40%.
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Table 1. Patients’ characteristics
Characteristic
Age (yr)
# 50
> 50
Sex
Male
Female
History of smoking
Never smoker
Current or ex-smoker
Clinical T stage
cT1
cT2
cT3
cT4
Clinical N stage
cN0
cN1
cN2
cN3
TNM stage
I
II
III
IVA/B
Low neck involvement
No
Yes
Treatment modality
RT alone
CCRT
RT fractionation
Conventional
Accelerated
Adjuvant chemotherapy
No
Yes

3. Measurement of tumor volume and TVRR
No. of patients (%)
76 (47.8)
83 (52.2)
150 (94.3)
9 (5.7)
84 (52.8)
75 (41.2)
71 (44.7)
24 (15.1)
36 (22.6)
28 (17.6)
29 (18.2)
56 (35.2)
67 (42.1)
7 (4.4)
15 (9.4)
39 (34.5)
70 (44.0)
35 (22.0)
130 (81.8)
29 (18.2)
24 (15.1)
135 (84.9)
46 (28.9)
113 (71.1)
104 (65.4)
55 (34.6)

RT, radiation therapy; CCRT, concurrent chemoradiation
therapy.

In accordance with institutional guidelines, patients with
locally advanced disease such as clinical T3 or T4 tumors
and/or lymph node metastasis received concurrent chemotherapy with RT, unless they had no contraindication to
addition of chemotherapy. Three weeks after completion of
RT, adjuvant chemotherapy (1 to 3 cycles of cisplatin+5-fluorouracil) was optionally administered to some NPC patients.
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The primary tumor and the metastatic lymph nodes were
delineated on both the pre- and mid-RT simulation CT
images, and 3-dimensional tumor volumes were calculated
on the RT planning system. Examples of the GTV delineation
are illustrated in Fig. 2. Changes in the GTV’s between these
two CT images were also analyzed. TVRR was defined as the
percent (%) reduction of the GTV in relation to the pre-RT
GTV, where TVRR=(Pre-RT GTV–Mid-RT GTV)/Pre-RT
GTV.
4. Post-treatment follow-up
All patients were asked to visit for follow-up evaluation of
disease status on a regular basis. The first evaluation was
scheduled at one month of RT completion, and then every 3
months for the first 2 years, every 6 months until 5 years, and
annually thereafter. On each visit, a thorough physical
examination was performed together with imaging studies
alternating between CT of the head-and-neck region and
PET-CT.
5. Statistical analysis
The overall survival (OS) duration was measured from the
date of RT initiation to the date of death or last follow-up
visit, and progression-free survival (PFS) from the date of RT
initiation to the date of first recurrence of disease of any type
or the last clinical follow-up. The rates of OS and PFS were
calculated using Kaplan-Meier estimates with the log-rank
test for univariate comparison.
The relationship between the volumetric parameters and
clinical outcome was assessed using Mann-Whitney U test.
Prognostic factor analyses between tumor volume parameters were performed as both continuous and categorical variables to determine which independently affected prognosis.
The optimal thresholds of the continuous variables were
determined to be those producing the highest accuracy. The
discriminatory performances of the volumetric data were
assessed by receiver operating characteristic (ROC) analysis.
The log-rank test was used for validation of the determined
cut-off values.
Cox proportional hazard regression analysis was used to
determine the implications of the potential prognosticators.
The statistical tests were two-sided, and a p-value of < 0.05
was considered statistically significant. Factors with p-value
of < 0.2 in univariate analysis were included in the multivariate analyses. Variable risk was expressed as a hazard ratio
(HR) with a corresponding 95% confidence interval (95% CI).
Statistical analysis was performed using SPSS ver. 18.0 (SPSS
Inc., Chicago, IL).
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Table 2. Comparison analyses of volumetric parameters according to recurrence status
Parameter
Pre-RT GTV
Primary
Nodal
Total
Mid-RT GTV
Primary
Nodal
Total
TVRRb)
Primary
Nodalc)
Total

Recurrence, mean (range, cm3)
No

p-valuea)

Yes

24.2 (1.5 to 93.8)
16.8 (0.0 to 112.7)
40.9 (1.5 to 138.0)

32.6 (2.9 to 165.7)
26.2 (0.0 to 116.6)
58.8 (6.0 to 185.3)

0.089
0.022
0.004

14.5 (0.6 to 74.2)
7.9 (0.0 to 49.8)
22.3 (1.0 to 87.9)

23.4 (1.6 to 104.5)
14.7 (0.0 to 84.9)
38.0 (5.3 to 113.8)

0.006
0.009
< 0.001

–43.4 (–93.5 to 3.8)
–46.1 (–85.5 to 98.9)
–44.3 (–87.2 to 3.80)

–28.1 (–86.9 to 51.5)
–38.4 (–83.0 to 139.3)
–34.0 (–72.0 to 78.3)

0.004
0.143
0.004

RT, radiation therapy; GTV, gross tumor volume, TVRR, tumor volume reduction rate. a)Calculated by Mann-Whitney test,
b)
Tumor volume reduction rate=(Mid-RT GTV–Pre-RT GTV)/Pre-RT GTV, c)Nodal TVRRs were calculated from 130 patients
with clinically positive nodes.

Results
1. Patients and treatment characteristics
The characteristics of the patients and the treatment are
shown in Table 1. The median age was 51 years, ranging
from 17 to 86 years, and 94.3% of the patients were male.
Approximately half of the pretreatment clinical T stage was
cT1 (77 patients, 44.7%), but the majority of patients (130
patients, 81.8%) had metastatic lymph nodes on initial diagnosis. The distribution of TNM stage based on the American
Joint Committee on Cancer (AJCC) seventh edition was stage
I in 15 patients (9.4%), II in 39 (34.5%), III in 70 (44.0%), and
IVA/B in 35 (22.0%).
Concurrent chemotherapy with RT was administered to
135 patients (84.9%). The median total radiation dose was
68.4 Gy (66 to 72.4 Gy), and 113 patients (71.1%) received
IMRT. A cisplatin-based regimen was administered concurrently to all patients: cisplatin 100 mg/m2 every 3 weeks was
administered to 111 patients (69.8%); weekly cisplatin
20 mg/m2 to 23 (14.5%); and cisplatin plus docetaxel
20 mg/m2 every 3 weeks to one (0.6%), respectively. After
completion of RT, adjuvant chemotherapy with cisplatin plus
5-fluorouracil was administered to 34.6% of patients.
2. Survival outcome
The median follow-up duration for survivors was 41.5
months (range, 11.2 to 91.8 months). Treatment failure of any

type was observed in 43 patients (27.0%), and 13 patients
died during the follow-up period. The estimated 5-year PFS
and OS rates were 69.7% and 89.6%, respectively. As
expected, patients with more advanced TNM stage had
worse OS and PFS: OS rates at 5 years were 100% in stages I
and II, 84.7% in stage III, and 82% in stage IV (p=0.045),
respectively. Five-year PFS rates were 100% in stage I, 77%
in stage II, 64.0% in stage III, and 58.2% in stage IV disease
(p=0.022).
3. Tumor volumetric parameters
The mean volumes of pre-RT and mid-RT GTVs were 45.9
cm3 (range, 1.5 to 185.3 cm3) and 26.7 cm3 (range, 1.0 to 113.8
cm3), respectively. The mean TVRR relative to pre-RT baseline was –41.9%, ranging from –87% to 78%. TVRR did not
correlate with the pre-RT GTV (Spearman’s correlation coefficient, 0.041; p=0.511).
In correlation analyses between TNM stage and volumetric
parameters, positive correlation was observed between
absolute GTVs and TNM stages. We performed a correlation
analyses between TNM stage and volumetric parameters.
There was a positive correlation between absolute GTVs and
TNM stages. The mean±standard deviation (SD) of pre-RT
GTV according to each stage was as follows: 12.6±6.3 cm3 in
stage I, 29.4±22.5 cm3 in stage II, 50.2±31.0 cm3 in stage III,
and 70.0±41.5 cm3 in stage IV (Spearman correlation coefficient, 0.562; p < 0.001). The mean±SD of mid-RT GTV according to each stage was 7.1±4.6 cm3 in stage I, 13.7±8.6 cm3 in
stage II, 29.4±20.0 cm3 in stage III, and 44.0±28.3 cm3 in stage
VOLUME 48 NUMBER 2 APRIL 2016
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Fig. 3. (A) Univariate analyses of various cut-offs of tumor volume reduction rate (TVRR) in the context of predicting progression-free survival. (B) Kaplan-Meier curves of progression-free survival stratified using a 35% TVRR.

IV (Spearman correlation coefficient, 0.583; p < 0.001). TVRR
showed a marginally significant correlation with clinical
stages: 46.8%±25.1%, 39.1%±25.9%, 30.7%±24.8%, and 30.8%±
21.7%, respectively (Spearman correlation coefficient, 0.138;
p=0.082).
The results of the correlation analyses of the volumetric
parameters according to recurrence status are shown in
Table 2. Patients without recurrence tended to show lower
pre- and mid-RT GTVs and higher TVRR compared to
patients with recurrence.

criminative power was identified as 35% of TVRR. The PFS
rate of patients with TVRR > 35% was 79.2%, while that of
those with TVRR # 35% was 53.2% (Fig. 3B).
Results of univariate and multivariate analyses of the
impacts of patient- and treatment-related factors on PFS are
shown in Table 3. In multivariate analysis, TVRR was identified as an independently significant prognostic factor for
PFS when adjusted for clinical factors (HR, 2.877; 95% CI,
1.555 to 5.326; p=0.001).

4. TVRR as a prognostic factor
As continuous variables, all volumetric parameters showed statistical significance in univariate analysis for PFS (preRT GTV [HR, 1.011; 95% CI, 1.004 to 1.018; p=0.03], mid-RT
GTV [HR, 1.024; 95% CI, 1.013 to 1.035; p < 0.001], and TVRR
[HR, 7.514; 95% CI, 2.777 to 20.329; p < 0.001]), but only
TVRR displayed prognostic significance in multivariate
analysis (HR, 5.949; 95% CI, 1.090 to 32.467; p=0.038).
In ROC analysis, the calculated area under the ROC curve
of TVRR was 0.647 (p=0.004). A TVRR cut-off value of 35%
showed the maximal discriminative power (sensitivity,
66.7%; specificity, 71.2%).
When dichotomized by various TVRR cut-off values, the
PFS rate for the higher TVRR group was higher than that of
the lower TVRR group (Fig. 3A). The most significantly dis-
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Discussion
In this study, we investigated the usefulness of TVRR
measured from simulation CT before and during adaptive
RT in patients with NPC. The most significant result of the
present study was that TVRR was an independent prognostic
factor in terms of predicting PFS in NPC patients treated with
definitive RT with or without concurrent chemotherapy.
TVRR during the RT course has recently emerged as a
prognostic factor in various malignancies including head and
neck cancers. In a previous study, we reported on the prognostic impact of TVRR measured during definitive RT on
loco-regional control [8]. With a 35% cut-off value of TVRR,
the 3-year loco-regional control rate was 94.4% in patients
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Table 3. Factors affecting progression-free survival in univariate and multivariate analyses
Characteristic

Univariate analysis
5-yr PFS (%)

Age (# 50 yr vs. > 50 yr)
Sex (male vs. female)
History of smoking (never vs. current/ex-smoker)
Clinical T stage (cT1-2 vs. cT3-4)
Clinical N stage (cN0-1 vs. cN2-3)
Low neck node involvement (no vs. yes)
TNM stage (I -II vs. III-IV)
RT fractionation (conventional vs. accelerated)
Adjuvant chemotherapy (no vs. yes)
Pre-RT tumor volume (# 45 mm3 vs. > 45 mm3)
Tumor volume reduction rate (> 35% vs. # 35%)

67.4 vs. 74.5
70.5 vs. 88.9
73.9 vs. 67.3
75.6 vs. 64.2
77.5 vs. 63.8
73.5 vs. 60.1
83.7 vs. 64.4
71.1 vs. 71.3
71.5 vs. 70.0
77.9 vs. 59.4
79.2 vs. 53.2

p-value
0.451
0.539
0.385
0.065
0.053
0.166
0.008
0.942
0.708
0.005
< 0.001

Multivariate analysis
HR (95% CI)

p-value

0.861 (0.469-1.583)
0.506 (0.068-3.753)
1.658 (0.819-3.357)
2.036 (0.880-4.708)
1.414 (0.730-2.736)
2.877 (1.555-5.326)

0.631
0.506
0.160
0.097
0.304
0.001

PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; RT, radiation therapy.

with higher TVRR, but 72.4% in those with less TVRR. Yang
et al. [11] also demonstrated that TVRR was a predictor for
local control in patients with oro- and hypopharyngeal cancer treated with IMRT. Hoeben et al. [9], who studied 18Ffluorothymidine PET-CT before and during the course of RT
for head and neck squamous cell carcinoma, reported that
GTV decrease above median (31%) was associated with significantly better 3-year loco-regional control and disease-free
survival. Our results were consistent with those reported in
these studies in that TVRR also influenced prognosis in NPC.
The other main finding from the present study was that
pre- and mid-RT absolute tumor volumes had less impact on
clinical outcomes than TVRR. Several studies have reported
association of pre-treatment tumor volume with the probability of tumor control and survival in patients with headand-neck cancer arising in the subglottic larynx [12], the
hypopharynx [13], the oropharynx [5], and the nasopharynx
[4]. The present study also showed that pre- and mid-RT
GTV were statistically significant in univariate analysis. After
adjustment for other volumetric parameters, however, these
factors lost their prognostic significance (Table 3). Based on
this result, we would speculate that TVRR has a greater prognostic value than absolute tumor volume.
In addition to the prognostic role of TVRR, it could provide
additional discriminative efficacy in risk group stratification
during the course of definitive RT. Adaptive re-planning
during the RT course is an emerging issue being routinely
incorporated into clinical practice at many institutions. Variable degrees of volumetric and geometric changes are commonly observed during the RT course in treatment of head
and neck cancer [14,15]. Many radiation oncologists recommend repeated CT simulation and subsequent re-planning
during the RT course, as the adaptive RT may provide more

optimal dose delivery to the target while decreasing the normal tissue toxicities [16-18], and can even improve local control and quality of life [19,20]. Accordingly, adaptive RT has
become essential in treatment of head-and-neck cancer
patients. In the current clinical setting, volumetric parameters, which could be easily acquired, could provide useful
prognostic information. TVRR may have more than just
prognostic value, and it could aid clinicians in the individualization of therapeutic strategy. Most tumor responses are
evaluated after completion of a definitive RT course, when
it might be too late to commence an appropriate therapeutic
modification. By predicting recurrence before the completion
of definitive treatment, we could anticipate the opportunity
for tailoring therapy on an individual basis. A few strategic
therapeutic modifications could be considered. An escalation
of total radiation dose to a higher level than initially planned
might be one example. It can be, more or less, quite easily
implemented by using IMRT that employs the SIB technique.
A second example is the indicator used in selection of candidates for intensified adjuvant chemotherapy. All of these
modifications will hopefully contribute to improving clinical
outcomes by early identification of patients who might not
benefit from the initial treatment plan.
We generated RT plans, either conventionally fractionated
3D-CRT or dose-painting IMRT, using the shrinking field
technique. The initial RT plan was designed for 36 Gy to the
low risk CTV, and the subsequent plan was designed without further irradiation to this region. For this reason, the second simulation CT was performed in the third week after the
initiation of RT at authors’ institution.
One question that has arisen from the current study
involves the optimal timing of the second simulation CT during the RT course. Several studies investigating tumor volVOLUME 48 NUMBER 2 APRIL 2016
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ume changes during the RT course have been reported. The
nodal and primary tumor GTVs were reported to shrink by
1.2%-3% per treatment day on average [14,15], but their
regression did not occur at a constant rate. The largest tumor
volume changes occurred after the second week of the RT
course [21,22] and appeared to be significant after 3-4 weeks
of RT, and could have a potential dosimetric impact when
highly conformal RT techniques were used [14]. In addition,
Wang et al. [18] reported that re-planning for NPC patients
before the 25th fraction during IMRT helps to ensure an
adequate dose to the target volumes, as well as safely limited
doses to the critical normal structures. A speculative conclusion that could be drawn from these studies is that the
appropriate timing of the second CT, either for effective
adaptive intervention or for assessment of tumor regression,
might be longer than 3 weeks after the start of RT. However,
if adaptive re-planning is performed in the late phase of the
RT course, this advantage might decrease, as there might
remain only a few fractions of RT. In the current study, Most
re-planning CT scans of patients were obtained between 13
to 15 fractions according to the institutional policy. It appears
that this timing is quite reasonable in achieving the benefits
of adaptive re-planning. Further studies on this issue are
needed.
The current study may have a few weak points. First,
because of its retrospective nature, selection bias might have
been unavoidable. Second, Epstein-Barr virus (EBV) status,
which is known to have prognostic importance in NPC
patients [23,24], was not fully addressed. Again, because of
the limitations of the retrospective data, tests identifying EBV

were conducted in only 26 patients (16.4%). These data were
considered insufficient for incorporation into prognostic
analysis. Further studies investigating the association of
TVRR and EBV might be needed. Finally, there is a possibility of inter- and/or intra-physician variation in GTV measurements. Despite these limitations, the discriminatory
performance of the volumetric parameters could be utilized
as an indicator for tailoring therapy on an individual patient
basis.

Conclusion
The current study shows that TVRR measured during the
RT course is a proven independent prognostic factor predicting PFS. TVRR can be easily calculated during the process of
adaptive RT by simply comparing the pre- and mid-RT simulation CT images. TVRR can provide not only prognostic
information, but can also be a useful indicator for tailoring
treatment strategies before the completion of definitive RT.
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Purpose
The incidence of gastrointestinal stromal tumors (GISTs) harboring platelet-derived growth
factor receptor alpha (PDGFRA) mutations is low, therefore further investigation of the efficacy of imatinib in this subgroup was needed.
Materials and Methods
Patients with PDGFRA-mutant GISTs who received imatinib as primary therapy for advanced
disease between January 2000 and June 2012 were identified from the GIST registry of
Asan Medical Center, Seoul, Korea.
Results
KIT and PDGFRA genotyping in 823 patients identified 18 patients (2%) with PDGFRA
mutations who were treated with first-line imatinib. Exon 18 D842V substitution, non-D842V
exon 18 mutations, and exon 12 mutations were detected in nine (50%), four (22%), and
five (28%) patients, respectively. Objective response rate differed significantly between
patients with the D842V mutation and those with non-D842V mutations (0% [0/5] vs. 71%
[5/7], p=0.03). In all patients, median progression-free survival (PFS) and overall survival
(OS) was 24.8 months (95% confidence interval [CI], 0.0 to 57.2) and 51.2 months (95%
CI, 37.1 to 65.3), respectively. Significantly, poorer PFS was observed for patients with
D842V-mutant GISTs than those with non-D842V PDGFRA-mutant GISTs: median 3.8
months (95% CI, 1.4 to 6.3) versus 29.5 months (95% CI, 18.3 to 40.7) (p < 0.001). Patients
with the D842V mutation had poorer OS than those with non-D842V PDGFRA mutations:
median 25.2 months (95% CI, 12.7 to 37.8) versus 59.8 months (95% CI, 43.0 to 76.5)
(p=0.02).
Conclusion
Imatinib is active against non-D842V PDGFRA-mutant GISTs, whereas GISTs harboring the
D842V mutation are primarily resistant to imatinib.

Introduction
Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors of the digestive tract. Most GISTs
harbor activating mutations of the genes encoding KIT or
platelet-derived growth factor receptor alpha (PDGFRA),
resulting in the constitutive activation of protein tyrosine
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kinase signaling [1]. KIT mutations occur in 70%-85% of
GISTs and are most common in exon 11, followed by exon 9,
whereas exon 13 and 17 mutations are rare. PDGFRA mutations are detected in 5%-15% of GISTs and are mutually
exclusive to KIT mutations [2-4].
Imatinib (Glivec/Gleevec, Novartis Oncology, East Hanover, NJ) has shown remarkably enhanced efficacy over conventional chemotherapy and has become the standard
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first-line treatment for patients with unresectable or metastatic GISTs [5-8]. Extensive correlative analyses have identified
the types of KIT mutations associated with the efficacy of
imatinib in GISTs [9-11]: with imatinib treatment patients
with KIT exon 9 mutations show poorer outcomes than those
with KIT exon 11 mutations.
The association between imatinib sensitivity and PDGFRA
mutations was investigated in a subgroup of patients
included in prospective clinical trials, and in vitro and in vivo
studies reported association of the PDGFRA exon 18 D842V
substitution with resistance to imatinib [9,10,12]. However,
because of the low incidence of PDGFRA mutations in
advanced GISTs, data on the activity of imatinib against
PDGFRA-mutant GISTs were mostly obtained in a small
number of patients.
A recent retrospective study conducted in Europe
analyzed 55 patients with PDGFRA-mutant GISTs [13].
Although this study is the largest of its kind to date, additional data are still needed in order to improve our understanding of these types of mutations, particularly considering
the small sample size of previous studies. Therefore, we
retrospectively analyzed the efficacy of first-line imatinib in
patients with advanced GISTs harboring PDGFRA mutations.

Materials and Methods
Patients with PDGFRA-mutant GISTs who received imatinib as primary therapy for advanced disease between
January 2000 and June 2012 were identified from the GIST
registry of Asan Medical Center, Seoul, Korea. Data were
collected from both the registry and retrospectively by
review of medical records. During imatinib treatment, all
patients were monitored regularly for evaluation of response
by computed tomography scan every 3 months. Magnetic
resonance imaging or positron emission tomography was
performed when necessary. Response was assessed according to the Response Evaluation Criteria in Solid Tumors ver.
1.0 with some modifications [14]. Lesions showing necrosis,
despite their increased size, and new cystic lesions in the
liver were not considered disease progression [15]. This
study was approved by the Institutional Review Board of
Asan Medical Center.
For mutational analyses of the KIT and PDGFRA genes,
10 µm tumor sections were cut from formalin-fixed paraffinembedded tissue samples. Genomic DNA was extracted
from three sections using a DEXPAT kit (TaKaRa, Kyoto,
Japan). Exons 9, 11, 13, and 17 of KIT, and exons 12 and 18 of
PDGFRA were amplified by polymerase chain reaction

Table 1. Baseline patient characteristics
Characteristic

No. (%) (n=18)

Sex
Male
Female
Age, median (range, yr)
Disease status
Localized but unresectable
Recurrent
Initially metastatic
KIT expression
Type of PDGFRA mutation
Exon 18 D842V substitution
Non-D842V exon 18 mutation
Exon 12 mutation
ECOG performance status
0-1
2
Primary site
Stomach
Small bowel
Rectum
Peritoneum
Metastatic site
Liver
Peritoneum
Others

11 (61)
7 (39)
58 (31-74)
2 (11)
6 (33)
10 (56)
17 (94)
9 (50)
4 (22)
5 (28)
17 (94)
1 (6)
15 (82)
1 (6)
1 (6)
1 (6)
8 (50)
5 (28)
3 (19)

ECOG, Eastern Cooperative Oncology Group.

(PCR). The PCR products were sub-cloned using a TOPO
TA cloning kit (K4500-01, Invitrogen, Carlsbad, CA) and
sequenced twice using an ABI 3700 DNA analyzer (Applied
Biosystems, Foster City, CA).
The chi-square test or Fisher exact test was used to assess
the association between categorical variables, as appropriate.
The probability of survival was estimated using the KaplanMeier method and compared using the log-rank test.
Progression-free survival (PFS) was defined as the time from
the first dose of imatinib to disease progression or death from
any cause. Overall survival (OS) was estimated as the time
from the first dose of imatinib until death due to any cause,
and censored at the last follow-up visit for patients who were
still alive. Statistical analyses were performed using the SPSS
ver. 18.0 (SPSS Inc., Chicago, IL). All tests were two-sided,
with 5% serving as the level of significance.
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Table 2. Summary of patient characteristics and treatment outcomes
Case
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

PDGFRA
mutation

Primary
site

Disease
setting

Response
to imatinib

Exon 12 P567P
Exon 12 P567P
Exon 18 Del I843
Exon 12 P567P
Exon 18 Del D842
Exon 12 Del R560
Exon 12 V516D
Exon 18 Del IMHD843-846
Exon 18 Del IMHD843-846
Exon 18 D842V
Exon 18 D842V
Exon 18 D842V
Exon 18 D842V
Exon 18 D842V
Exon 18 D842V
Exon 18 D842V
Exon 18 D842V
Exon 18 D842V

Stomach
Small bowel
Stomach
Rectum
Stomach
Stomach
Stomach
Stomach
Stomach
Stomach
Stomach
Stomach
Stomach
Stomach
Peritoneum
Stomach
Stomach
Stomach

Metastatic
Metastatic
Localized
Metastatic
Recurrent
Metastatic
Metastatic
Recurrent
Metastatic
Metastatic
Metastatic
Localized
Recurrent
Metastatic
Recurrent
Metastatic
Recurrent
Recurrent

PR
SD
PR
SD
PR
NE
NE
PR
PR
PD
NE
SD
NE
PD
SD
NE
NE
PD

PFS on
imatinib
(mo)
63.8 (
14.1 (PD)
10.1 (
24.8 (PD)
25.2 (PD)
50.9 (
44.4 (
3.9 (
29.5 (PD)
4.2 (PD)
2.7 (
1.4 (
0.2 (PD)
2.6 (PD)
3.8 (PD)
0.4 (
3.9 (PD)
0.8 (PD)

PFS on imatinib
dose escalation
(mo)
1.0 (PD)
1.5 (PD)
5.7 (PD)
0.7 (PD)
4.4 (PD)
-

PFS on 2nd-line
OS
sunitinib
(mo)
(mo)
6.4 (PD)
20.0
7.3 (PD)
14.3 (PD)
0.5 (PD)
14.6 (PD)
1.9 (PD)
0.7 (PD)
4.0 (PD)

65.6 (
46.9 (dead)
63.8 (
59.8 (deada))
51.2 (dead)
53.4 (
45.8 (
3.9 (
46.3 (
25.2 (dead)
32.5 (
28.6 (
2.6 (dead)
23.8 (
24.9 (
2.8 (
8.3 (dead)
18.7 (dead)

PFS, progression-free survival; OS, overall survival; PR, partial response; SD, stable disease; NE, not evaluable; PD, progressive disease. a)Cause of death was pneumonia which was not disease-related.

Results
1. Patient characteristics
A total of 823 patients were genotyped for KIT and
PDGFRA. PDGFRA mutations were detected in 35 patients
(4%), and 19 patients (2%) received imatinib as first-line therapy for advanced disease. After exclusion of one patient who
had received adjuvant imatinib prior to the use of imatinib
for recurrent disease, 18 patients were analyzed to estimate
the sensitivity of PDGFRA-mutant GISTs to imatinib. The
patients’ baseline characteristics are shown in Table 1. The
patients’ median age at the start of imatinib therapy was 58
years (range, 31 to 74 years) and 11 patients (61%) were male.
Most patients in our series (n=17, 94%) were KIT expressionpositive by immunohistochemistry; however, weak and focal
expression was noted in three cases (17%) and one case (6%),
respectively. Nine patients (50%) had exon 18 D842V substitution and four patients (22%) had non-D842V exon 18
mutations. Five patients (28%) had exon 12 mutations.
Detailed clinical information of all patients is summarized in
Table 2.
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2. Efficacy of imatinib as first-line therapy
The responses to imatinib in patients with PDGFRAmutant GISTs are summarized in Table 3. Twelve patients
(67%) were available for response assessment; four had no
measurable lesion after surgical resection and two were lost
to follow-up before the first response evaluation. None of the
patients showed a complete response; five patients (42%)
showed a partial response and three patients (25%) showed
stable disease. None of the five patients with the D842V
mutation achieved an objective response, whereas five of
seven patients (71%) with non-D842V PDGFRA mutations
showed a partial response (p=0.03). With a median followup period of 32.5 months (range, 2.8 to 65.6 months) in surviving patients, the median PFS and OS was 24.8 months
(95% confidence interval [CI], 0.0 to 57.2) and 51.2 months
(95% CI, 37.1 to 65.3), respectively. Patients with D842Vmutant GISTs had significantly shorter median PFS than
those with non-D842V PDGFRA-mutant GISTs: 3.8 months
(95% CI, 1.4 to 6.3) vs. 29.5 months (95% CI, 18.3 to 40.7)
(p < 0.001) (Fig. 1). In addition, patients with D842V-mutant
GISTs showed inferior OS compared to those with nonD842V PDGFRA-mutant GISTs (median, 25.2 months; 95%
CI, 12.7 to 37.8 vs. median, 59.8 months; 95% CI, 43.0 to 76.5;
p=0.02).

Changhoon Yoo, Efficacy of Imatinib on PDGFRA-Mutated GISTs

Table 3. Response to first-line imatinib
Type of mutation

Response

D842V exon 18

Non-D842V exon 18

Exon 12

Overall

0(
0(
1 (20)
4 (80)

0(
4 (100)
0(
0(

0(
1 (33)
2 (67)
0(

0(
5 (42)
3 (25)
4 (33)

Complete response
Partial response
Stable disease
Progressive disease

Values are presented as number (%). Six patients (two with D842V substitution and two with exon 12 mutations) were
non-evaluable because of non-measurable lesions in four patients and early loss to follow-up in two patients.

A
p < 0.001

80

p=0.02

80

60
40
Non-D842V
D842V

20
0

B

100

Overall survival (%)

Progression-free survival (%)

100

0

10

20

30

40
50
Time (mo)

60

70

80

60
40
Non-D842V
D842V

20
0

0

10

20

30

40
50
Time (mo)

60

70

80

Fig. 1. Progression-free survival (A) with first-line imatinib and overall survival (B) according to the type of PDGFRA
mutation.

3. Outcomes with second-line therapy
Among ten patients with documented tumor progression
on a standard dose of imatinib, five (three with non-D842V
mutations and two with D842V substitution) received an
increased dose of imatinib (600 mg/day or 800 mg/day).
None of the patients showed an objective response and the
median PFS was 1.5 months (95% CI, 0.5 to 2.5). Nine patients
were treated with sunitinib after failure of imatinib (three
had non-D842V mutations and six had D842V substitution).
The responses to second-line sunitinib treatment in the overall population and according to mutation type are summarized in Table 4. None of the patients achieved an objective
response. The median PFS with second-line therapy was 6.4
months (95% CI, 0.0 to 13.5) (Fig. 2). Patients with the D842V
substitution tended to show poorer PFS than those with nonD842V PDGFRA mutations (median, 1.9 months; 95% CI, 0.0

to 5.9 vs. median, 7.3 months; 95% CI, 5.9 to 8.8; p=0.26),
although the difference did not reach statistical significance.

Discussion
In management of unresectable or metastatic advanced
GISTs, tumor genotype, particularly KIT exon mutations, has
been regarded as an important predictive factor for the efficacy of imatinib. However, because PDGFRA-mutant GISTs
are generally indolent and localized with a low-risk of recurrence [1-4], data on the response to imatinib in patients with
advanced disease harboring these specific mutations have
been mainly based on a few cases. A relatively large European retrospective study recently reported that imatinib has
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Table 4. Response to second-line sunitinib
Type of mutation

Response
Complete response
Partial response
Stable disease
Progressive disease

D842V exon 18

Non-D842V exon 18

Exon 12

Overall

0(
0(
3 (50)
3 (50)

0(
0(
1 (100)
0(

0(
0(
2 (100)
0(

0(
0(
6 (67)
3 (33)

Values are presented as number (%).

Progression-free survival (%)

100
80
60
40
20
0

0

5

10
15
Time (mo)

20

25

Fig. 2. Progression-free survival with second-line sunitinib treatment after failure of imatinib.

little efficacy in the subgroup of patients with PDGFRA exon
18 D842V substitution, while other types of PDGFRA mutations appear to be sensitive to imatinib; however, additional
data were still needed in order to improve our understanding of imatinib sensitivity in this group of patients [13]. The
results of the current study are in agreement with those of
previous studies, and could add to the evidence in regard to
sensitivity to imatinib in PDGFRA-mutant GISTs.
In our series, PDGFRA mutations were detected in 4% of
patients with GISTs genotyped for KIT and PDGFRA. These
results are similar to those of two Western phase III trials
[9,10] and a Korean retrospective study [16] of first-line imatinib treatment, which reported frequency of 2%-5%. However, our results differ significantly from those of previous
population-based studies reporting 14%-16% as the frequency of PDGFRA mutations [2-4]. The large discrepancies
in the results between population-based studies and clinical
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trials of imatinib could be associated with the proportion
of patients with localized disease among the whole study
population, considering that PDGFRA-mutant GISTs are
more frequent in localized disease than in metastatic disease
[2-4]. Most patients in our registry were referred from other
hospitals following diagnosis. Therefore, compared with
population-based studies, it is more likely that our registry
included patients with high-risk or advanced disease. This
might explain why the frequency of PDGFRA mutations in
our study was similar to that reported in clinical trials for
advanced GISTs rather than population-based studies. Most
PDGFRA mutations occurred in gastric GISTs (88%), and
exon 18 D842V substitution (50%) was the most common
type of PDGFRA mutation, as previously reported [1].
PDGFRA mutations were more common in KIT-negative
GISTs [17]. However, most of our patients (17 of 18, 94%) had
KIT-positive GISTs by immunohistochemistry, although 23%
had weak or focal expression. Our results are consistent with
those of the European study, which included a large patient
cohort, and reported that 85% of patients were KIT-positive
[15]. These findings suggest that KIT is overexpressed in
most PDGFRA-mutant GISTs [15] and, although mutations
of KIT and PDGFRA are mutually exclusive in GISTs, expression of those proteins is not [18].
Consistent with previous preclinical and clinical studies
[9-13], our results showed that GISTs with the D842V mutation are primarily resistant to imatinib. Patients with D842V
mutant GISTs showed no objective response to first-line imatinib and most of them progressed within 6 months of treatment. The median PFS of this group was 3.8 months,
consistent with the results of a previous retrospective study
(2.8 months) [13]. This inherent resistance of D842V-mutated
GISTs to imatinib can be explained as this substitution results
in a change in the kinase activation loop that induces the
protein conformation to favor the active conformation, considering that imatinib can only bind to the inactive conformation of PDGFRA [19]. Sustained tumor control with
imatinib was previously reported in some patients [9,13];
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however, there is no biomarker to differentiate patients who
might potentially benefit from imatinib treatment from those
who would not. Because of the lack of efficacy of imatinib in
patients with this mutation, mutational analysis should be
performed to exclude GIST patients with the PDGFRA
D842V substitution before administration of adjuvant
imatinib after curative surgical resection or neoadjuvant
imatinib for organ preservation or marginally resectable
disease [20].
For patients with metastatic or unresectable GISTs with
D842V mutation, a phase 2 study of crenolanib, a novel
platelet-derived growth factor receptor inhibitor, is ongoing
for this subgroup of patients based on the promising preclinical activity (NCT01243346) [21]; however, there is no
currently approved drug with activity against the D842V
mutation [12,22]. Therefore, these patients should be encouraged to participate in clinical trials for investigational drugs
with potential activity against this mutation. If such drugs
are not an option, imatinib therapy should be tried for the
potential chance of achieving disease control.
In addition to the D842V substitution, in-frame deletion,
deletion/insertion and substitutions in PDGFRA exon 18,
and deletions, substitutions and duplications in exon 12 have
been previously identified [1]. Although rare, substitutions
in exon 4 and 14 have also been reported [1,2,13]. In the
current study, patients with non-D842V mutant GISTs had
various mutations in exons 18 and 12. In line with previous
in vitro studies investigating the sensitivity of imatinib
against non-D842V PDGFRA mutations [1,12], first-line
imatinib was effective in our GIST patients with non-D842V
PDGFRA mutations, who showed a median PFS of 29.5
months. This finding is consistent with the results of a
previous analysis of non-D842V PDGFRA-mutant GISTs,
which showed association with superior PFS and OS
compared to D842V mutant GISTs [13]. Compared with the
outcomes of patients with different genotypes in previous
studies, PFS of our patients with non-D842V PDGFRA
mutations was similar to that previously reported for
patients with KIT exon 11 mutations in Western trials [9-11],
and those with KIT exon 9 mutations in a Korean multicenter

retrospective analysis [16], suggesting that sensitivity to
imatinib in this patient subgroup may be similar to that of
patients with KIT mutations. In the current study, one patient
with Del D842 showed long-term disease control with partial
response, and progressed after approximately 2 years of imatinib therapy. A previous study that included two patients
with Del D842 reported that one patient showed a long-term
response [13]. Taken together with the in vitro activity of imatinib in GISTs with D842-involving deletions [12,23], these
findings suggest that the nature of the mutation, in addition
to its location, plays an important role in the sensitivity to
imatinib, in addition to its location [13].
The current study had several limitations associated with
its retrospective nature and the small sample size. However,
PDGFRA mutations are infrequent, particularly in advanced
disease, and few studies have investigated the therapeutic
outcomes of this subgroup. Therefore, our results may
provide guidance in the treatment of patients with GISTs
harboring PDGFRA mutations.

Conclusion
We showed that imatinib is active against non-D842V
PDGFRA-mutant GISTs, whereas GISTs harboring the
D842V mutation are primarily resistant to imatinib. Considering that no approved drug has shown efficacy against
D842V-mutant GISTs, enrollment in clinical trials should be
encouraged in this group of patients, especially if investigational drugs with in vitro activity are identified.
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A Retrospective Analysis for Patients with HER2-Positive Gastric
Cancer Who Were Treated with Trastuzumab-Based Chemotherapy:
In the Perspectives of Ethnicity and Histology
Purpose
While the Trastuzumab for Gastric Cancer (ToGA) trial demonstrated the efficacy and safety
of trastuzumab-based chemotherapy in HER2-positive metastatic gastric cancer, the overall
survival (OS) benefit was not found in Asian and diffuse-type cancer patients. The aim of
the study is to investigate predictive markers for trastuzumab-based chemotherapy.
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Materials and Methods
Data of patients with HER2-positive gastric cancer treated with trastuzumab-based chemotherapy were analyzed retrospectively.
Results
A total of 168 Asian patients were included. The median age was 60 years (range, 27 to 85
years) and the male:female ratio was 118 (70.2%):50 (29.8%). Fourteen (8.3%), 63 (37.5%),
75 (44.6%), and 11 (6.5%) patients had well, moderately, poorly-differentiated tubular adenocarcinoma and signet ring cell carcinoma, respectively. With 14 complete responses and
73 partial responses, the response rate was 50.6%. The median progression-free survival
(PFS) was 10.2 months (95% confidence interval [CI], 8.7 to 11.7), and the median OS was
18.5 months (95% CI, 16.4 to 50.6). Next, we investigated the effect of poorly-differentiated
histology (PDH, poorly-differentiated tubular adenocarcinoma+signet ring cell carcinoma)
on clinical outcomes. The median PFS (8.9 months vs. 11.5 months, p=0.16) was slightly
inferior in PDH patients, and the median OS was significantly shorter in PDH patients (14.6
months vs. 19.0 months, p=0.025).
Conclusion
While subset analysis of the ToGA trial demonstrated that trastuzumab-based chemotherapy
may not be beneficial for Asians and patients with PDH, our data may suggest that even in
Asian patients and patients with PDH, trastuzumab-based chemotherapy could be associated with improved clinical outcomes in patients with HER2-positive gastric cancer.
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Introduction

Materials and Methods

Gastric cancer is the fifth most common cancer worldwide,
with an estimated occurrence of almost one million new
cases every year, with half of the world total occurring in
East Asia [1]. In terms of mortality, it remains one of the most
common causes of cancer related mortality, only second to
lung cancer [2], as less than 50% of patients are eligible for
complete resection, and, in spite of recent progress, expected
survival duration with palliative treatment barely exceeds 1
year [3,4].
HER2 amplification or overexpression is known to occur
in approximately 15%-20% of patients with gastric cancer.
The pivotal Trastuzumab for Gastric Cancer (ToGA) trial [5]
demonstrated that patients with HER2-positive gastric or
gastroesophageal junction (GEJ) cancer may benefit from
trastuzumab, an anti-HER2 monoclonal antibody. In the
ToGA trial, patients assigned to receive trastuzumab in combination with chemotherapy showed significant improvement in overall survival (OS, 13.8 vs. 11.1 months), progression-free survival (PFS, 6.7 months vs. 5.5 months), and
overall response rate (ORR, 47% vs. 35%). In addition, an
exploratory analysis demonstrated that patients with strong
protein expression (immunohistochemistry [IHC] 3[+] or
IHC 2[+]/fluorescence in situ hybridization [FISH] [+]) were
more likely to have favorable OS with the addition of
trastuzumab (16.0 months vs. 11.8 months). With these
results, trastuzumab was approved as a standard treatment
option for HER2-positive gastric cancer patients.
Meanwhile, the subset analysis of the ToGA trial generated
several questions. It is well-known that ethnicity matters in
gastric cancer [6]. Not only in terms of epidemiology, histology, or pharmacodynamics, certain treatments which were
effective for a Western population did not show similar efficacy in an Asian population, as in the AVAGAST trial [7]. In
fact, in the subset analysis of the ToGA trial, OS benefit was
not observed in the Asian population, while patients from
America and Europe did benefit from the treatment. In
addition, according to the subset analysis of the ToGA trial,
patients with diffuse-type cancer who seldom harbor HER2
overexpression did not show OS benefit from trastuzumabbased treatment.
In the current study, we conducted a multicenter, retrospective analysis on HER2-positive gastric cancer patients
from 12 tertiary institutes in Korea, who were treated with
trastuzumab-based treatment in order to confirm whether
the clinical outcomes are affected by Asian ethnicity or histology, and to provide further understanding of the disease
nature of HER2-positive gastric cancer.

1. Patients
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Patients diagnosed with HER2-positive unresectable or
metastatic gastric cancer from 2009 to 2014 were included in
the analysis. The inclusion criteria were as follows: (1) a
pathologically confirmed diagnosis of gastric cancer; (2) HER2
positivity confirmed according to the criteria used in the
ToGA trial, that is, either IHC 3(+) or IHC 2(+)/FISH (+); (3)
treated with trasutuzumab-based chemotherapy as the firstline treatment. Combined therapy could be continued after
six cycles according to physicians’ decision. (4) Complete
medical records, including demographics, site of primary
tumor, and pathologic reports. The study was approved by
the Institutional Review Board of the primary investigator’s
institute, Samsung Medical Center.
2. Clinicopathologic parameters
Clinicopathologic parameters including age, sex, performance status, primary tumor site, Lauren’s classification,
World Health Organization (WHO) histologic classification,
measurability of lesions, methods for HER2 confirmation,
backbone chemotherapeutic regimen, and baseline laboratory findings were collected retrospectively from patients’
medical records.
3. Statistical analysis
OS was measured from the date of diagnosis of an unresectable or metastatic disease to the date of death or last follow-up, and PFS was measured from the date of diagnosis
of a metastatic or unresectable disease to the date of progressive disease, death, or last follow-up. All survival parameters
were calculated using the Kaplan-Meier method and were
compared using a log-rank test. Tumor response was assessed using Response Evaluation Criteria in Solid Tumors ver.
1.0. p-values less than 0.05 were considered statistically significant, and all p-values corresponded to two-sided significance tests.
To assess whether higher HER2/CEP17 ratio affected PFS,
patients were dichotomized according to good survival
group (median PFS " 6 months) versus poor survival group
(median PFS < 6 months). The optimal cutoff for HER2/
CEP17 ratio for predicting a favorable PFS was determined
using receiver operating characteristic (ROC) curve analyses,
and further evaluation was performed using the area under
the curve (AUC). All statistical analyses were performed
using SPSS ver. 17 (SPSS Inc., Chicago, IL).
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Results
1. Demographics and baseline disease characteristics
A total of 168 patients from 12 institutes were eligible for
the analysis. The median age of patients was 60 years (range,
27 to 85 years) and 118 patients (70.2%) were male. All
patients were Asian. Regarding the location of the primary
tumor, 161 cases (95.8%) were stomach cancer and seven
cases (4.2%) were GEJ cancer. As many pathologists in Korea
do not interpret Lauren’s classification with biopsied specimens, only 78 cases had been confirmed using Lauren’s classification, and among them, 44 (56.4%), 22 (28.2%), and 12
cases (15.4%) were found to be intestinal-type, diffuse-type,
and mixed-type cancer, respectively. However, WHO histologic classification was confirmed in all cases, with 14 (8.3%),
63 (37.5%), 75 (44.6%), and 11 cases (6.5%) found to be welldifferentiated, moderately-differentiated, poorly-differentiated tubular adenocarcinoma, and signet ring cell carcinoma,
respectively. In terms of methods for HER2 confirmation, in
129 patients disease was confirmed by IHC 3(+), and by IHC
2-3(+)/FISH (+) in 59 patients whose median value of
HER2/CEP17 ratio was 3.34 (range, 2.09 to 20.00). Other
details are described in Table 1.
2. Clinical outcomes of trastuzumab-based therapy
Regarding the backbone regimen of the trastuzumabbased therapy, 145 patients (86.3%) had received capecitabine plus cisplatin, 14 patients (8.3%) had received 5- fluorouracil (5-FU) plus cispaltin, and nine patients had received
other agents. Median number of cycles was six (range, 1 to
62) for both trastuzumab and chemotherapy. Tumor responses were as follows: 12 (7.1%) complete response, 73 (43.5%)
partial response, 48 (28.6%) stable disease, 17 (10.1%) progressive disease, and 18 (10.7%) cases were not evaluable,
resulting in 50.6% of ORR (Table 2).
With a median follow-up duration of 32.9 months (95%
confidential interval [CI], 30.0 to 35.8), median PFS was 10.2
months (95% CI, 8.7 to 11.7), and median OS was 18.5 months
(95% CI, 16.4 to 50.6). Considering that Asian patients usually
achieve approximately 12 months of OS and 6 months of PFS,
the numerical data of the current study may suggest that
even in an Asian population, trastuzumab-based therapy
could be beneficial for patients with HER2-positive gastric
cancer.
Next, subset analysis was performed for survival according to the histologic differentiation. Patients with well-differentiated and moderately-differentiated tubular adenocarcinoma were categorized as the well-differentiated histologic
(WDH) group, and poorly-differentiated tubular adenocar-

Table 1. Demographics and baseline disease characteristics
Characteristic

No. (%) (n=168)

Age, median (range, yr)
Sex
Male
Female
ECOG performance status
0
1
2
3
Primary tumor site
Gastroesophageal junction
Stomach
Previous gastrectomy
Not done
Subtotal gastrectomy
Total gastrectomy
Extent of disease
Locally advanced
Metastatic
Disease measurability
Measurable
Non-measurable
HER2 status
IHC 3(+)/FISH not done
IHC 2(+)/FISH (+)
IHC 3(+)/FISH (+)a)
WHO histologic classification
Well-differentiated tubular adenocarcinoma
Moderately-differentiated tubular
adenocarcinoma
Poorly-differentiated tubular adenocarcinoma
Signet ring cell carcinoma
Others
Lauren’s classification (n=78)
Intestinal
Diffuse
Mixed
Specimens confirmed as HER2 (+)b)
Surgical specimen
Endoscopic biopsied specimen
Specimens from metastatic site

60 (27-85)
118 (70.2)
50 (29.8)
45 (26.8)
115 (68.5)
7 (4.2)
1 (0.6)
7 (4.2)
161 (95.8)
99 (58.9)
45 (26.8)
24 (14.3)
54 (32.1)
114 (67.9)
97 (57.7)
71 (42.3)
109 (
39 (
20 (
14 (8.3)
63 (37.5)
75 (44.6)
11 (6.5)
5 (3.0)
44 (56.4)
22 (28.2)
12 (15.4)
61 (
108 (
12 (

ECOG, Eastern Cooperative Oncology Group; IHC, immunohistochemistry; FISH, fluorescence in situ hybridization; WHO, World Health Organization. a)Both IHC and
FISH were performed in these patients, b)Multiple specimens could be sampled in a single patient.

VOLUME 48 NUMBER 2 APRIL 2016

555

Cancer Res Treat. 2016;48(2):553-560

Table 2. Clinical outcomes of trastuzumab-based treatment
Backbone regimen
XP
FP
XELOX
Capecitabine
None (trastuzumab monotherapy)
Tumor response
Complete response
Partial response
Stable disease
Progressive disease
Missing
Overall survival, median (95% CI, mo)
Progression-free survival,
median (95% CI, mo)

No. (%)
145 (86.3)
14 (8.3)
6 (3.6)
2 (1.2)
1 (0.6)
12 (7.1)
73 (43.5)
48 (28.6)
17 (10.1)
18 (10.7)
18.5 (16.4-50.6)
10.2 (8.8-11.6)

XP, capecitabine plus cisplatin; FP, 5-fluorouracil (5-FU)
plus cisplatin; XELOX, capecitabine and oxaliplatin; CI,
confidence interval.

Progression-free suvival

Variable

1.0

p=0.16

0.8

WDH
PDH

0.6
0.4
0.2
0

0

12

24

36

48 60
Time (mo)

72
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96

Fig. 1. Progression free survival according to the histologic subtypes; 11.5 months (95% confidence interval [CI],
8.1 to 14.9) for patients with well-differentiated histology
(WDH), and 8.9 months (95% CI, 7.2 to 10.6) for patients
with poorly-differentiated histology (PDH).

1.0

p=0.025

0.8
Overall survival

cinoma and signet ring cell carcinoma as poorly-differentiated histologic (PDH) group. Consequently, 77 (45.8%) and
86 (51.2%) patients were classified as the WDH and PDH
group, respectively. The median PFS of the WDH group was
slightly longer than that of the PDH group, which did not
reach statistical significance (11.5 months [95% CI, 8.1 to 14.9]
vs. 8.9 months [95% CI, 7.2 to 10.6], p=0.16) (Fig. 1). However,
the median OS of two groups was significantly different; 19.0
months (95% CI, 14.2 to 23.8) for the WDH group; 14.6
months (95% CI, 11.9 to 17.3) (p=0.025) for the PDH group
(Fig. 2). Again, in numerical perspectives, these data of PDH
patients, that is, PFS of 8.9 months and OS of 14.6 months,
are better than the data from the typical Asian trial, which
might suggest that even patients of PDH could benefit from
trastuzumab-based therapy. Other than histologic differentiation, Eastern Cooperative Oncology Group (ECOG) status
and serum albumin level were associated with survival
(Table 3).
ROC analysis was performed for 59 patients who were
confirmed as FISH (+) if a certain HER2/CEP17 ratio could
predict favorable PFS for trastuzumab-based treatment.
However, we could not determine optimal cutoff values for
favorable PFS (Fig. 3) and the AUC was calculated as lower
than 0.5. Higher ratios (3 or higher and 4 or higher) were not
associated with prolonged PFS (Table 4).

84

WDH
PDH

0.6
0.4
0.2
0

0

12

24

36

48 60
Time (mo)

72

84

96

Fig. 2. Overall survival according to the histologic subtypes; 19.0 months (95% confidence interval [CI], 14.2 to
23.8) for patients with well-differentiated histology
(WDH), and 14.6 months (95% CI, 11.9 to 17.3) for patients
with poorly-differentiated histology (PDH).
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Table 3. Survival durations according to other clinicolaboratory factors
Variable
Albumin (g/dL)
# 3.0
" 3.1
ECOG PS
0
1 or 2

No.

PFS, median (95% CI)

p-value

OS, median (95% CI)

p-value

19
148

7.3 (3.9-10.7)
9.4 (5.1-13.7)

0.012

14.3 (7.2-21.4)
18.7 (17.0-20.4)

0.064

45
122

14.4 (7.8-21.0)
9.2 (8.7-11.7)

0.005

43.4 (7.7-79.1)
15.7 (13.0-18.4)

< 0.001

PFS, progression-free survival; CI, confidence interval; OS, overall survival; ECOG PS, Eastern Cooperative Oncology Group
performance status.

ROC curve

1.0

Sensitivity

0.8
0.6
0.4
0.2
0

AUC=0.473

0

0.2

0.4
0.6
1–Specificity

0.8

1.0

Fig. 3. Receiver operating characteristics (ROC) curves for
identification of optimal cutoff values for favorable (6
months) progression-free survival. In this analysis, HER2/
CEP17 ratio was not associated with favorable progression-free survival. AUC, area under the curve.

Discussion
Although several combinations have been introduced in
treatment of unresectable or metastatic gastric cancer patients, their prognosis remains poor. As a significant interest
in targeted therapies has emerged, a number of targeted
agents have been evaluated in gastric cancer. However, most
of them fell short of success [7-9], and trastuzumab is the
only agent with a known predictive biomarker and proven
efficacies. Clinical efficacy of ramucirumab and apatinib was
recently demonstrated in refractory gastric cancer patients;
however, their predictive biomarkers have not been found.
HER2 is a member of the epidermal growth factor receptor
family which promotes cell proliferation and inhibits apop-

tosis, and its overexpression has been described in various
human malignancies. Trastuzumab, a recombinant humanized anti-HER2 monoclonal antibody, was first developed as
a targeted agent for HER2-positive breast cancer, and its
unprecedented successes heralded the era of target therapy
and relevant biomarkers in the field of oncology. As the carcinogenic roles of HER2 in gastric cancer had been suggested, a randomized phase III trial commenced to assess the
clinical efficacy and safety of trastuzumab, which was followed by a great success.
Ethnicity and regional variations should always be considered in management of gastric cancer. Not only the nationwide screening policies, epidemiology, pathogenesis,
anatomic location or dominant histology, treatment modalities including surgical approaches and adjuvant treatment
also differ between Asian and Western countries [6]. In
addition, several pharmacokinetic studies demonstrated that
efficacy and tolerability of fluoropyrimidine, a major antineoplastic agent in management of gastric cancer, differ
between Asian and Western people [10]. Owing to these factors, the clinical outcomes of Asian gastric cancer patients are
superior to those of Western patients. Therefore, mindfulness
of ethnicity is important in managing patients and in planning clinical trials as well. Given that HER2 overexpression
is frequently found in GEJ and intestinal-type cancer, HER2
overexpression rate might be lower in Asians, who tend to
have distal and diffuse-type cancers. However, several series
of surveys demonstrated that HER overexpression rate was
not low in Asians [11].
As prevalence of gastric cancer is high in Asia, many gastric cancer trials have been conducted with Asians. In the
ToGA trial, among 584 patients, 319 (54.6%) were Asians,
and, as described above, Asians per se, were not associated
with OS benefit with trastuzumab-based treatment [5,12].
However, this could result from the fact that Asian gastric
cancer patients already have sufficient survival outcomes
with chemotherapy alone, probably due to subsequent treatment which may attenuate the impact of effective combinaVOLUME 48 NUMBER 2 APRIL 2016
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Table 4. HER2/CEP17 ratio and progression-free survival
(n=59)
Ratio

No.

PFS, median (95% CI)

p-value

0-2.99
"3
0-3.99
"4

22
37
34
25

10.2 (6.4-14.0)
9.8 (5.1-13.7)
9.9 (6.8-13.0)
9.8 (5.7-13.9)

0.64
0.984
-

PFS, progression-free survival; CI, confidence interval.

tions as shown in the AVAGAST trial [7]. The benefit of
trastuzumab-based therapy in Asians might be suggested in
two recent Asian trials. In a Japanese study, 53 patients were
treated with trastuzumab combined with S-1 plus cisplatin,
and their median PFS and OS were estimated as 7.8 months
and 16.0 months [13]. And, in a Korean study, 55 patients
treated with trastuzumab combined with capecitabine and
oxaliplatin (XELOX) showed a median PFS of 9.8 months and
a median OS of 21.0 months [14]. Along with these data, our
retrospective analysis showed a median PFS and OS of 10.2
months and 18.5 months, respectively (Table 5). Considering
that Asians usually achieve PFS of 5 to 6 months and OS of
12 to 13 months with the first-line fluoropyrimidine and platinum combinations [7,15], these numerical data imply that
Asians may also benefit from trastuzumab-based therapy in
the same manner with Western people. However, prospective head-to-head comparative analyses are warranted in
order to confirm the efficacy of trastuzumab-based therapy
in this unique population.
Histologic subtype is one of the interesting issues in HER2positive gastric cancer. Gastric cancer can be categorized

according to two distinct histologic subtypes, intestinal and
diffuse, which are distinct in their microscopic and gross
appearance, epidemiology, pathogenesis, and prognosis [16].
Among them, diffuse-type gastric cancer is associated with
poor response to treatment and early relapse, thereby a
worse survival [17]. In the current study, we used WHO classification as a substitute for Lauren’s classification, as many
pathologists in Korea do not interpret Lauren’s classification
with endoscopic specimens due to fear of misreading, yet a
high concordance between two systems has been observed
[18]. Compared to the patients with WDH, the patients with
PDH showed worse clinical outcomes in both PFS (8.9
months vs. 11.5 months, p=0.16) and OS (14.6 months vs. 19.0
months, p=0.025). As these data are not head-to-head comparisons, it is difficult to make a firm conclusion whether
patients with PDH can benefit from trastuzumab-based therapy or not. Nonetheless, considering the numerical clinical
data usually reported in Asians, our data may imply that
even patients harboring PDH cancer could benefit from
trastuzumab-based therapy, although the degree is somewhat limited compared to patients with WDH.
In the perspective of frequency of HER2 overexpression or
amplification, it is more commonly found in intestinal-type
cancer than diffuse-type cancer. In the ToGA trial, 51 out of
584 patients (8.7%) had diffuse-type cancer, and in the
LOGiC trial, the differential became even more remarkable;
3.9% of patients (19/487) had diffuse-type cancer [19]. This
dominance of intestinal-type cancer in the two trials looks
suitable considering its disease nature. However, in our
cohort, the number of patients with PDH (n=86, 51.2%) was
slightly higher than that of patients with WDH (n=77, 45.8%).
This could have resulted from the histologic distribution of
gastric cancer patients in Asia. Several large studies from

Table 5. Comparison of clinical outcomes of anti-HER2 trials for Asians
Trial
HERBIS-1 [13]
Ryu et al. [14]
Present study
ToGA trial [12]a)
LOGiC trial [19]b)

Regimen
Trastuzumab (8!6 mg/kg)
SP
Trastuzumab (8!6 mg/kg)
XELOX
Trastuzumab (8!6 mg/kg)
Various backbone regimens
Trastuzumab (8!6 mg/kg)
XP or FP
Lapatinib 1,250 mg every day
XELOX

ORR (%)

PFS, median (95% CI, mo)

68

7.8 (6.0-8.8)

16.0 (13.3-N/A)

53

68

9.8 (7.0-12.6)

21.0 (6.4-35.7)

55

10.2 (8.7-11.7)

18.5 (16.4-50.6)

168

50.6
64.4
N/A

6.2 (5-7)
N/A

OS, median (95% CI, mo)

15.9 (12-25)
16.5 (13.3-20.2)

No.

51
100

ORR, objective response rate; PFS, progression-free survival; CI, confidence interval; OS, overall survival; SP, S-1 plus cisplatin; XELOX, capecitabine and oxaliplatin; XP, capecitabine plus cisplatin; FP, 5-fluorouracil plus cisplatin; N/A, not available. a)Japanese subset analysis, b)Asian subset analysis.
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Asia demonstrated that diffuse-type or poorly-differentiated
cancer was more predominant [15,20]. Although these types
of gastric cancer do not harbor HER2 overexpression very
often, out-numbering of patients could draw the results. Similar to our finding, in the TyTAN trial, which recruited
HER2-positive gastric cancer patients confined to Asia [21],
only 43% of patients had intestinal-type gastric cancer.
A HER2/CEP17 ratio was recently suggested as a novel
predictive marker for trastuzumab-based treatment. In a
Spanish trial, 66 FISH positive patients were evaluated and
HER2/CEP17 higher than 4.7 was identified as the cutoff
value for prolonged OS [22]. In another report by Ock et al.
[23], a HER2/CEP17 ratio of 4.48 clearly discriminated clinical outcomes. In our study, however, we failed to find optimal discriminating values for favorable PFS. This could have
resulted from the small number of samples, and our FISH
data did not come from a single laboratory. Tumor heterogeneity regarding the HER2 amplification could also be
another factor [24]. Further analysis is requested on this
issue.
The current study has several limitations. Data were collected in a retrospective manner and from multiple institutes.
This could draw somewhat inconsistent interpretation regarding the favorable tumor response, such as complete or partial responses. However, as we assessed PFS and OS, we
believe the validity of the conclusive data and rather, it may
reflect real world clinical outcomes. Although the backbone
regimens are varied, most of them (98.2%) are the combination of fluoropyrimidine (5-FU and capecitabine) and platinum (cisplatin, oxaliplatin) which have similar efficacies and
can be used interchangeably. And, as we focused on the efficacy of the treatment, the current analysis does not provide
ethnic or histologic difference of safety issue.

Conclusion
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In conclusion, despite the result of subset analysis of the
ToGA trial, we might conclude that irrespective of ethnicity
or histologic subtypes, patients with HER2-positive gastric
cancer can benefit from trastuzumab-based chemotherapy.
Further analysis to find predictive biomarkers for these
patients should be continued and ethnic difference and histologic subtypes should be considered for future clinical trials on gastric cancer patients.
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Multimodal Assessments Are Needed for Restaging after
Neoadjunvant Chemoradiation Therapy in Rectal Cancer Patients

Purpose
Restaging after neoadjuvant treatment is done for planning the surgical approach and,
increasingly, to determine whether additional therapy or resection can be avoided for
selected patients.
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Materials and Methods
Local restaging after neoadjuvant chemoradiation therapy (nCRT) was performed in 270
patients with locally advanced (cT3or4 or N+) rectal cancer. Abdomen and pelvic computed
tomography (APCT) was used in all 270 patients, transrectal ultrasound (TRUS) in 121
patients, and rectal magnetic resonance imaging (MRI) in 65 patients. Findings according
to imaging modalities were correlated with pathologic stage using Cohen’s kappa ($) to test
agreement and intra-class correlation coefficient % to test reliability.
Results
Accuracy for prediction of yp T stage according to three imaging modalities was 45.2%
($=0.136, %=0.380) in APCT, 49.2% ($=0.259, %=0.514) in rectal MRI, and 57.9%
($=0.266, %=0.520) in TRUS. Accuracy for prediction of yp N stage was 66.0% ($=0.274,
%=0.441) in APCT, 71.8% ($=0.401, %=0.549) in rectal MRI, and 66.1% ($=0.147, %=0.272)
in TRUS. Of 270 patients, 37 (13.7%) were diagnosed as pathologic complete responder
after nCRT. Rectal MRI for restaging did not predict complete response. On the other hand,
TRUS did predict three complete responders ($=0.238, %=0.401).
Conclusion
APCT, rectal MRI, and TRUS are unreliable in restaging rectal cancer after nCRT. We think
that multimodal assessment with rectal MRI and TRUS may be the best option for local
restaging of locally advanced rectal cancer after nCRT.

Introduction
According to some recent reports, neoadjuvant chemoradiation therapy (nCRT) followed by curative surgery has
become the therapy of choice in locally advanced rectal cancer. nCRT was introduced to improve local disease control,
and several large randomized trials have demonstrated a significant benefit from this treatment, with reduced local
recurrence rates and improved survival. Currently, com│ http://www.e-crt.org │

Key words
Rectal neoplasms, Neoadjuvant therapy, Neoplasm staging

bined-modality therapy including surgery, radiotherapy,
and chemotherapy is recommended for the majority of
patients with stage II or III rectal cancer [1-3].
In the diagnostic work-up of rectal cancer, several imaging
techniques are available for staging. Staging is built on two
principals. These are defining the local anatomy, allowing
for surgical planning, and estimating the prognostic stage by
revealing any distant metastases. In most rectal cancer
patients, surgical decisions are based on initial stage at diagnosis but may be altered according to response to nCRT [4].
Copyright ⓒ 2016 by the Korean Cancer Association
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Downstaging after nCRT may permit sphincter or even
organ-preserving approaches including close follow-up,
"wait-and-see." without resection [5-9], while upstaging after
nCRT may require more aggressive approaches such as multivisceral resection [10]. However, according to many investigators, imaging modalities including abdomen and pelvic
computed tomography (APCT), transrectal ultrasound (TR
US), rectal magnetic resonance imaging (MRI), or positron
emission tomography computed tomography (PET-CT) for
restaging after nCRT have very low accuracy [11-14].
In the current study, we evaluated the accuracy of APCT,
rectal MRI, and TRUS for local restaging after nCRT and
investigated the best modality for local restaging after nCRT.

Materials and Methods
Data from patients diagnosed with adenocarcinoma of the
rectum less than 12 cm from the anal verge by rigid proctosigmoidoscopy before nCRT in St. Vincent’s Hospital, The
Catholic University of Korea, between January 2007 and
December 2013 were collected. Among these patients, 270
patients were enrolled in this study. After obtaining review
board approval from our institute (VC14RISI0160), the data
and clinical information of these 270 patients were analyzed
retrospectively.
All 270 patients had clinical T3 to T4 or N positive tumors.
All of the analyzed patients underwent neoadjuvant radiotherapy with conventional fractionation, as follows: 1.8 Gy
per day; five fractions per week; and a total dose of 50.4
Gy/28 fractions (45 Gy/25 fractions initially to the whole
pelvis, followed by 5.4 Gy/3 fractions as a boost to the gross
tumor). All patients received two cycles of concurrent
chemotherapy with radiotherapy (5-fluorouracil [5-FU], 400
mg/m2 intravenously 1 hour before radiotherapy and leucovorin, 20 mg/m2 intravenously immediately before each
dose of 5-FU on days 1-5 and days 29-33). Surgical treatment
was performed within 6 to 8 weeks after the end of neoadjuvant therapy in all patients.
Imaging studies for restaging after nCRT were performed
approximately 4 weeks after completion of radiotherapy.
Since nCRT was applied to rectal cancer patients in our
institute, all rectal cancer patients who received nCRT have
been re-evaluated routinely before radical surgery by contrast-enhanced APCT. We added TRUS in July 2010 and rectal MRI in February 2012 as a routine preoperative procedure
for restaging in rectal cancer patients who received nCRT.
Consequently, APCT was performed in all 270 patients,
TRUS in 121 patients, and MRI in 65 patients. Considering
imaging modalities performed in individual patients, only
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APCT was performed in 144 patients for restaging, APCT
and TRUS in 61 patients, and APCT, TRUS, and rectal MRI
in 60 patients, and APCT and rectal MRI were performed for
restaging in five patients who were not able to undergo
TRUS because of luminal stricture by tumor. All APCT and
rectal MRI were reviewed by two radiologists and all TRUS
by two colorectal surgeons.
For T staging in TRUS, a clinical complete response of the
primary lesion after nCRT was defined when the primary
lesion after nCRT was movable and homogenous hypoechoic, remarkably reduced in size, had an intact whole rectal
wall structure (especially hyper-echoic submucosal line)
which was destructed before nCRT, and did not infiltrate to
perirectal tissue (Fig. 1).
For node characterization in APCT and rectal MRI, a combination of short axis dimension greater than 5 mm and node
morphology was used in prediction of nodal involvement.
For node characterization in TRUS, hypoechoic lymph nodes
with an irregular contour or greater than 5 mm were defined
as metastatic lymph nodes. In the current study, clinical N
positive was defined when lymph node involvement was
suspected by each imaging modality.
Our data were analyzed using the reference standard of
pathologic findings. Radiologic findings were correlated
with pathologic stage using Cohen’s unweighted kappa ($)
to test agreement and intra-class correlation coefficient % to
test reliability. $-values of 0.2 to 0.4 indicate fair agreement,
0.4 to 0.6 indicate moderate agreement, and greater than 0.6
indicate excellent agreement. $ " 0.5 was considered acceptable for the ability to predict pathologic findings. If %-value
" 0.5, the result was considered acceptable. Continuous variables were compared using Student’s t test and expressed as
the mean±standard deviation. Categorical variables were
analyzed using the !2 test. Significance was defined as a
p-value of # 0.05. All statistical analyses were performed
using the SPSS ver. 12.0 for Windows (SPSS Inc., Chicago,
IL).

Results
Of the 270 patients, 168 were males, and 102 were females.
The mean age was 62.8±10.8 years (range, 34 to 84 years).
None of our patients experienced any radiation-related or
chemotherapy-related major adverse effects more serious
than a grade 3 reaction, according to the Common Toxicity
Criteia ver. II.
Table 1 shows the relationship between predicted T stage
(ycT) according to each imaging modality used for restaging
after nCRT and pathologic T stage (ypT) after surgery.

Bong-Hyeon Kye, Local Restaging of Locally Advanced Rectal Cancer

Pre-nCRT

Post-nCRT

A

B

Fig. 1. A clinical complete response of the primary lesion after neoadjuvant chemoradiation therapy (nCRT) was defined
when the primary lesion after nCRT was homogenous hypoechoic, reduced in size, had an intact whole rectal wall structure
(B), especially hyper-echoic submucosal line, which was destructed before nCRT (A), and did not infiltrate to perirectal tissue.

Table 1. Analysis of the agreement between T stage according to the imaging modalities used for restaging after neoadjuvant
therapy and pathologic T stage after surgery
T stage
APCT
Rectal MRI
TRUS

Under-stage
41 (15.2)
7 (10.8)
9 (7.4)

Agreement

Over-stage

122 (45.2)
32 (49.2)
70 (57.9)

107 (39.6)
26 (40)
42 (34.7)

!

"

p-value

0.136
0.259
0.266

0.380
0.514
0.520

< 0.0001
0.002
< 0.0001

Values are presented as number (%). APCT, abdomen and pelvic computed tomography; MRI, magnetic resonance imaging;
TRUS, trans-rectal ultrasound.

Table 2. Analysis of the agreement between N stage according to the imaging modalities used for restaging and pathologic
lymph node involvement after surgery
N stage
APCT
Rectal MRI
TRUS

Under-stage
30 (11.1)
8 (12.5)
30 (24.8)

Agreement
178 (66.0)
46 (71.8)
80 (66.1)

Over-stage

!

"

p-value

62 (23.0)
10 (15.6)
11 (9.1)

0.274
0.401
0.147

0.441
0.549
0.272

< 0.0001
0.001
< 0.0001

Values are presented as number (%). APCT, abdomen and pelvic computed tomography; MRI, magnetic resonance imaging;
TRUS, trans-rectal ultrasound.

Accuracy for prediction of ypT stage according to three
imaging modalities was 45.2% ($=0.136, %=0.380) in APCT,
49.2% ($=0.259, %=0.514) in rectal MRI, and 57.9% ($=0.266,
%=0.520) in TRUS. Although three imaging tools had low
accuracy and low agreement, of those three tools, TRUS was
at least the most accurate. The majority of errors were due to
over-staging in all three modalities.
Table 2 shows the relationship between N stage (ycN)
according to the imaging modalities used for restaging after

nCRT and pathologic N stage (ypN) after surgery. Accuracy
for prediction of yp N stage was 66.0% ($=0.274, %=0.441) in
APCT, 71.8% ($=0.401, %=0.549) in rectal MRI, and 66.1%
($=0.147, %=0.272) in TRUS. Errors were mainly caused by
over-staging in APCT and rectal MRI and under-staging in
TRUS.
Accuracy for overall T and N stage is shown in Table 3.
Rectal MRI ($=0.326, %=0.613) was the most reliable tool
among three modalities for prediction of overall T and N

VOLUME 48 NUMBER 2 APRIL 2016

563

Cancer Res Treat. 2016;48(2):561-566

Table 3. Analysis of the agreement between T and N stage according to the imaging modalities used for restaging and
pathologic T and N stage
T and N stage
APCT
Rectal MRI
TRUS

Under-stage

Agreement

56 (20.7)
11 (16.9)
35 (28.9)

89 (32.9)
30 (46.2)
48 (39.6)

Over-stage
103 (38.1)
24 (36.9)
38 (31.5)

!

"

p-value

0.144
0.326
0.203

0.521
0.613
0.315

< 0.0001
< 0.0001
0.020

Values are presented as number (%). APCT, abdomen and pelvic computed tomography; MRI, magnetic resonance imaging;
TRUS, trans-rectal ultrasound.

Table 4. Prediction of complete response
APCT
yc CR
yc RD
Rectal MRI
yc CR
yc RD
TRUS
yc CR
yc RD

yp CR

yp RD

p-value

!

"

2
35

6
227

0.301

0.042

0.087

0
8

0
57

3
13

2
103

Not measureda)

0.016

0.238

0.401

CR, complete response; RD, residual disease; APCT,
abdomen and pelvic computed tomography; MRI, magnetic resonance imaging; TRUS, trans-rectal ultrasound.
a)
$ and % statistics could not be measured because rectal
MRI failed to predict yc CR.

stage.
In the current study, 37 of 270 patients (13.7%) were diagnosed as pathologic complete responder after nCRT. Rectal
MRI for re-staging did not predict complete response. That
is because T0 state was not predicted by rectal MRI. On the
other hand, TRUS did predict three complete responders
($=0.238, %=0.401) (Table 4).

Discussion
Although several methods for precise staging of rectal cancer have been described, TRUS, rectal MRI, and APCT are
the most commonly used. Accurate staging of rectal cancer
should ideally determine depth of invasion and presence of
lymph node metastases and should determine the resectability of locally advanced tumors. After radiation, however, the
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interpretation of findings becomes more difficult, and the
accuracy of all these examinations decreases.
By previous literature, TRUS, APCT, and rectal MRI in rectal cancer patients without nCRT had an acceptable accuracy
rate in predicting the pathologic stage. However, they
insisted that the accuracy rates of these imaging modalities
after nCRT were decreased [14-16]. In the setting of nCRT,
studies using APCT have reported accuracy of 46.3% to 74%
for prediction of ypT stage and 35% to 76% for prediction of
ypN stage. Studies using TRUS have reported 38.3% to 92.8%
for prediction of ypT stage and 72.6% for prediction of ypN
stage [15,16]. In addition, some investigators demonstrated
that standard MRI is not sufficient for restaging after nCRT
[14]. These authors explained that the accuracy of radiological restaging after nCRT is impaired due to the difficulty in
differentiating fibrotic or reactive tissue from residual tumor.
Lymph node staging with TRUS remains difficult and is
less accurate than T staging [17-19]. Staging of bulky, distal
and/or stenotic lesion with TRUS can be challenging due to
the limited field of view and the inability of probes to transverse the lesion. In addition, TRUS can evaluate only perirectal or mesorectal lymph nodes, thereby limiting the screening
capacity of this method. In contrast, other imaging modalities
such as APCT and rectal MRI can visualize the iliac and
mesenteric or retroperitoneal nodes, allowing for more comprehensive lymph node staging. For lymph node staging,
pre-nCRT rectal MRI also has low accuracy when the size criterion of 5 mm is used. Kim et al. [20] suggested that a lymph
node of size > 5 mm is a significant risk factor for pelvic
recurrence in rectal cancer. In addition to size, some imaging
findings such as spiculated or indistinct border and mottled
heterogeneous appearance could be useful in prediction of
regional lymph node involvement in patients with rectal cancer [21]. However, due to the downsizing effect of radiation,
it is difficult to adapt the size criterion for the prediction of
lymph node involvement after nCRT, and there are no definite criteria for differentiating metastatic lymph node and
irradiated lymph node change upon post-nCRT rectal MRI
using morphologic criteria.
In the current study, rectal MRI was the most accurate
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imaging modality for local restaging after nCRT. In particular, rectal MRI can be helpful in determining the circumferential resection margin of total mesorectal excision specimens by providing information on the distance between the
outermost edge of the tumor and the mesorectal fascia [22].
However, rectal MRI did fail to predict complete responder.
On the other hand, although TRUS was a less accurate
imaging modality with a limitation in prediction of ypN
stage, it was more accurate than rectal MRI for prediction of
pathologic complete responder as well as ypT stage. Statistical values of TRUS for pathologic complete response; the
overall accuracy was 106/121 (87.6%), 18.8% of sensitivity,
98.1% of specificity, 60% of positive predictive value, and
88.8% of negative predictive value. In our study, five patients
were predicted as ycT0 stage by TRUS. All five of these
patients were predicted complete responders by TRUS. On
pathologic examination, three of these five patients were
pathologic complete responders and one was ypT0N1 and
the other one was ypT1N1. One of these five patients was
predicted ycN+ by MRI. However, pathologic finding indicated that he was a complete responder. In view of a tailored
surgical option including local excision for good responder
after nCRT, a false-negative diagnosis reflected by a negative
predictive value may be crucial for planning a surgical treatment [16].
The limitations of our study are that three imaging modalities were not performed in all patients and that APCT and
rectal MRI were interpreted by several radiologists whereas
TRUS by a single surgeon. In addition, we did not evaluate
the accuracy of PET-CT, which, as recently mentioned, has
the potential for superiority in restaging for locally advanced

rectal cancer. However, due to limitations of the Korean
health care insurance system, routine performance of PETCT for restaging is not practical. We think that a welldesigned large scale study including various imaging studies
performed by co-work between radiologist and surgeon specialized in colorectal cancer is needed.

Conclusion
Given the low correspondence between pathologic status
prediction and actual pathologic assessment, each imaging
modality including CT, MRI, and TRUS is unreliable in
restaging rectal cancer after nCRT. Restaging after nCRT is
challenging with all modalities due to difficulty in reliably
differentiating between radiation-induced changes and the
tumor itself. However, based on our results, rectal MRI
might be helpful for overall tumor condition after nCRT and
TRUS for predicting complete responder. We think that rectal MRI and TRUS may be complementary, not alternative
options for local restaging of locally advanced rectal cancer
after nCRT.
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Endoscopic Criteria for Evaluating Tumor Stage after Preoperative
Chemoradiation Therapy in Locally Advanced Rectal Cancer

Purpose
Local excision may be an another option for selected patients with markedly down-staged
rectal cancer after preoperative chemoradiation therapy (CRT), and proper evaluation of
post-CRT tumor stage (ypT) is essential prior to local excision of these tumors. This study
was designed to determine the correlations between endoscopic findings and ypT of rectal
cancer.
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Materials and Methods
In this study, 481 patients with locally advanced rectal cancer who underwent preoperative
CRT followed by surgical resection between 2004 and 2013 at a single institution were
evaluated retrospectively. Pathological good response (p-GR) was defined as ypT " 1, and
pathological minimal or no response (p-MR) as ypT ! 2. The patients were randomly classified according to two groups, a testing (n=193) and a validation (n=288) group. Endoscopic
criteria were determined from endoscopic findings and ypT in the testing group and used
in classifying patients in the validation group as achieving or not achieving p-GR.
Results
Based on findings in the testing group, the endoscopic criteria for p-GR included scarring,
telangiectasia, and erythema, whereas criteria for p-MR included nodules, ulcers, strictures,
and remnant tumors. In the validation group, the kappa statistic was 0.965 (p < 0.001),
and the sensitivity, specificity, positive predictive value, and negative predictive value were
0.362, 0.963, 0.654, and 0.885, respectively.
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Conclusion
The endoscopic criteria presented are easily applicable for evaluation of ypT after preoperative CRT for rectal cancer. These criteria may be used for selection of patients for local
excision of down-staged rectal tumors, because patients with p-MR could be easily ruled
out.

Introduction
Preoperative chemoradiation therapy (CRT) is widely
accepted as an effective treatment for patients with locally
advanced low rectal cancer [1]. Of patients who undergo preoperative CRT followed by radical surgery, 10%-30% achieve

│ http://www.e-crt.org │

Key words
Rectal neoplasms, Chemoradiotherapy, Neoadjuvant therapy,
Response Evaluation Criteria in Solid Tumors, Endoscopy

complete regression (CR), defined as the histopathologically
confirmed absence of residual tumor cells [2]. Although radical resection is still the standard treatment for rectal cancer,
local excision has been accepted as an alternative for patients
who achieve CR or selective good response after preoperative CRT [3-10].
A recent phase II clinical trial of local excision after preop-
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erative CRT for rectal cancer suggested that the local excision
may be a good option for selected patients with rectal cancer
if post-CRT tumor stage (ypT) is "0" or "1" [11]. However,
prior to local excision, proper evaluation of ypT is essential.
Endoscopy is known to be more effective than other methods for evaluation of ypT, and several recent studies have
reported the endoscopic findings associated with clinical CR
or good response after preoperative CRT for distal rectal cancer [12-14]. However, those studies included a relatively
small number of patients, and their proposed endoscopic
findings were not standardized. The current study was therefore designed to determine the correlations between endoscopic findings and ypT of rectal cancer, and to suggest
endoscopic criteria for evaluation of ypT of rectal cancer.

Materials and Methods
Between 2004 and 2013, a total of 520 patients with histologically confirmed rectal cancer with or without lymph
node metastasis underwent surgery after preoperative CRT
at the National Cancer Center, Korea. In these patients the
tumors were located in the mid or distal rectum, clinically
diagnosed as cT3 or cT4, and showed no distant metastasis.
After exclusion of 39 patients, due to intervals between the
end of preoperative CRT and surgery of < 40 days or > 65
days, 481 patients were included in this study. This study
was approved by the Institutional Review Board of the
National Cancer Center, Korea (NCC2014-0005).
According to the standard treatment protocol of our institution, all patients received 45 Gy pelvic radiation therapy
in 25 fractions followed by a 5.4 Gy boost in three fractions
within 6 weeks, and preoperative chemotherapy was started
on the first day of pelvic radiotherapy and delivered concurrently with radiotherapy. All patients received a fluoropyrimidine-based regimen, consisting of (1) 5-fluorouracil and
leucovorin, (2) capecitabine, (3) capecitabine and irinotecan,
or (4) oral tegafur and uracil. Tumor resections were performed 6-8 weeks after the last dose of CRT. All patients
underwent two endoscopic evaluations, shortly before preoperative CRT and just before surgery.
Clinical and pathological data were reviewed and endoscopic images were collected from our database. Pathological
response was determined by histopathologic examination of
tumor specimens. A pathological good response (p-GR) was
defined as ypT0, ypTis, or ypT1, whereas a pathological minimal or no response (p-MR) was defined as ypT2-4.
The 481 enrolled patients were randomized into two
patient cohorts using a computer generated random sampling, with 193 included in the testing set and 288 included
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in the validation set. Three expert endoscopists (A, B, and C)
evaluated the endoscopic findings based on recorded endoscopic pictures, and determined by consensus the standard
endoscopic findings after preoperative CRT based on previous reports [12-14]. These findings included scarring, telangiectasia, erythema, nodules, ulcers, strictures, and remnant
tumor, as defined in Table 1.
1. Testing set
Endoscopist A performed evaluation of the testing set. Preoperative endoscopic findings and postoperative histopathologic results of 193 randomly selected patients were
reviewed. Following analysis of the endoscopic characteristics used to differentiate between p-GR and p-MR, the
patients were classified according to two groups: those with
endoscopic findings for p-GR (e-GR) and p-MR (e-MR).
2. Validation set
Endoscopists B and C evaluated the validation set. These
two endoscopists reviewed and classified endoscopic findings of 288 patients without information on their ypT classification, using the endoscopic criteria determined in the
testing group. Agreement between e-GR and p-GR was analyzed.
3. Statistical analyses
Continuous variables were compared using Student’s
t test and categorical variables using the chi-squared or
Fisher exact test, as appropriate. The validity of the endoscopic criteria was determined by calculating kappa value,
sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and positive and negative likelihood ratios.
p-values of < 0.05 were considered statistically significant.
All statistical analyses were performed using SPSS ver. 14.0
(SPSS Inc., Chicago, IL).

Results
The 481 included patients consisted of 344 men and 137
women, with a mean age of 59.7 years (range, 27 to 87 years).
Of these, 478 patients underwent radical resection and three
patients underwent local excision. Mean tumor sizes were
5.5 cm (range, 1.5 to 12 cm) before CRT and 2.7 cm (range, 0
to 9.5 cm) after CRT. Of these patients, 53 (11.0%) had ypT0
tumors, nine (1.9%) had ypTis, 26 (5.4%) had ypT1, 112
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Table 1. Definition of endoscopic findings for evaluating tumor response after preoperative chemoradiation
Finding
Good response
Scarring
Telangiectasia
Erythema
Minimal or no response
Nodule
Ulcer
Stricture
Remnant tumor

Definition
Flattening and whitening of the mucosa with fibrotic changes
Scarring surrounded by small blood vessels
Scarring or erosion with peripheral erythematous mucosal changes
No definite tumor but a residual small mucosal lump
Any residual ulceration with a necrotic or regenerative bed
Luminal narrowing with over 50% reduction in luminal diameter
Definite residual tumor with or without ulceration

Table 2. Patient demographic and tumor characteristics
Characteristic
Age (yr)
Sex
Male
Female
Histologic grade
Low
High
Tumor size (cm)
Pre-CRT
Post-CRT
Distance from anal verge (cm)
Clinical T classification
cT3
cT4
Operation type
Low anterior resection
Abdominoperineal resection
Transanal excision
Pathologic T classification
ypT0
ypTis
ypT1
ypT2
ypT3
ypT4
Dworak’s regression grade
4 (total regression)
3 (near-total regression)
2 (moderate regression)
1 (minimal regression)
0 (no regression)

Total (n=481)

Testing (n=193)

Validation (n=288)

p-value

59.7 (27-87)

59.5

59.8

ns

344 (
137 (

136
57

208
80

ns

461 (
20 (

182
11

279
9

ns

5.5 (1.5-12)
2.7 (0-9.5)
5.7 (0-13)

5.7
2.5
5.7

5.6
2.8
5.7

ns
ns
ns

450 (93.6)
31 (6.4)

182
11

268
20

ns

435 (
43 (
3(

175
16
2

260
27
1

ns

53 (11.0)
9 (1.9)
26 (5.4)
112 (23.3)
256 (53.2)
25 (5.2)

25
4
12
39
103
10

28
5
14
73
153
15

ns

48 (10.0)
60 (12.5)
270 (56.1)
99 (20.6)
4 (0.8)

23
21
112
36
1

25
39
158
63
3

ns

Values are presented as mean (range) or number (%). ns, not significant; CRT, chemoradiation therapy.

VOLUME 48 NUMBER 2 APRIL 2016

569

Cancer Res Treat. 2016;48(2):567-573

Table 3. Endoscopic findings according to pathologic
response in the testing set

Table 4. Endoscopic findings evaluated by two endoscopists in the validation set

Endoscopic finding

Endoscopic finding

e-GR findings
Scarring
Erythema
Telangiectasia
e-MR findings
Nodules
Ulcer
Stricture
Remnant tumor
Total

p-GR

p-MR

8 (19.5)
8 (19.5)
5 (12.2)

4 (2.6)
4 (2.6)
2 (1.4)

2 (4.9)
13 (31.7)
4 (9.8)
1 (2.4)
41 (

8 (5.3)
64 (42.1)
28 (18.4)
42 (27.6)
151 (

Endoscopist B

e-GR findings
Scarring
Erythema
Telangiectasia
e-MR findings
Nodule
Ulcer
Stricture
Remnant tumor
Total

Endoscopist C

9 (3.1)
13 (4.5)
4 (1.4)

8 (2.7)
12 (4.2)
4 (1.4)

17 (5.9)
194 (67.4)
7 (2.4)
44 (15.3)
288 (

8 (2.8)
192 (66.7)
24 (8.3)
40 (13.9)
288 (

Values are presented as number (%). e-GR, endoscopic
good response; e-MR, endoscopic minimal or no response.

Values are presented as number (%). p-GR, pathological
good response; p-MR, pathological minimal or no
response; e-GR, endoscopic good response; e-MR, endoscopic minimal or no response.

A

B

C

E

F

G

D

Fig. 1. Endoscopic findings for evaluation of tumor response after preoperative chemoradiation. (A) Scarring. (B) Telangiectasia. (C) Erythema. (D) Nodule. (E) Ulcer. (F) Stricture. (G) Remnant tumor.

(23.3%) had ypT2, 256 (53.2%) had ypT3, and 25 (5.2%) had
ypT4 (Table 2).
1. Testing set
Three endoscopic characteristics were associated with
p-GR (e-GR): scarring, telangiectasia, and erythema (Table 3,
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Fig. 1), while four endoscopic characteristics were associated
with p-MR (e-MR): nodule, ulcer, stricture, and remnant
tumor (Fig. 1). The sensitivity and specificity of these endoscopic characteristics in predicting p-GR were 0.538 and
0.935, respectively, whereas the PPV and NPV were 0.677
and 0.889, respectively.
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Table 5. Validities of predicting pathological good response based on endoscopic findings
Statistic
Sensitivity
Specificity
Positive predictive value
Negative predictive value
False positive ratio
False negative ratio
Positive likelihood ratio
Negative likelihood ratio

Testing set

Validation set

Endoscopist A

Endoscopist B

Endoscopist C

0.538
0.935
0.677
0.889
0.323
0.111
8.292
0.494

0.362
0.963
0.654
0.885
0.346
0.115
9.686
0.663

0.277
0.959
0.565
0.872
0.435
0.128
6.666
0.755

2. Validation set
Using the endoscopic criteria determined in the testing set,
classification of the 288 patients in the validation set was performed by two endoscopists (Table 4). The kappa statistic for
inter-observer agreement was 0.965 (p < 0.001), and the sensitivity and specificity of the endoscopic criteria in predicting
p-GR were 0.362 and 0.963, respectively, for endoscopist B
and 0.277 and 0.959, respectively, for endoscopist C. The PPV
and NPV of these criteria were 0.677 and 0.889, respectively,
for endoscopist B and 0.654 and 0.885, respectively, for
endoscopist C. The false-positive and false-negative ratios
were 0.323 and 0.111, respectively, for endoscopist B and
0.346 and 0.115, respectively, for endoscopist C (Table 5).

Discussion
Several recent studies have reported on the feasibility of
local excision of selected down-staged rectal cancers after
preoperative CRT. In determining whether local excision is
feasible in individual patients, proper evaluation of ypT after
preoperative CRT is essential. Methods normally used for
evaluation of ypT include digital rectal examination (DRE),
imaging modalities (e.g., magnetic resonance imaging [MRI],
ultrasound), and endoscopy. DRE is a simple and effective
method of evaluating distal rectal lesions. Although very
effective in detection of primary tumors, it has been found
to underestimate the extent of rectal cancer response after
preoperative CRT, suggesting that ypT should not be evaluated solely by DRE [15,16]. Ultrasound and MRI are also
commonly used for preoperative evaluation of tumor stage
in rectal cancer patients; however, evaluation by ultrasound
was reported to be less accurate in assessing rectal tumor
response after preoperative CRT [17], and MRI could not pre-

dict pathological complete response after preoperative CRT
[12]. Serum concentration of chorioembryonic antigen (CEA)
and re-biopsy may be useful for predicting pathologic CR
after preoperative CRT; however, evidence is still lacking
[12,13].
Currently, endoscopy is the only method to enable direct
evaluation of rectal cancers after CRT, suggesting that it may
be more effective for evaluation of ypT than other methods
[12,14]. However, despite its efficacy, endoscopic descriptions remain subjective and non-standardized. Thus, there is
a need for standardized criteria for endoscopic evaluation of
ypT. In this study, the endoscopic findings of post-CRT rectal
cancer were categorized according to seven categories—scarring, telangiectasia, erythema, nodule, ulcer, stricture, and
remnant tumor—and these categories were used in classifying patients according to two response groups (e-GR and
e-MR). Agreement between e-GR and p-GR was also analyzed. The kappa statistic of our endoscopic criteria was
excellent (0.965), indicating that these criteria can be easily
applied. We also found that this classification system has
very high specificity (0.963) and NPV (0.885), but relatively
low sensitivity (0.362) and PPV (0.654), suggesting that these
endoscopic criteria can strongly predict p-MR cases, but are
less able to predict p-GR. Thus, these criteria can be helpful
in selection of candidates for local excision.
Residual cancer cells in rectal cancer specimens after
chemoradiation have been reported to be preferentially
located close to the invasive front, not the mucosal surface
[18], suggesting that endoscopic findings are not predictive
of ypT0. Therefore, our classification system had high specificity, not sensitivity. In addition, some cases showed endoscopic findings not matching the pathologic response
(Fig. 2). Development of a more accurate prediction system,
with higher sensitivity, requires additional studies that
include other methods of evaluation, including MRI, ultrasound, CEA, and/or clinical factors.
This study had several limitations. The study was retro-
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A

B

Fig. 2. Cases showing endoscopic findings not matching the pathological response. (A) Pathological good response (ypT0)
showing endoscopic minimal or no response (ulcer). (B) Pathological poor response (ypT3) showing endoscopic good
response (erythema).

spective in design and used recorded endoscopic pictures,
some of which were limited. In addition, the number of
patients who showed clinical or p-GRs may have been insufficient for data analysis. Conduct of large prospective studies
will be required in order to validate our novel endoscopic
criteria. Another limitation is that lymph node involvement
of tumors was not considered in this study. The contraindication for local excision includes rectal cancers with lymph
node metastasis. Therefore, evaluation of the lymph node
status using imaging modalities is necessary prior to application of these criteria in clinical practice.

be narrowly used to determine the suitability of patients for
local excision, with or without additional radical surgery, following down-staging after preoperative CRT, since patients
who do not show a pathologic good response could be ruled
out.
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Purpose
The purpose of this study is to evaluate the efficacy of hypofractionated radiation therapy
(RT) in the treatment of unresectable hepatocellular carcinoma (HCC) after failure of transarterial chemoembolization (TACE) or in cases of refractory HCC, and to investigate biliary
complications after hypofractionated RT.
Materials and Methods
We retrospectively enrolled patients with unresectable, TACE-unresponsive, or refractory
HCC treated with hypofractionated RT between July 2006 and December 2012. The perihilar
region was defined as the 1-cm area surrounding the right, left, and the common hepatic
duct, including the gallbladder and the cystic duct. Significant elevation of total bilirubin was
defined as an increase of more than 3.0 mg/dL, and more than two times that of the previous level after completion of RT.
Results
Fifty patients received hypofractionated RT and 27 (54%) had a tumor located within the
perihilar region. The median follow-up period was 24.7 months (range, 4.3 to 95.5 months).
None of the patients developed classic radiation disease symptoms, but four patients (8%)
showed significant elevation of total bilirubin within 1 year after RT. During follow-up,
12 patients (24%) developed radiologic biliary abnormalities, but only two patients had toxicities requiring intervention. Estimated local progression-free survival, progression-free survival, and overall survival of the patients at 3-year post-hypofractionated RT were 89.7%,
11.2%, and 57.4%, respectively.
Conclusion
Biliary complications associated with a higher dose exposure of hypofractionated RT were
minimal, even in the perihilar region. Hypofractionated RT provided excellent local control
and may be a valuable option for treatment of unresectable cases of TACE-unresponsive or
refractory HCC.

Introduction
In treatment of unresectable cases of hepatocellular carcinoma (HCC), sorafenib is the only valid treatment option if
trans-arterial chemoembolization (TACE) fails or has an
insufficient effect [1]. In a subgroup analysis of two random-
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ized phase-III trials among European or Asian-Pacific
patients, despite a significant survival benefit of sorafenib,
absolute survival was only extended by a few months [2,3].
Radiation therapy (RT) is a validated treatment modality
in the oncology field and is expected to be a reliable treatment alternative for unresectable cases of TACE-unresponsive or refractory HCC. Despite a lack of data from random-

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

│ http://www.e-crt.org │

Jeong Il Yu, Clinical Outcomes of Hypofractionated RT for HCC

ized controlled trials, strong evidence from retrospective and
prospective studies has shown that RT can provide good
local control and extend patient survival [4,5]. In particular,
stereotactic ablative body RT (SABR) and hypofractionated
RT yield an excellent objective response rate with a > 80%
local control rate [6-8].
The most important concern associated with RT for HCC
is deterioration of normal liver function; however, with
advances in RT techniques and improved radiobiology, the
classic radiation-induced liver disease (RILD) observed in the
early days of RT is becoming less of a problem [9]. Nevertheless, biliary inflammation with or without stricture remains
a concern in application of RT in unresectable cases of HCC.
Several studies have reported on the emergence of symptomatic biliary complications 1 to 10 years after RT for tumors
related to the biliary system; however, those studies were
conducted more than 20 years ago [10,11].
Previously, we reported results for treatment of small, but
unresectable, TACE-unresponsive or refractory HCC with
hypofractionated RT [12]. In this study, we found that outcomes of hypofractionated RT were comparable to those
using other RT techniques, specifically 85.0% local control
and 100.0% overall survival (OS) at 2 years. However, this
study was limited by its small sample size and short followup period.
To address our previous findings and limited conclusions,
in this study we evaluated the efficacy of hypofractionated
RT in unresectable cases of TACE-unresponsive or refractory
HCC and investigated the incidence of biliary stricture after
hypofractionated RT.

Materials and Methods
Patients with unresectable, TACE-unresponsive, or refractory HCC treated with hypofractionated RT at Samsung
Medical Center between July 2006 and December 2012 were
enrolled retrospectively. The Samsung Medical Center Institutional Review Board approved this study and exempted
the requirement for written consent.
All patients enrolled in this study received hypofractionated RT for treatment of unresectable, TACE-unresponsive,
or refractory HCC. The inclusion criteria were as follows:
Eastern Cooperative Oncology Group (ECOG) performance
score of 0 or 1; normal liver volume (whole liver minus gross
tumor volume) of " 700 mL; HCC size < 5 cm; # 15% of normal liver volume exposed to 50% of the prescribed RT dose;
and tumor site not adjacent to critical organs such as the gastroduodenum or the large/small bowel.
To avoid inaccurate targeting secondary to tumor move-

ment during radiation treatment, an additional margin
following the cranio-caudal orientation was outlined using
fluoroscopy; this was done before setting up the respirationgated protocol with four-dimensional computed tomography (CT) simulation in 2008. Since then, respiratory gating
has become the routine protocol for administration of RT for
HCC. The technical details of our simulation, planning, verification, and RT-delivery protocols are described in the previous report [13]. The total number of fractions was ten and
the fraction size of hypofractionated RT was 5 or 6 Gy. The
plan objective was to cover at least 70% of the clinical target
volume with 100% of the prescribed dose.
The first follow-up evaluations after hypofractionated
RT were performed 1 month after treatment and every
2 to 3 months thereafter. At each follow-up, patients underwent clinical and physical examinations, CT or magnetic
resonance imaging (MRI) with or without positron emission
tomography, measurement of serum tumor markers, and
chemistry profiling that included liver function tests. Patient
toxicity levels were assessed using the Common Terminology Criteria for Adverse Events, ver. 4.0. The response to
hypofractionated RT was evaluated using the modified
response evaluation criteria for solid tumors based on CT or
MRI scans acquired at the 3- to 5-month follow-up visit.
The perihilar region was defined as the area within 1 cm
right and left of the hepatic duct and the common hepatic
duct, including the gallbladder and the cystic duct. Significant elevation of total bilirubin was defined as total bilirubin
elevation > 3.0 mg/dL and more than two times the previous
level after RT completion. Biliary dilation was defined as
duct dilatation two or more times greater than the previous
diameter and/or appearance of a biliary tree that was previously unseen in the radiologic examination. If total bilirubin
elevation was unreasonable based on laboratory liver function results and if biliary dilatation was noted, biliary drainage was performed via endoscopic retrograde biliary
drainage (ERBD) and/or percutaneous trans-hepatic biliary
drainage (PTBD).
Local progression (LP) was defined as the presence of a
" 20% increase in the viable tumor diameter, which was
encompassed by a planning target volume in images taken
during follow-up. Intra-hepatic progression (IHP) was defined as new recurrence of a viable tumor or progression of a
previously controlled tumor in the liver, including vascular
invasion beyond the RT field. Extra-hepatic progression
(EHP) was defined as any recurrence outside the liver.
LP-free survival (LPFS), progression-free survival (PFS),
and OS were calculated as the duration from the start date
of receiving hypofractionated RT to the date when a new
event was first detected or the date of the last follow-up visit,
if follow-up had been event-free.
Fisher exact tests were used for comparison of differences
VOLUME 48 NUMBER 2 APRIL 2016
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in clinical characteristics and treatment types between the
groups. The Kaplan-Meier method was used for calculation
of survival curves, and the log-rank test was used for comparison of differences between the survival curves. Multivariate survival analysis was performed using a Cox proportional hazards model tested using the Schoenfeld residuals
method with variables showing statistical significance in univariate analysis and Child-Pugh class. The PASW ver. 21.0
(IBM Co., Armonk, NY) was used for all analyses. All statistical tests were evaluated as two-sided and p < 0.05 was considered statistically significant.

Results
1. Patients
During the study period, 50 patients received hypofractionated RT for treatment of unresectable, TACE-unresponsive, or refractory HCC. The median follow-up period for the
patient samples was 24.7 months (range, 4.3 to 95.5 months).
Patient characteristics are shown in Table 1. Median
patient age was 61 years (range, 38 to 83 years) and male
patients accounted for more than 85% of total cases. Serum
hepatitis B viral antigen markers were positive in 37 patients
(74%); 41 patients (82%) had concurrent liver cirrhosis; and
three patients (6%) had Child-Pugh scores of class B. Twentyseven patients (54%) had the tumor located within the perihilar region. The median -fetoprotein (AFP) level before RT
was 46.2 ng/mL (range, 1.6 to 5,077.4 ng/mL). Ten patients
(20%) also had portal-vein tumor thrombosis, and three
patients had tumors involving bile-duct invasion. A fraction
size of 6 Gy was used in five patients (10%).
All enrolled patients had undergone TACE treatment at
least once (median number of TACE treatments, 4; range,
1 to 20). TACE treatment was combined with surgical resection, radiofrequency ablation (RFA), or previous RT in 14
(28%), 23 (46%), and three (6%) patients, respectively.
Although exact staging was not possible because of multiple
previous treatments, Barcelona Clinic for Liver Cancer
(BCLC) C-stage was identified in 18 patients (36%).
2. Treatment response
In the images taken at the 3- to 5-month follow-up evaluation, 27 patients (54%) showed a complete response of the
viable contrast-enhanced lesion, 11 patients (22%) showed a
partial response, and 10 patients (20%) showed stable disease. LP within 5 months after RT was detected in two
patients (4%). Among the five patients who received a frac-
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Table 1. Baseline characteristics of hepatocellular carcinoma patients
Variable
Age, median (range, yr)
Sex
Male
Female
ECOG performance status
0
1
Cause of hepatitis
Hepatitis B virus
Hepatitis C virus
Alcohol
Other
Liver cirrhosis
Yes
No
Child-Pugh class
A
B
BCLC stage
C
Other
Present tumor status
Recurrent
Primary
Tumor size (cm)
3
>3
-Fetoprotein (ng/mL)
< 200
 200
Portal vein tumor thrombosis
Yes
No
Fraction size
5 Gy
6 Gy
Previous treatment (repeated measure)
Surgery
RFA
TACE
RT
Sorafenib
Naïve

No. of patients (%)
(n=50)
61 (38-83)
43 (86)
7 (14)
15 (30)
35 (70)
42 (82)
5 (10)
2 (4.0)
1 (2.0)
41 (82)
9 (18)
47 (94)
3 (6)
18 (36)
32 (64)
46 (92)
4 (8)
46 (92)
4 (8)
47 (74)
13 (26)
10 (20)
40 (80)
45 (90)
5 (10)
10 (20.8)
13 (27.1)
44 (91.7)
4 (8.3)
1 (2.1)
2 (4.2)

ECOG, Eastern Cooperative Oncology Group; BCLC,
Barcelona Clinic Liver Cancer; RFA, radiofrequency ablation; TACE, trans-arterial chemoembolization; RT, radiation therapy.
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Fig. 1. Kaplan-Meier curves of local progression-free survival (LPFS), progression-free survival (PFS), and overall
survival (OS) in all enrolled patients; OS and LPFS were
57.4% and 89.7% at 3 years, respectively, but PFS was only
11.2%.

tion size of 6 Gy, complete response was achieved in three
patients with one partial response, and one stable disease.
3. LP and patterns of first site failure
During follow-up, 46 patients (92%) progressed to one of
several failure patterns. LP was observed in five patients
(10%): two had LP only and three had LP combined with
IHP. IHP-only was the most frequent first failure pattern
(n=32, 64%). EHP was observed as a first failure pattern in
nine patients (18%); two patients with EHP also had IHP
(Supplementary Fig. S1). The remaining four patients (8%)
showed no evidence of treatment failure throughout the follow-up period.
With the exception of one patient who refused further
treatment after EHP, all 45 patients received additional treatment after progression. TACE was repeated for 39 cases, RFA
was repeated for nine, and further RT was repeated for 12
patients. Three patients underwent a liver transplant at 4, 7,
and 24 months after RT, respectively, and all patients showed
a complete pathologic response at the irradiated lesion site.
4. Survival outcomes
LPFS, PFS, and OS were 89.7%, 11.2%, and 57.4%, respectively, for all enrolled patients 3 years after RT. Kaplan-Meier
curves are shown in Fig. 1.
Possible prognostic factors related to survival are shown
in Table 2. A maximum tumor size > 3 cm showed significant
association with lower LPFS (p=0.01), but not with decreases

in PFS and OS. In contrast, a decrease in AFP 4-8 weeks after
RT completion was a significant favorable prognostic factor
for PFS only (p=0.02). The most important favorable prognostic factor for OS (p=0.03), LPFS (p=0.03), and PFS (p=0.04)
was showing a positive objective response 3 to 5 months after
receiving RT. Kaplan-Meier survival curves according to significant prognostic factors are shown in Supplementary
Fig. S2. In multivariate analysis with all significant factors
and Child-Pugh class, size was the only significant factor on
LPFS (p=0.009; hazard ratio [HR], 11.4; 95% confidence
interval [CI], 1.83 to 71.2), AFP decrement on PFS (p=0.02;
HR, 0.50; 95% CI, 0.28 to 0.91), and positive objective
response on OS (p=0.04; HR, 0.40; 95% CI, 0.17 to 0.95). Positive objective response showed only marginal significance
on LPFS (p=0.06) and PFS (p=0.07).
5. Treatment-related toxicity
During treatment, grade I fatigue and/or anorexia were
observed in seven patients (14%), and one patient complained of pre-existing jaundice related to bile-duct tumor
invasion that was aggravated during RT.
Treatment-related hematologic and hepatic toxicity profiles of patients within 6 months after receiving RT are shown
in Supplementary Table 1. The most common toxicity was
elevated liver enzyme levels, which was generally transient
and patients typically recovered to normal levels by the next
follow-up evaluation.
Four patients (8%) with liver cirrhosis and low platelet
count before starting RT developed grade III thrombocytopenia (< 50,000 platelets/µL).
During follow-up, 12 patients (24%) showed signs of biliary change during their radiologic examinations (Table 3).
Among these changes, eight patients were exposed to more
than 40 Gy in the perihilar region, while the other four
patients were not. The median time interval between receiving RT and showing initial signs of biliary change was 21.0
months (range, 2.0 to 51.9 months). Three patients developed
biloma within 1 month of undergoing TACE treatment.
Biliary dilation was observed in nine patients, and the dilation site was the same as the RT field in seven patients.
Finally, three patients showed noticeable biliary dilation
without definite evidence of tumor progression, and only
two patients required intervention for biliary drainage
(patients A and B). Although classic RILD was not observed
in any patient, four patients (8%) showed an elevation of
Child-Pugh score of " 2 points within 6 months.
6. Significant elevation of total bilirubin after RT
Four patients (8%) showed significant elevation of total
bilirubin within 1 year of treatment. Among them, three
VOLUME 48 NUMBER 2 APRIL 2016
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Table 2. Prognostic factors for local progression-free survival
Variable
Age (yr)
> 60
# 60
Sex
Male
Female
Child-Pugh class
A
B
ECOG performance status
0
1
AFP (ng/mL)
< 200
" 200
Size (cm)
#3
>3
BCLC stage
Other
C
PVTT
Yes
No
AFP decrement
Yes
No
Fraction size
5 Gy
6 Gy
Objective response
Yes
No

3-yr LPFS (%)

p-value

3-yr PFS (%)

p-value

3-yr OS (%)

p-value

92.1
87.0

0.50

8.3
9.9

0.98

70.4
40.8

0.12

88.1
100

0.37

7.5
38.1

0.12

54.1
80.0

0.88

91.1
N.R.

0.11

11.2
N.R.

1.00

60.2
N.R.

0.14

80.0
93.7

0.11

8.9
9.3

0.72

34.5
67.0

0.18

88.8
92.3

0.77

12.6
7.7

0.56

61.6
39.6

0.40

93.2
N.R.

0.01

12.3
N.R.

0.33

59.0
37.5

0.59

86.7
94.4

0.42

7.8
16.7

0.62

63.3
48.4

0.30

100
86.9

0.24

20.0
9.0

0.21

58.3
57.0

0.86

92.5
85.7

0.40

12.0
9.5

0.02

54.1
60.1

0.28

88.5
100

0.45

9.6
30.0

0.43

54.5
100

0.18

94.3
75

0.03

12.0
8.3

0.04

66.7
30.0

0.03

LPFS, local progression-free survival; PFS, progression-free survival; OS, overall survival; N.R., not reached; ECOG, Eastern
Cooperative Oncology Group; AFP, %-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; PVTT, portal vein tumor
thrombosis.

patients had a Child-Pugh score elevation of two or more
points within six months; one experienced elevation after
additional TACE because of LP with IHP; a second had an
initial Child-Pugh score of 8, which worsened due to IHP;
and the third received ERBD before RT for treatment of a preexisting stricture of the common bile duct and ERBD was
repeated because the first attempt failed 2 months after RT
(patient A). The remaining patient with significantly elevated
total bilirubin had jaundice during RT, and underwent PTBD
insertion 7 months after completing RT (patient B). Patients
A and B received 10 fractions of 5 Gy. The patient’s PTBD
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MRI results before and after RT are shown in Fig. 2. He
received hypofractionated RT directed at the tumor, which
had invaded the anterior branch of the right hepatic duct.
After 5 months, the patient showed a partial response, however, his bilirubin levels continued to increase, which
resulted in a narrowing of the main duct at the conjunction
level, as observed on PTBD.
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Table 3. Radiologic biliary change after hypofractionated RT
Location

Biliary
change

Obstruction

Interval
(mo)a)

Tumor
related

TACE
related

Bilirubin
elevation

Intervention

Perihilar
Perihilar
Non-perihilar
Perihilar
Non-perihilar
Perihilar
Perihilar
Perihilar
Non-perihilar
Perihilar
Perihilar
Non-perihilar

Dilatation
Dilatation
Dilatation
Dilatation
Dilatation
Dilatation
Dilatation
Dilatation
Dilatation
Biloma
Biloma
Biloma

In-field
In-field
In-field
In-field
In-field
In-field
In-field
Out-field
Out-field
Out-field
In-field
Out-field

2
7
32
13
10
21
24
52
25
20
6
38

Possible
Possible
No
Definite
Definite
Definite
Definite
Definite
Definite
No
No
Possible

No
No
Possible
No
No
No
No
Possible
No
Definite
Definite
Definite

Yes
Yes
No
Yes
No
No
No
No
No
No
No
No

ERBD re-insertion
PTBD
PTBD
-

Patient
A
B
C
D
E
F
G
H
I
J
K
L

RT, radiation therapy; TACE, trans-arterial chemo-embolization; ERBD, endoscopic retrograde biliary drainage; PTBD,
percutaneous trans-hepatic biliary drainage. a)Time interval of biliary change development after completion of hypofractionated RT.

Discussion
In terms of patient survival, local tumor control is one of
the most important aspects of oncological treatment. In fact,
further therapeutic management is almost meaningless in the
absence of local control. Likewise, local control is necessary
to improve survival in HCC cases, even though IHP will
develop during the follow-up period in almost all patients
who do not receive a liver transplant [14]. In cases of TACE
failure for unresectable HCC patients, there is no other
broadly accepted approach for local management; sorafenib
is currently the only confirmed treatment option [2,3]. However, response to sorafenib for localized tumor lesions is generally poor [2]. Many investigators are still trying to find a
more cost-effective and beneficial modality for local control
in unresectable HCC cases.
The recent development of a technique and equipment for
performance of RT with respiratory motion management
makes it possible to deliver a controllable or even ablative
dose to the tumor while introducing an acceptable level of
toxicity to the surrounding normal liver tissue [5-7].
Although this was not a randomized study design and the
outcome was based on a relatively small number of cases,
several prospective and retrospective studies have reported
that local control with a higher dose RT, such as SABR, was
as high as that received from RFA [6,7]. Based on these
results, some radiation-oncology investigators proposed
adaption of RT as the next line of management according to
the BCLC guidelines [15,16]. In addition, recent guidelines
from the Korean Liver Cancer Study Group recommend RT

as an alternative modality in cases of unresectable, TACEunresponsive, or refractory HCC [17].
Despite the effectiveness of RT, including SABR, according
to multiple prospective as well as retrospective studies, there
is still concern regarding RT toxicities in HCC management.
Classic RILD, the most serious RT-associated toxicity, has
been scarcely reported in recent years due to several predictive models of normal liver toxicity, which are based on previous experience, and advanced RT technology [8]. Gastroduodenal toxicity, another serious complication, has also
been extensively studied and can be optimally managed
[18,19].
On the other hand, radiation-induced biliary complications, like bile-duct stricture, necrosis, and/or cholangitis,
are persistent problems that complicate high-dose RT guidelines [10,11]. Radiation-induced biliary complications were
reported in early studies on the use of external-beam RT, and
were thought to result from injury to the ductal cells and
microvessels, leading to progressive microvasculitis and
hypoxia [10].
Other modalities besides RT can cause biliary complications in HCC patients. RFA can induce direct thermal injury
to the bile duct, and the surgical process, in general, can also
cause biliary complications [20,21]. Most frequently, TACE
can cause biliary cellular apoptosis and/or necrosis due to
hypoxia via occlusion of macro- and/or micro-vessels [22].
In fact, contrary to concerns, biliary complications are currently not common after external hypofractionated RT. In the
current study, only two patients (4%) experienced biliary
strictures that could possibly be related to RT. These patients
had tumors located in the perihilar region, and the incidence
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Fig. 2. Biliary stricture after hypofractionated radiation therapy (RT) in unresectable hepatocellular carcinoma. The tumor
in segment 8 invaded the bile duct at the hilum side (A, B). The tumor regressed over 4 months following RT (C, D), but the
patient experienced concurrent continuous aggravated jaundice (E) and, above the irradiated area, bile duct dilatation was
confirmed after percutaneous bile duct drainage (F). Target lesion (white arrow, before RT; yellow arrow, after RT).

of stricture was increased to 7.4% when focusing on the perihilar region. It is important to note, however, that biliary
narrowing and strictures were already present and progressing by the time these patients underwent RT. In addition,
there was a possibility that these biliary strictures were
related to the primary tumor with or without progression.
The bile-duct complication rate after high-dose RT has
been rarely reported in the medical literature [7]. In a previous study, only one of 166 patients experienced biliary stenosis after proton-beam therapy [23] and, in another study, one
of 50 patients showed exceptional biliary stenosis after five
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fractions of 35 to 50 Gy SABR [24]. The complication rate
from high-dose hypofractionated RT or SABR was as low as
1%-2%, much lower than that of the other standardized
modalities described above.
In this study, we analyzed extended follow-up results from
patients who received high-dose hypofractionated RT for
unresectable, TACE-unresponsive, or refractory HCC. Our
results were consistent with previously reported favorable
results, indicating that RT offers > 85% local control and OS
was > 55% at 3 years. In addition, these results are comparable with previous results from TACE and SABR studies

Jeong Il Yu, Clinical Outcomes of Hypofractionated RT for HCC

[7,25].
PFS after high-dose hypofractionated RT was not significantly better than after other treatment modalities: the
median PFS was 8 months and approximately 90% of
patients progressed within 3-year post-treatment. As our
enrolled patients might have had a higher propensity toward
IHP due to a history of multiple management strategies and
the presence of recurrent tumors, a direct comparison of PFS
outcomes between RT and other modalities was not possible.
For these unresectable, TACE-unresponsive, or refractory
HCC patients, active control of IHP after high-dose hypofractionated RT might be the most crucial task for improving
clinical outcomes. Adjuvant usage of sorafenib could be a
good option in this situation; theoretically, these two methods can complement each other for improved HCC management. The Radiation Therapy Oncology Group 1112 will
provide valuable information on this topic.
This study had several limitations. Most importantly, there
was an unavoidable selection bias due to the retrospective,
single institution design, which limits our ability to generalize our findings. In addition, the small number of cases
decreased the power of our finding that high-dose hypofractionated RT has a significant effect in treatment of unresectable HCC.

Conclusion
After long-term follow-up of patients who underwent
high-dose hypofractionated RT, the patients’ outcomes were
comparable to those of patients who received SABR in a
different study, indicating that high-dose hypofractionated

RT is a valuable alternative local modality for treatment of
unresectable, TACE-unresponsive, or refractory HCC. Biliary
complications associated with high-dose hypofractionated
RT were minimal and do not present a significant obstacle to
treatment plans. A randomized phase III study investigating
the efficacy and safety of high-dose RT in unresectable,
TACE-unresponsive, or refractory HCC is currently underway.
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Purpose
This study analyzed the outcomes of patients with resected extrahepatic bile duct cancer
(EHBDC) in order to clarify the role of adjuvant treatments in these patients.
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Materials and Methods
A total of 336 patients with EHBDC who underwent curative resection between 2001 and
2010 were analyzed retrospectively. The treatment types were as follows: surgery alone
(n=168), surgery with chemotherapy (CTx, n=90), surgery with radiotherapy (RT) alone
(n=29), and surgery with chemoradiotherapy (CRT, n=49).
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Results
The median follow-up period was 63 months. The 5-year rates of locoregional failure-free
survival (LRFFS), distant metastasis-free survival (DMFS), progression-free survival (PFS),
and overall survival (OS) for all patients were 56.5%, 59.7%, 36.6%, and 42.0%, respectively.
In multivariate analysis, surgery with RT and CRT was a significant prognostic factor for
LRFFS, and surgery with CTx was a significant prognostic factor for DMFS, and surgery with
CTx, RT, and CRT was a significant prognostic factor for PFS (p < 0.05). Surgery with CTx
and CRT showed association with superior OS (p < 0.05), and surgery with RT had marginal
significance (p=0.078). In multivariate analysis of the R1 resection patients, surgery with
CRT showed significant association with OS (p < 0.05).
Conclusion
Adjuvant RT and CTx may be helpful in improving clinical outcomes of patients with resected
EHBDC who have a high risk of disease recurrence, particularly R1 resection patients. Conduct of additional prospective, larger-scale studies will be required in order to confirm the
benefit of adjuvant RT and CTx in these patients.

Key words
Extrahepatic bile duct cancer, Cholangiocarcinoma,
Adjuvant radiotherapy, Drug therapy, Survival,
Biliary tract neoplasms
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Introduction
Complete surgical resection is considered the only curative
modality for extrahepatic bile duct cancer (EHBDC) [1]. The
prognosis after curative resection without adjuvant treatment is poor, with a reported 5-year survival rate of 12%54%, despite aggressive surgical procedures such as major
hepatectomy, pancreatoduodenectomy (Whipple’s procedure), and extensive lymphadenectomy [1-3]. Treatment failures included locoregional failures or distant relapses or
both, and adjuvant radiotherapy (RT) and chemotherapy
(CTx) are considered to increase the rate of survival by
improving locoregional disease and systemic control.
Due to its rarity, conduct of randomized controlled trials
for EHBDC is difficult [1,4]. Few randomized controlled trials evaluating adjuvant treatment have been reported, and
most reports are retrospective analyses. Therefore, the role
of adjuvant therapy in resected EHBDC remains controversial. Several reports suggested that adjuvant RT improved
survival [3,5-9]; however, others suggested that adjuvant RT
had no effect on survival [10,11]. Currently, there is no consensus regarding patient selection for adjuvant RT and/or
CTx.
The aim of the current study was to clarify the role of
adjuvant treatment for patients with resected EHBDC by
analyzing treatment outcomes, including overall survival
(OS) and identifying patterns of treatment failure, and prognostic factors.

Materials and Methods

the American Joint Committee on Cancer (AJCC) system.
Among the perihilar bile duct cancer patients, N2 patients
were not included in this study, according to the AJCC seventh edition. Tumor location was recorded as the perihilar
or distal bile duct. A perihilar duct tumor was defined
anatomically as being located in the extrahepatic biliary tree
proximal to the origin of the cystic duct. A distal bile duct
tumor was a tumor involving the common bile duct.
The routine procedure for patient evaluation included a
detailed history, physical examination, complete blood
count, liver function testing, carbohydrate antigen 19-9
(CA19-9) and carcinoembryonic antigen (CEA) levels, standard chest radiographs, endoscopic retrograde cholangiography or magnetic resonance cholangiopancreatography,
abdominal and pelvic computed tomography (CT), and magnetic resonance imaging (MRI) and/or positron emission
tomography–computed tomography (PET-CT). Biliary drainage was performed in patients with hyperbilirubinemia
(total bilirubin > 2 mg/dL) or cholangitis symptoms caused
by impending obstructive jaundice (i.e., fever, leukocytosis,
and abdominal pain).
Surgical resection procedures depended on primary tumor
location. Combined hepatic and hilar resection was performed for perihilar bile duct tumors and pylorus-preserving
pancreatoduodenectomy for distal bile duct tumors. Bile
duct resection alone was performed in patients with limited
tumor extent, old age, comorbidity, or poor liver function.
All patients underwent lymph node (LN) dissection, and 18
median LNs were removed.
All patients were followed-up at 1-month post-surgery
and then every 3-6 months. Patients were screened for CA199, CEA, and underwent a biliary CT scan. When recurrent
disease was suspected, a MRI or PET-CT was performed for
confirmation. Recurrence was also confirmed pathologically
by biopsy, cytology, and/or radiological findings.

1. Study design and patients
2. Adjuvant treatment
We conducted a retrospective review of the medical records of 382 patients with EHBDC adenocarcinoma who underwent curative surgical resection between January 2001 and
December 2010 at Severance Hospital or Gangnam Severance
Hospital in Seoul, Korea. The inclusion criteria were pathologically proven adenocarcinoma of EHBDC, no distant
metastasis, and an Eastern Cooperative Oncology Group performance status of # 2. Patients with carcinoma of the intrahepatic bile duct, gallbladder, or ampulla of Vater were
excluded from the study. Patients who experienced in-hospital death (n=24), were lost to follow up after discharge
(n=13), and those with other concurrent malignancy (n=9)
were also excluded. Data from the remaining 336 patients
were analyzed retrospectively.
Disease stage was defined according to the sixth edition of
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Adjuvant treatment was determined according to the
physician’s discretion. Adjuvant CTx alone, adjuvant RT
alone, or adjuvant concurrent chemoradiotherapy (CRT) was
administered according to the physician’s preference.
The chemotherapeutic regimen was determined based on
the experience with various regimens at our institution. A
median of six cycles of 5-fluorouracil (5-FU) with cisplatin
(FP)–based or gemcitabine-based CTx was administered to
patients with adjuvant CTx alone. FP consisted of 5-FU
administered at a dose of 1,000 mg/m2/day on days 1-3 and
cisplatin 70 mg/m2/day administered on day 1 every 4 weeks.
Gemcitabine was administered at 1,000 mg/m2 weekly.
Details of the patient profile for adjuvant RT have been
described previously [12]. All patients underwent three-

Jung Ho Im, Adjuvant Treatment for Extrahepatic Bile Duct Cancer

dimensional conformal RT, which was initiated 4-6 weeks
(median, 42 days) after resection. The clinical target volume
included the primary tumor bed with a 1- to 2-cm margin
and the regional lymphatics. The planning target volume
included the clinical target volume and a uniform 0.5-cm
margin. RT treated multiple fields using megavoltage photon
beams (6 or 10 MV) at 1.8 Gy daily for 5 days/wk. All treatment plans were determined individually, considering the
planning target volume and organs-at-risk (e.g., duodenum,
liver, and kidney). The median radiation dose was 50.4 Gy
(range, 41.4 to 54 Gy).
During RT, concomitant CTx was administered to patients
with CRT. Concomitant 5-FU–based or gemcitabine-based
CTx was administered according to the physician’s preference. Two cycles of 5-FU (1,000 mg/m2/day) and leucovorin
(20 mg/m2/day) were administered for 3 days in the first
and last week of RT. Gemcitabine was administered at 1,000
mg/m2/wk during RT.
3. Statistical analyses
Survival was calculated from the date of surgical resection.
All events were measured from the date of surgery to the
date of recurrence. Locoregional recurrence was defined as
recurrence in the primary tumor bed and regional lymphatic
areas. Distant metastasis was defined as recurrence in a systemic organ, the peritoneum, or distant LNs. Progressionfree survival (PFS) was the time from the date of surgical
resection until the first reported recurrence, or death. OS was
calculated from the date of surgical resection to the date of
death or the date of the last follow-up visit.
A chi-square test or Fisher exact test was used for comparison of categorical variables between groups. Survival rates
were calculated using Kaplan-Meier methods and compared
using the log-rank test. Multivariate analysis was performed
using a Cox proportional hazards model and hazard ratio
with a 95% confidence interval for determination of prognostic factors. Criteria for inclusion of variables in a multivariate
analysis included statistical significance in univariate analysis and clinical relevance. A p-value of < 0.05 indicated statistical significance.

Results
1. Patient characteristics
The characteristics of the 336 patients are summarized in
Table 1. Enrollment included 243 patients (72.3%) from Severance Hospital and 93 patients (27.7%) from Gangnam Sev-

erance Hospital. The median age was 64 years old (range, 32
to 90 years). The primary tumor location was the distal bile
duct in 227 patients and perihilar in 109 patients. Seventyeight patients underwent bile duct resection alone, 165 underwent pylorus-preserving pancreatoduodenectomy, and 93
underwent bile duct resection with liver resection. R0 resection was achieved in 251 patients (74.7%); R1 resection, in 67
patients (19.9%); and R2 resection, in 18 patients (5.4%).
Regional LN metastasis was found after LN dissection in 127
patients (37.8%). The patients were divided into four groups
according to the treatment types as follows: patients who
underwent surgery alone without adjuvant treatment
(surgery alone, n=168), surgery followed by adjuvant CTx
alone (surgery with CTx, n=90), surgery followed by adjuvant RT alone (surgery with RT, n=29), and surgery followed
by adjuvant CRT (surgery with CRT, n=49).
A comparison of the clinicopathological parameters
according to treatment type is provided in Table 1. In surgery
with CRT bile duct resection was performed more frequently, and R1 and R2 resection were more frequent in the
surgery with RT and CRT. Lymphovascular invasion and
advanced stage LN positive cancers were more frequent in
the surgery with CTx group compared with the other groups.
Positive perineural invasion (PNI) was more frequent in the
surgery with CTx, RT, and surgery with CRT groups compared with the surgery alone group II. The highest number
of stage IIA patients underwent surgery alone, while the
highest number of stage IIB patients underwent surgery with
CTx. Other clinicopathological characteristics were not significantly different between the treatment groups.
2. Survival
The median follow-up period was 63 months (range, 3 to
155 months). Of the 336 patients, 137 (40.8%) survived at least
until the end of the follow-up period. The median OS was 46
months. The 5-year locoregional failure-free survival (LRFFS),
distant metastasis-free survival (DMFS), PFS, and OS rates
were 56.5%, 59.7%, 36.6%, and 42.0%, respectively.
3. Prognostic factors
Results of univariate analysis are summarized in Table 2,
which showed that preoperative and postoperative CA19-9
level, resection margin, histological grade, PNI, nodal status,
and overall stage were prognostic factors for LRFFS, DMFS,
PFS, and OS (p < 0.05). Tumor location, lymphovascular
invasion, and T stage showed significant association with
DMFS, PFS, and OS (p < 0.05).
Results of multivariate analysis are summarized in
Table 3. In multivariate analysis, postoperative CA19-9 level
of at least 37 U/mL, histological grade, and nodal status
VOLUME 48 NUMBER 2 APRIL 2016
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Table 1. Patient characteristics of all patients and comparison of subgroups (treatment type) using the chi-square test or
Fisher exact test
Characteristic
Age (yr)
# 60
> 60
Sex
Male
Female
ECOG performance status
0-1
2
Tumor location
Perihilar bile duct
Distal bile duct
Preoperative CA19-9 (U/mL)
< 37
" 37
Postoperative CA19-9 (U/mL)
< 37
" 37
Preoperative CEA (ng/mL)
<5
"5
Surgical procedure
Bile duct resection
PPPD
Liver lobectomy with bile duct resection
Resection margin
R0
R1
R2
Histologic grade
WD/MD
PD
Lymphovascular invasion
No
Yes
Perineural invasion
No
Yes
T stage
T1-2
T3-4
N stage
N0
N1
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Total
(n=336)

Surgery alone Surgery with Surgery with Surgery with
(n=168)
CTx (n=90)
RT (n=29)
CRT (n=49)

p-value

124 (36.9)
212 (63.1)

56 (33.3)
112 (66.7)

41 (45.6)
49 (54.4)

9 (31.0)
20 (69.0)

18 (36.7)
31 (63.3)

0.236

216 (64.3)
120 (35.7)

118 (70.2)
50 (29.8)

51 (56.7)
39 (43.3)

16 (55.2)
13 (44.8)

31 (63.3)
18 (36.7)

0.115

323 (96.1)
13 (3.9)

163 (97.0)
5 (3.0)

87 (96.7)
3 (3.3)

28 (96.6)
1 (3.4)

45 (91.8)
4 (8.2)

0.406

109 (32.4)
227 (67.6)

55 (32.7)
113 (67.3)

24 (26.7)
66 (73.3)

13 (44.8)
16 (55.2)

17 (34.7)
32 (65.3)

0.318

105 (31.3)
231 (68.8)

61 (36.3)
107 (63.7)

22 (24.4)
68 (75.6)

9 (31.0)
20 (69.0)

13 (26.5)
36 (73.5)

0.217

281 (83.6)
55 (16.4)

143 (85.1)
25 (14.9)

75 (83.3)
15 (16.7)

21 (72.4)
8 (27.6)

42 (85.7)
7 (14.3)

0.377

297 (88.4)
39 (11.6)

153 (91.1)
15 (8.9)

74 (82.2)
16 (17.8)

27 (93.1)
2 (6.9)

43 (87.8)
6 (12.2)

0.160

78 (23.2)
165 (49.1)
93 (27.7)

32 (19.0)
85 (50.6)
51 (30.4)

11 (12.2)
54 (60.0)
25 (27.8)

10 (34.5)
10 (34.5)
9 (31.0)

25 (51.0)
16 (32.7)
8 (16.3)

< 0.001

251 (74.7)
67 (19.9)
18 (5.4)

145 (86.3)
22 (13.1)
1 (0.6)

77 (85.6)
12 (13.3)
1 (1.1)

10 (34.5)
13 (44.8)
6 (20.7)

19 (38.8)
20 (40.8)
10 (20.4)

< 0.001

284 (84.5)
52 (15.5)

142 (84.5)
26 (15.5)

75 (83.3)
15 (16.7)

24 (82.8)
5 (17.2)

43 (87.8)
6 (12.2)

0.906

256 (76.2)
80 (23.8)

135 (80.4)
33 (19.6)

57 (63.3)
33 (36.7)

23 (79.3)
6 (20.7)

41 (83.7)
8 (16.3)

0.009

120 (35.7)
216 (64.3)

75 (44.6)
93 (55.4)

21 (23.3)
69 (76.7)

10 (34.5)
19 (65.5)

14 (28.6)
35 (71.4)

0.005

150 (44.6)
186 (55.4)

76 (45.2)
92 (54.8)

34 (37.8)
56 (62.2)

14 (48.3)
15 (51.7)

26 (53.1)
23 (46.9)

0.348

209 (62.2)
127 (37.8)

128 (76.2)
40 (23.8)

36 (40.0)
54 (60.0)

17 (58.6)
12 (41.4)

28 (57.1)
21 (42.9)

< 0.001
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Table 1. Continued
Characteristic
Stage
I
IIA
IIB
III

Total
(n=336)
105 (31.3)
90 (26.8)
108 (32.1)
33 (9.8)

Surgery alone Surgery with Surgery with Surgery with
(n=168)
CTx (n=90)
RT (n=29)
CRT (n=49)
64 (38.1)
60 (35.7)
30 (17.9)
14 (8.3)

13 (14.4)
17 (18.9)
50 (55.6)
10 (11.1)

10 (34.5)
5 (17.2)
9 (31.0)
5 (17.2)

18 (36.7)
8 (16.3)
19 (38.8)
4 (8.2)

p-value

< 0.001

Values are presented as number (%). The p-value was calculated between the four groups by chi-square test or Fisher exact
test. CTx, chemotherapy; RT, radiotherapy; CRT, concurrent chemoradiotherapy; ECOG, Eastern Cooperative Oncology
Group; CA, carbohydrate antigen; CEA, carcinoembryonic antigen; PPPD, pylorus preserving pancreaticoduodenectomy;
WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated.

showed significant association with LRFFS, DMFS, PFS, and
OS (p < 0.05). Preoperative CA19-9 level of at least 37 U/mL
showed significant association with DMFS, PFS, and OS
(p < 0.05). R2 resection was a significant prognostic factor for
LRFFS, PFS, and OS (p < 0.05), and R1 resection showed significant association with OS (p < 0.05). Lymphovascular
invasion showed significant association with DMFS and PFS.
Surgery with CTx was a significant prognostic factor for
DMFS, PFS, and OS, and surgery with RT was a significant
prognostic factor for LRFFS and PFS (p < 0.05). Surgery with
CRT showed significant association with LRFFS, PFS, and OS
(p < 0.05). Surgery with RT showed a marginal association
with OS (p=0.078), and surgery with CRT showed correlation
with superior systemic control with marginal significance
(p = 0.078).
4. Patterns of failure
The site of recurrence was evaluated in all patients over
the entire follow-up period (Table 4). Locoregional failure
occurred in 149 patients (44.3%) and distant metastasis
occurred in 162 patients (48.2%), of whom 103 had both
locoregional recurrence and distant metastasis. Locoregional
recurrence was the first event in 131 patients (39.0%) and distant relapse occurred first in 121 patients (36.0%). The liver
was the most common site of primary metastatic recurrence
(61 patients). Distant failures occurred first at the peritoneal
cavity in 46 patients.
Patterns of failure were also analyzed in terms of the treatment type. In the first and cumulative recurrence, surgery
with RT and CRT reduced the locoregional recurrence rate
with greater marginal significance than surgery alone and
surgery with CTx. In the first recurrence, the distant failure
rate of surgery with CTx and CRT was similar to that of surgery alone, but showed reduced systemic progression with
marginal significance compared to surgery with RT (p=0.058).

The cumulative incidence of distant failure was similar
between all groups regardless of treatment type. In patients
with perihilar bile duct cancers, surgery with RT and CRT
reduced locoregional failure (p < 0.05).
5. Subgroup analysis of the R1 resection patients
The first site of relapse was evaluated in R1 resection
patients (Table 4). Locoregional failure occurred in 25 patients (37.3%) and distant metastasis in 30 patients (44.8%).
Surgery with RT and CRT reduced the locoregional failure
rate compared with surgery alone and surgery with CTx
(p < 0.05), and surgery with CTx and CRT reduced the distant recurrence rate compared with surgery alone and surgery with RT (p < 0.05).
In the univariate analysis, LRFFS, DMFS, PFS, and OS
differed according to treatment types (Figs. 1-3). In multivariate analysis, surgery with RT and CRT showed significant association with improved LRFFS and surgery with CTx
and CRT showed significant association with lengthened
DMFS (p < 0.05) (Table 5). Surgery with CRT was the significant factor for OS (p < 0.05).

Discussion
A total of 336 patients with EHBDC who underwent curative resection were analyzed retrospectively. Although treatment type was not a significant factor for PFS and OS in
univariate analysis, in multivariate analysis, surgery with
CTx had a significant positive impact on DMFS, PFS, and OS,
and surgery with CRT prolonged LRFFS, PFS, and OS.
Although the benefit of OS had borderline significance, surgery with RT had LRFFS and PFS benefits. In the subgroup
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Table 2. Univariate analysis of prognostic factors of LRFFS, DMFS, PFS, and OS
Prognostic factor
Age (yr)
# 60
> 60
Sex
Male
Female
Tumor location
Perihilar bile duct
Distal bile duct
Preoperative CA19-9 (U/mL)
< 37
" 37
Postoperative CA19-9 (U/mL)
< 37
" 37
Preoperative CEA (ng/mL)
<5
"5
Resection margin
R0
R1
R2
Histologic grade
WD/MD
PD
Lymphovascular invasion
No
Yes
Perineural invasion
No
Yes
T stage
T1-2
T3-4
N stage
N0
N1
Stage
I
IIA
IIB
III
Treatment type
Surgery alone
Surgery with CTx
Surgery with RT
Surgery with CRT

No. of patients

5-Yr survival rate (%)
LRFFS

p-value

DMFS

p-value

PFS

p-value

OS

p-value

124
212

56.9
56.3

0.947

62.5
57.9

0.564

39.0
35.1

0.587

44.8
40.4

0.341

216
120

58.0
54.3

0.701

60.0
59.1

0.750

38.3
33.7

0.512

42.5
41.5

0.897

109
227

50.3
59.3

0.057

45.7
65.8

0.002

25.3
41.7

0.001

28.9
47.9

< 0.001

105
231

64.1
53.1

0.02

76.9
51.3

< 0.001

53.5
28.9

< 0.001

55.4
35.9

< 0.001

281
55

61.7
24.7

< 0.001

65.1
28.8

< 0.001

43.2
3.8

< 0.001

48.1
11.4

< 0.001

297
39

57.4
49.1

0.392

59.7
60.4

0.689

37.6
27.8

0.151

42.9
35.4

0.364

251
67
18

61.0
51.7
8.9

< 0.001

64.6
48.6
29.0

0.018

41.6
24.8
5.6

0.004

47.1
29.5
11.9

0.001

284
52

58.9
43.4

0.002

63.0
40.3

< 0.001

38.8
24.8

< 0.001

44.6
27.9

< 0.001

256
80

59.1
47.2

0.05

64.8
43.3

< 0.001

42.2
19.3

< 0.001

48.2
23.3

< 0.001

120
216

65.6
50.6

0.016

67.4
55.8

0.006

48.0
30.3

< 0.001

55.3
34.6

< 0.001

150
186

60.0
53.8

0.120

66.8
53.9

0.003

41.8
32.5

0.009

49.2
36.3

0.004

209
127

61.8
47.6

0.001

67.5
46.1

< 0.001

45.6
22.0

< 0.001

51.8
26.5

< 0.001

105
90
108
33

63.2
62.3
48.6
43.1

0.008

74.0
61.2
46.8
50.0

0.001

49.8
43.4
21.4
26.9

< 0.001

57.1
49.1
26.3
30.2

< 0.001

168
90
29
49

57.5
48.0
66.7
64.2

0.139

60.9
65.8
35.2
59.6

0.056

39.1
30.5
30.3
44.0

0.346

43.2
37.9
42.9
47.6

0.596

LRFFS, locoregional failure-free survival; DMFS, distant metastasis-free survival; PFS, progression-free survival; OS, overall
survival; CA, carbohydrate antigen; CEA, carcinoembryonic antigen; WD, well differentiated; MD, moderately differentiated;
PD, poorly differentiated; CTx, chemotherapy; RT, radiotherapy; CRT, concurrent chemoradiotherapy.
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1(
0.361 (0.220-0.592)
1.119 (0.619-2.022)
0.581 (0.317-1.064)

1(
0.841 (0.550-1.284)
0.252 (0.108-0.588)
0.245 (0.116-0.517)
0.423
0.001
< 0.001

1.229 (0.774-1.952)
1.400 (0.643-3.050)
3.390 (2.153-5.340)
1.893 (1.223-2.930)
1.251 (0.796-1.966)
1.334 (0.898-1.982)
1.827 (1.220-2.737)

1.450 (0.895-2.348)
0.131
8.748 (4.046-18.917) < 0.001
2.238 (1.420-3.527)
0.001
0.939 (0.609-1.447)
0.774
1.239 (0.817-1.880)
0.313
1.051 (0.727-1.520)
0.792
1.618 (1.081-2.423)
0.019

HR (95% CI)
1.103 (0.735-1.655)
2.374 (1.459-3.863)
2.158 (1.385-3.361)

p-value

DMFS
0.574
0.171
< 0.001

1.120 (0.755-1.659)
1.340 (0.881-2.038)
2.140 (1.374-3.334)

HR (95% CI)

LRFFS

< 0.001
0.710
0.078

0.383
0.397
< 0.001
0.004
0.332
0.154
0.003

0.637
0.001
0.001

p-value

1(
0.616 (0.434-0.875)
0.574 (0.334-0.988)
0.409 (0.244-0.686)

1.288 (0.891-1.863)
2.616 (1.389-4.927)
2.609 (1.799-3.783)
1.457 (1.042-2.038)
1.185 (0.845-1.660)
1.057 (0.786-1.422)
1.886 (1.377-2.583)

1.089 (0.799-1.484)
1.915 (1.351-2.713)
2.451 (1.730-3.472)

HR (95% CI)

PFS

0.007
0.045
0.001

0.178
0.003
< 0.001
0.028
0.325
0.712
< 0.001

0.591
< 0.001
< 0.001

p-value

1(
0.622 (0.437-0.886)
0.587 (0.324-1.062)
0.462 (0.277-0.772)

1.492 (1.022-2.178)
2.570 (1.382-4.778)
2.818 (1.950-4.072)
1.385 (0.985-1.948)
1.245 (0.879-1.620)
1.193 (0.879-1.620)
1.806 (1.305-2.500)

1.261 (0.916-1.735)
1.620 (1.134-2.313)
2.097 (1.453-3.027)

HR (95% CI)

OS

0.008
0.078
0.003

0.038
0.003
< 0.001
0.061
0.214
0.257
< 0.001

0.155
0.008
< 0.001

p-value

LRFFS, locoregional failure-free survival; DMFS, distant metastasis-free survival; PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; CA, carbohydrate antigen; PD, poorly differentiated; CTx, chemotherapy; RT, radiotherapy; CRT, concurrent chemoradiotherapy.

Tumor location (perihilar bile duct)
Preoperative CA19-9 (! 37 U/mL)
Postoperative CA19-9 (! 37 U/mL)
Resection margin
R1
R2
Histologic grade (PD)
Lymphovascular invasion (positive)
Perineural invasion (positive)
T stage (T3-4)
N stage (N1)
Treatment type
Surgery alone
Surgery with CTx
Surgery with RT
Surgery with CRT

Variable

Table 3. Multivariate analysis of prognostic factors regarding LRFFS, DMFS, PFS, and OS

Jung Ho Im, Adjuvant Treatment for Extrahepatic Bile Duct Cancer
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LRF (n=149)
DF (n=162)
LRF+DF (n=103)

LRF (n=47)
DF (n=50)
LRF (n=84)
DF (n=71)

LRF (n=25)
DF (n=30)
LRF (n=15)
DF (n=10)

LRF (n=60)
DF (n=59)

LRF (n=131)
DF (n=121)
LRF+DF (n=44)

Patterns of failure

75/168 (44.6)
78/168 (46.4)
53/168 (31.5)

23/55 (41.8)
25/55 (45.5)
42/113 (37.2)
34/113 (30.1)

13/22 (59.1)
16/22 (72.7)
1/1 (100)
0/1 (0.0)

22/40 (55.0)
21/40 (52.5)

65/168 (38.7)
59/168 (35.1)
24/168 (14.3)

Surgery alone

48/90 (53.3)
47/90 (52.2)
31/90 (34.4)

16/24 (66.7)
9/24 (37.5)
28/66 (42.4)
19/66 (28.8)

7/12 (58.3)
3/12 (25.0)
1/1 (100)
0/1 (0.0)

29/54 (53.7)
18/54 (33.3)

44/90 (48.9)
28/90 (31.1)
8/90 (8.9)

Surgery with CTx

9/29 (31.0)
17/29 (58.6)
7/29 (24.1)

4/13 (30.8)
8/13 (61.5)
4/16 (25.0)
9/16 (56.2)

2/13 (15.4)
6/13 (46.2)
4/6 (66.7)
4/6 (66.7)

3/12 (25.0)
10/12 (83.3)

8/29 (27.6)
17/29 (58.6)
6/29 (20.7)

Surgery with RT

17/49 (34.7)
20/49 (40.8)
12/49 (24.5)

4/17 (23.5)
8/17 (47.1)
10/32 (31.2)
9/32 (28.1)

3/20 (15.0)
5/20 (25.0)
9/10 (90.0)
6/10 (60.0)

6/21 (28.6)
10/21 (47.6)

14/49 (28.6)
17/49 (34.7)
6/49 (12.2)

Surgery with CRT

0.076
0.373
-

0.030
0.577
0.517
0.168

0.003
0.007
-

0.066
0.012

0.057
0.058
-

p-value

Values are presented as number (%). The p-value was calculated by chi-square test. CTx, chemotherapy; RT, radiotherapy; CRT, concurrent chemoradiotherapy;
LN, lymph node; LRF, locoregional failure; DF, distant failure.

Cumulative recurrence
Total
All (n=336)

Distal (n=227)

Tumor location
Perihilar (n=109)

R2 (n=18)

Resection margin
R1 (n=67)

N stage
LN (+) (n=127)

First recurrence
Total
All (n=336)

Variable

Table 4. Patterns of first and cumulative recurrence over the entire follow-up period and the distribution of pattern of failures according to treatment type
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Fig. 1. Comparison of survival curves according to treatment type in patients with R1 resection. CRT, chemoradiotherapy;
RT, radiotherapy; CTx, chemotherapy.

analyses of the R1 resection patients, the OS rates improved
significantly in the surgery with CRT group compared with
that in the other groups, suggesting that CRT has a greater
clinical benefit for these patients than for the other groups.
Patients with EHBDC who undergo curative resection
alone with 5-year OS rates < 55% have poor prognosis [1-3].
The locoregional recurrence and distant metastasis rates for
resected EHBDC have been reported as 38%-55% and 23%45% [3,13-15], similar to those reported here. With such high
rates after curative resection, adjuvant local and systemic

treatment should be considered in patients with EHBDC.
Our findings showed that adjuvants RT and/or CTx could
reduce the high incidence of recurrence and improve survival rates, especially for patients with R1 resection. Therefore, patients with resected EHBDC with a high risk of
locoregional recurrence or distant metastasis, including R1
resection, would benefit from adjuvant treatment.
Locoregional recurrence can cause bile duct obstruction,
hepatic failure, recurrent sepsis, and subsequent mortality.
Despite conflicting results on the utility of adjuvant RT in
VOLUME 48 NUMBER 2 APRIL 2016
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Fig. 2. Combined comparison of survival curves according to treatment type (surgery alone and surgery with chemotherapy
vs. surgery with radiotherapy [RT] and surgery with chemoradiotherapy) in patients with R1 resection.

patients with EHBDC, several retrospective studies have
suggested an improvement in locoregional control and survival [3,5-9]. In the current study, in patients undergoing
adjuvant RT or CRT, the first recurrence event was locoregional in eight patients (27.6%) and 14 patients (28.6%),
respectively, similar to that reported in other studies (17%24%) [3,5,7,8,16,17]. The current study found that LRFFS and
OS rates in the surgery with CRT group were significantly
better than those in the surgery alone group, suggesting that
adjuvant RT may increase OS by improving locoregional dis-
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ease control.
To date a substantial survival benefit of CTx in patients
with resected cholangiocarcinoma has not been demonstrated [1]. However, in a randomized trial conducted by
Takada et al. [18], patients who received CTx following curative resection tended to have better OS rates than patients
who did not receive CTx (41% vs. 28%), although the difference was not significant. In addition, Murakami et al. [2]
found that adjuvant CTx might improve the OS of patients
with extrahepatic cholangiocarcinoma with PNI. Lim et al.

Jung Ho Im, Adjuvant Treatment for Extrahepatic Bile Duct Cancer
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Fig. 3. Combined comparison of survival curves according to treatment type (surgery alone and surgery with radiotherapy
vs. surgery with chemotherapy [CTx] and surgery with chemoradiotherapy) in patients with R1 resection.

[19] found that adjuvant CRT followed by adjuvant CTx prolonged OS compared with CRT alone in patients with curatively resected EHBDC. These results suggested that
adjuvant CTx might have partial benefit in treatment of
EHBDC by controlling microscopic residual tumor growth.
One limitation of this research is that when adjuvant treatment was administered, it could not be confirmed which
treatment, among adjuvant CTx, adjuvant RT, and adjuvant
CRT, had a greater benefit. In the case of adjuvant RT, there
were only 29 patients, thus the interpretation of the results

was limited; however, although adjuvant RT reduced the
locoregional recurrence, the distant relapse rate showed a
relatively increase, thus it is considered to have shown marginal significance in OS benefit. In the case of adjuvant CTx,
the locoregional relapse was higher than in adjuvant RT or
CRT. It is interpreted that this eventually caused distant failure, so that the cumulative distant recurrence rate became
similar to that of the other treatment groups. Although the
evidence presented herein was insufficient, simultaneous
performance of adjuvant RT and CT is considered capable of
VOLUME 48 NUMBER 2 APRIL 2016
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1
0.691 (0.222-2.149)
0.113 (0.023-0.567)
0.112 (0.029-0.433)

0.524
0.008
0.001

0.002
0.257
0.013
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LRFFS, locoregional failure-free survival; DMFS, distant metastasis-free survival; PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; CA, carbohydrate antigen; PD, poorly differentiated; CTx, chemotherapy; RT, radiotherapy; CRT, concurrent chemoradiotherapy.

0.102
0.068
0.011
1
0.460 (0.181-1.167)
0.354 (0.116-1.082)
0.301 (0.119-0.762)
0.035
0.017
0.001

0.542
0.084
0.010
0.449
0.026
0.858
0.777

1
0.123 (0.032-0.471)
0.517 (0.166-1.616)
0.241 (0.079-0.737)

1
0.378 (0.153-0.933)
0.301 (0.112-0.808)
0.214 (0.087-0.526)

HR (95% CI)

1.310 (0.549-3.124)
1.893 (0.918-3.902)
4.961 (1.464-16.810)
1.316 (0.646-2.683)
3.987 (1.180-13.472)
0.932 (0.434-2.002)
1.109 (0.543-2.265)
0.103
0.236
0.088
0.031
0.483
0.259
0.840

p-value
HR (95% CI)

0.378
0.504
0.040
0.030
0.213
0.634
0.544

2.029 (0.867-4.745)
1.523 (0.760-3.052)
2.515 (0.872-7.258)
2.136 (1.070-4.265)
1.434 (0.523-3.932)
0.666 (0.329-1.349)
0.928 (0.450-1.914)

p-value
HR (95% CI)

1.618 (0.555-4.715)
1.326 (0.580-3.013)
3.384 (1.059-10.812)
2.600 (1.097-6.161)
2.237 (0.630-7.940)
0.802 (0.323-1.989)
1.304 (0.553-3.074)
0.710
0.543
0.947
0.736
0.454
0.392
0.189

p-value
HR (95% CI)

1.238 (0.403-3.800)
1.396 (0.477-4.084)
0.945 (0.175-5.102)
0.850 (0.331-2.184)
1.656 (0.443-6.190)
0.659 (0.254-1.711)
0.507 (0.184-1.399)

PFS
DMFS
LRFFS

Variable

Table 5. Multivariate analysis of LFFRS, DMFS, PFS, and OS for R1 patients
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Preoperative CA19-9 (! 37 U/mL)
Postoperative CA19-9 (! 37 U/mL)
Histologic grade (PD)
Lymphovascular invasion (positive)
Perineural invasion (positive)
T stage (T3-4)
N stage (N1)
Treatment type
Surgery alone
Surgery with CTx
Surgery with RT
Surgery with CRT

OS

p-value
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also simultaneously reducing locoregional relapse and systemic failure. Particularly in the case of the patient who
underwent R1 resection, adjuvant CRT actually caused
simultaneous reduction of the locoregional relapse and the
systemic recurrence. Accordingly, simultaneous adjuvant RT
and CTx could have a benefit in slowing disease progression.
The completeness of surgical resection and whether or not
regional LN metastasis is present are the most important
prognostic factors for determining survival in patients
undergoing curative resection [2,3,6-8,13,14,16]. Likewise, we
also found that resection margin and N stage were significant
prognostic factors for OS. In the current and other studies
higher T stage, poorly differentiated tumor, lymphovascular
invasion positive, PNI positivity, and pre and postoperative
CA19-9 level of at least 37 U/mL have been identified as
prognostic factors [2,3,8,12-15,17]. Adjuvant RT and/or CTx
seems to improve the outcome of patients with one or many
of these risk factors.
There are some limitations to our study. The study was
nonrandomized and retrospective in nature, and unrecognized biases could not be considered. Prognostic factors, such
as stage and resection margin, did not show equal distribution between the treatment groups. The selection of treatment methods was based on physician decision. The RT
volume and radiation dose, and the CTx regimen were also
determined according to the physician’s preference. Therefore, heterogeneous treatments might be a confounding factor.

Conclusion
Adjuvant treatments were important prognostic factors
after curative resection of EHBDC. Adjuvant RT and CTx
may reduce locoregional recurrence and distant metastasis,
consequently improving survival. Therefore, we recommend
adjuvant RT and CTx for patients with EHBDC at high risk
for recurrence. However, further randomized prospective
studies are needed to clarify the role of adjuvant treatment
in patients with EHBDC treated with curative resection.
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Appendiceal Neuroendocrine, Goblet and Signet-Ring Cell Tumors:
A Spectrum of Diseases with Different Patterns of Presentation and
Outcome
Purpose
Appendiceal tumors are a heterogeneous group of diseases that include typical neuroendocrine tumors (TNET), goblet cell carcinoids (GCC), and atypical GCC. Atypical GCC are classified into signet-ring cell cancers (SRCC) and poorly differentiated appendiceal
adenocarcinoids. The prognosis and management of these diseases is unclear because
there are no prospective studies. The aim of this study is to assess the characteristics and
outcome of appendiceal TNET, GCC, and SRCC patients.
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Materials and Methods
Appendiceal TNET, GCC, and SRCC patients diagnosed between 1973 and 2011 were identified in the Surveillance Epidemiology and End Results (SEER) database. Demographics,
type of surgery, and clinicopathologic characteristics were collected. Survival functions were
estimated by the Kaplan-Meier method, and log-rank test was used to assess the difference
in overall survival (OS) among the three histologies.
Results
The SEER database yielded 1,021 TNET patients, 1,582 with GCC, and 534 SRCC patients.
TNET presented at a younger age (p < 0.001). Patients with SRCC presented with advanced
stage disease (p < 0.001). The median OS (mOS) for GCC and TNET patients was not
reached; mOS for SRCC was 24 months. Multivariate analysis stratified for stage revealed
significantly longer survival for TNET and GCC than SRCC (p < 0.001).
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Conclusion
This is the largest report to date for appendiceal neuroendocrine tumor patients, suggesting
a spectrum of diseases with different characteristics and outcomes. In this report, we present a treatment approach for this complex spectrum of disease, based on the experience
of Ohio State and Emory Universities investigators.
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Introduction
Neuroendocrine tumors (NET) are the most common neoplasms of the appendix. These tumors are classified as typical
NET (TNET), goblet cell carcinoid (GCC), and atypical GCC
histologies. Atypical GCC is defined in the literature as
mixed adenoneuroendocrine carcinomas. Ex-goblet or composite-goblet are further classified into signet ring cell carcinoid (SRCC) and poorly differentiated adenocarcinoid of the
appendix [1]. Nomenclature and classification of disease are
undecided. Appendiceal GCCs are rare tumors constituting
2.5%-5% of all primary appendiceal neoplasms. These
tumors have a distinctive morphology showing tight clusters
of cells with compact nuclei and abundant intracytoplasmic
mucin resembling goblet or signet ring cells often with
admixed enterochromaffin cells [2]. Pathologic features of
GCC include presence of large mucin filled cells with crescent nuclei arranged in small clumps or rosettes mixed with
cells of typical carcinoid appearance that stain positive for
chromogranin A [3]. The outcome of appendiceal NET is
influenced by the histologic features of the disease. Patients
with TNET have a 5-year survival ranging from 60% to 84%
[4,5], with the most common site of metastasis being the liver.
On the other hand, atypical GCC have a more aggressive
clinical course with an increased incidence of lymph node

and distant metastases, along with a lower 5-year survival
ranging from 36% to 56% [5-7]. Current management of GCC
and atypical GCC is based on very limited data from small
single institutional experiences.
The rarity of appendiceal NET, GCC, and SRCC limits the
ability to conduct appropriate randomized clinical trials to
explore the optimal management. To assess the role of clinicopathologic features in survival of NET, GCC, and SRCC
patients, the outcome of cases reported to the National Cancer Institute’s Surveillance Epidemiology and End Results
(SEER) program was evaluated. Furthermore, to characterize
the management of NET, GCC, and SRCC, a treatment strategy based on results of current analysis, published literature
and institutional experience is suggested.

Materials and Methods
1. Patients
SEER data collected between 1973 and 2011 was used to
identify cases with appendiceal TNET, GCC, and SRCC. The
SEER registry data collection began in the early 1970s and
gradually expanded from the original nine to the current 18

Table 1. SEER data patient characteristics for TNET, GCC, and SRCC appendiceal tumors
Characteristic
Age (yr)
Race
White
Black
Other
Missing
Sex
Female
Male
Stage
Localized
Regional
Distant
Missing
Surgery
Yes
No
Missing

TNET (n=1,021)

GCC (n=1,582)

41 (9-89)

54.5 (10-99)

SRCC (n=534)
57 (25-90)

p-valuea)
< 0.001

812 (79.5)
77 (7.5)
114 (11.2)
18 (1.8)

1,300 (82.2)
133 (8.4)
138 (8.7)
11 (0.7)

425 (79.6)
42 (7.8)
65 (12.2)
2 (0.4)

0.11

676 (66.2)
345 (33.8)

768 (48.5)
814 (51.5)

328 (61.4)
206 (38.6)

< 0.001

578 (56.6)
300 (29.4)
102 (10)
41 (4)

927 (58.6)
408 (25.8)
219 (14.1)
28 (1.8)

90 (16.8)
116 (21.7)
321 (60.1)
7 (1.3)

< 0.001

854 (83.6)
67 (11.6)
100 (9.8)

1,382 (87.3)
82 (5.2)
118 (7.4)

420 (78.6)
9 (1.7)
105 (19.7)

< 0.001

Values are presented as median (range) or number (%). SEER, Surveillance Epidemiology and End Results; TNET, typical
neuroendocrine tumor; GCC, goblet cell carcinoid; SRCC, signet-ring cell cancer. a)p-value is calculated by Kruskal-Wallis test
for age; chi-square test for race.
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Table 2. Summary of the type of surgery done for each histology at different stages for appendiceal TNET, GCC, and SRCC
Type of surgery
Localized
Appendectomy
Right hemicolectomy
Surgery NOS
Regional
Appendectomy
Right hemicolectomy
Surgery NOS
Distant
Debulking surgery

TNET

GCC

510 (
40 (7.8)
256 (50.2)
214 (43)
273 (
7 (2.6)
193 (70.7)
73 (26.7)
71 (

SRCC

845 (
42 (5)
753 (87)
50 (5.9)
375 (
10 (2.7)
352 (93.9)
13 (3.5)

81 (
3 (3.7)
73 (90.1)
5 (6.2)
108 (
2 (1.8)
105 (97.2)
1 (0.9)

162 (

231 (

Values are presented as number (%). TNET, typical neuroendocrine tumor; GCC, goblet cell carcinoid; SRCC, signet-ring cell
cancer; NOS, not otherwise specified.

registries that now account for over a quarter of the United
States population [6].
Eligibility criteria included International Classification of
Diseases for Oncology third edition (ICD-O-3) codes for primary site of appendix and histologic types of TNET (8240,
8241, 8242, 8246, and 8270), GCC (8243, 8244, 8245, and 8249),
and SRCC (8490). Information regarding age at diagnosis,
sex, race, year of diagnosis, grade, histology, tumor location,
type of surgery, vital status and duration of follow-up, was
extracted from the SEER database.
2. Statistical analysis
The patients’ characteristics were compared among three
histologic types: TNET, GCC, and SRCC by chi-square test
for race, sex, and stage, and Kruskal-Wallis test for age. Survival functions were estimated by the Kaplan-Meier method
and log-rank test was used to assess the difference in overall
survival (OS) between three histologic types: TNET, GCC,
and SRCC [8]. Univariate survival analysis for each covariate
was carried out using the Cox proportional hazards model
[9]. The proportional hazard assumption was checked. The
multivariate survival analysis of histology was conducted
after adjusting for age, race, and sex using a backward variable selection method with an alpha level of removal of 0.1.
The model was stratified by stage since there was an interaction effect between histology and stage on OS. The SAS
ver. 9.3 (SAS Institute Inc., Cary, NC) was used for data
analyses. Null hypotheses of no difference were rejected if
p-values were less than 0.05, or, equivalently, if the 95% confidence intervals (CIs) of risk point estimates excluded 1.
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Results
1. Characteristics of patients with TNET, GCC, and SRCC
The SEER database yielded 1,021 TNET patients, 1,582
with GCC, and 534 SRCC patients. Between 1973 and 2011,
the incidence of TNET, GCC, and SRCC increased. In 2011,
the incidence of TNET reached 6.7, GCC was 0.3, and
SRCC was two patients per 100,000 persons. Baseline characteristics are compared between appendiceal TNET, GCC,
and SRCC in Table 1. Significant differences in age at presentation (p < 0.001), sex distribution (p < 0.001), surgery
(p < 0.001), type of surgery (appendectomy, right hemicolectomy, and surgery not otherwise specified) (p < 0.001), and
stage (p < 0.001) were observed between the TNET, GCC,
and SRCC. TNET patients presented younger (median age
of 41 vs. 54.5 in GCC and 57 years in SRCC). Female patients
constituted a higher proportion among TNET cases (66.2%
vs. 61.4% of SRCC and 48.5% of GCC). Advanced stage disease was more common in SRCC patients (60.9% vs. 14.1%
in TNET and 10.4% in GCC). A higher proportion of white
patients was observed in all three histologies, but the difference was not statistically significant (p=0.11).
Surgery was performed in 839 (82.6%) of the TNET
patients, 1,365 (86.4%) of the GCC, and 419 (78.6%) of the
SRCC patients, and these differences were statistically significant (p < 0.001). Appendectomy was performed in 52 of
patients with TNET (5.9%) as compared to 54 of the GCC
(3.9%), and 9 of the SRCC (2.1%). Right hemicolectomy was
performed in 484 of the TNET (54.9%), 1,208 of the GCC
(86.4%), and 301 of the SRCC patients (70.7%). The differences in type of surgery were significantly different among
the three histologies (p < 0.001). Table 2 summarizes the type
of surgery based on histology and stage.

Walid Shaib, Appendiceal Neuroendocrine Tumors

Table 3. Univariate and multivariate analysis showing differences in histology, race, sex, age, and stage
Covariate
Histology
GCC
TNET
SRCC
Race
African American
Caucasian
Other
Sex
Female
Male
Age
Stage
Localized
Regional
Distant
Surgery typec)
Appendectomy
Hemicolectomy
Surgery NOS

Univariate analysis

Multivariate analysis
a)

HR (95% CI)

p-value

HR (95% CI)

p-value

0.22 (0.19-0.26)
0.12 (0.10-0.15)
1 (reference)

< 0.001

0.59 (0.48-0.72)
0.41 (0.31-0.55)
1 (reference)

< 0.001

1.14 (0.88-1.47)
1.37 (1.11-1.70)
1 (reference)

0.012

0.59 (0.48-0.72)
0.41 (0.31-0.55)
1 (reference)
b)
(

0.083

1.06 (0.92-1.22)
1 (reference)
1.05 (1.04-1.05)

0.391
< 0.001

a)
a)

0.07 (0.06-0.08)
0.16 (0.13-0.19)
1 (reference)

< 0.001

0.19 (0.12-0.31)
0.24 (0.20-0.30)
1 (reference)

< 0.001

(
(

-

0.062 (
1.24 (0.71-2.18)
0.81 (0.65-1.02)
1 (reference)

-

HR, hazard ratio; CI, confidence interval; GCC, goblet cell carcinoid; TNET, typical neuroendocrine tumor; SRCC, signet-ring
cell cancer; NOS, not otherwise specified. a)Stratified by stage and age at diagnosis, b)Gender was dropped through a backward
variable selection method (p > 0.1), c)Partial colectomy was classified as hemicolectomy.

2. Survival outcome of patients with TNET, GCC, and
SRCC
The median overall survival (mOS) for appendiceal SRCC
was 24 months. The mOS for GCC and TNET were not
reached at the time of this analysis. Comparing survival
among the different histologies, TNET had a survival advantage over GCC (hazard ratio [HR], 0.56; 95% CI, 0.45 to 0.69;
p=0.005), which had a better survival over SRCC histology
(HR, 0.22; 95% CI, 0.19 to 0.26; p < 0.001) (Table 3). In each
stage, TNET and GCC had significant survival advantages
over SRCC (Figs. 1-3). In the localized stage, mOS was not
reached for any of the three histologies. Comparing SRCC,
the HR for survival was 0.26 (0.15-0.46; p < 0.001) for TNET
and 0.42 (0.26-0.69; p < 0.001) for GCC. For regional stage disease, the mOS for SRCC was 35 months (95% CI, 30 to 45),
while mOS for GCC and TNET were not reached. The TNET
regional disease stage patients had survival advantage over
GCC (HR, 0.37; 95% CI, 0.24 to 0.59; p < 0.001). GCC had better survival compared to SRCC patients with regional disease
stage (HR, 0.29; 95% CI, 0.21 to 0.40; p < 0.001). For distant
disease stage, mOS was 32 (95% CI, 13 to not reached) for

TNET, 23 (95% CI, 18 to 28) for GCC, and 15 months (95%
CI, 13 to 18) for SRCC. In this group, TNET patients had survival advantage over GCC (HR, 0.61; 95% CI, 0.44 to 0.83;
p=0.002). GCC patients survived better compared to SRCC
patients with distant disease (HR, 0.73; 95% CI, 0.60 to 0.90;
p=0.003).
After adjusting for age, stage, and histology, there was a
statistically significant difference in survival for SRCC
patients treated with hemicolectomy compared to appendectomy (p=0.01). There was no significant difference in survival
for TNET and GCC patients based the type of surgery
(p=0.21 and p=0.94, respectively). In the multivariate analysis
stratified by stage and age, there was a statistically significant
difference in survival favoring TNET (HR, 0.41; 95% CI, 0.31
to 0.55) and GCC (HR, 0.59; 95% CI, 0.48 to 0.72) over SRCC.

Discussion
Appendiceal TNET, GCC and SRCC are distinct clinicoVOLUME 48 NUMBER 2 APRIL 2016
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Fig. 1. Kaplan-Meier curves of localized appendiceal cancers comparing survival in different histologies. Localized
typical neuroendocrine tumor (TNET) (hazard ratio [HR],
0.26; 95% confidence interval [CI], 0.15 to 0.46; p < 0.001)
and goblet cell carcinoid (GCC) tumors (HR, 0.42; 95% CI,
0.26 to 0.69; p=0.001) have survival advantage, as compared with signet-ring cell cancer (SRCC) histology.

1.0

Overall survival

0.8
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Log-rank p < 0.0001
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Fig. 2. Kaplan-Meier curves of regional disease comparing
survival in different histologies. Regional typical neuroendocrine tumor (TNET) has survival advantage over goblet
cell carcinoid (GCC) tumors (hazard ratio [HR], 0.37; 95%
confidence interval [CI], 0.24 to 0.59; p < 0.001), which has
a better survival, in turn, as compared to signet-ring cell
cancer (SRCC) histology (HR, 0.29; 95% CI, 0.21 to 0.40; p
< 0.001).
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Fig. 3. Kaplan-Meier curves of distant disease comparing
survival in different histologies. Distant typical neuroendocrine tumor (TNET) has survival advantage over goblet
cell carcinoid (GCC) tumors (hazard ratio [HR], 0.61; 95%
confidence interval [CI], 0.44 to 0.83; p=0.002), which has
a better survival, in turn, as compared to signet-ring cell
cancer (SRCC) histology (HR, 0.73; 95% CI, 0.60 to 0.90;
p=0.003).

pathologic entities. The analysis of the SEER registry sample
confirms the differences in presentation and outcome of
these diseases. TNET tend to occur at a younger age and has
a less aggressive clinical course, early stage at presentation
and significantly improved OS. At the other end of the disease spectrum, SRCC tend to occur in older patients. The
aggressive nature of SRCC is reflected by the high risk of distant metastasis at diagnosis, and worse survival outcomes
even when controlled for stage.
The reported sex distribution in TNET ranges from a
female preponderance (63% to 73%) to evenly distributed
[4,10]. Similarly for GCC, literature reports range from
female gender predominance [1,11,12], to equal distribution
[4,10,11]. Most of these series are based on small numbers of
patients from single institution studies. The current report
confirms, using a large national database, that there are gender differences in distribution of TNET, GCC, and SRCC
(p < 0.001). For SRCC histology, we confirmed a higher
prevalence amongst women in this SEER analysis as compared to GCC histology, consistent with a previous report
[1]. Additionally, appendiceal SRCC appear to be clinically
similar to right-sided, microsatellite unstable, signet ring cell
colon adenocarcinoma with respect to gender distribution,
age of diagnosis and outcome. This raises the question
whether appendiceal SRCC and right colon adenocarcinomas behave more like a single disease entity distinct from
other colorectal cancer (CRC) adenocarcinoma and appen-
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Table 4. Summary of the differences in the NANETS and ENETS guidelines for treatment of TNET and GCC patients
TNET
Localized

Metastatic
GCC
Localized

NANETS [17]

ENETS [18]

Appendectomy
< 1 cm, no lymphovascular or
mesoappendiceal involvement
Right hemicolectomy
Base of the appendix
> 2 cm
Intermediate grade
Lymph node involvement
No adjuvant treatment is recommended
As midgut

Appendectomy
Size < or = 1, absence of subserosal or
mesoappendix involvement
Right hemicolectomy
Involved margins
> 2 cm mass
Grade 2 disease
Base of the appendix involved
No adjuvant treatment is recommended
As midgut

Metastatic

GCC is considered mixed
adeno-neuroendocrine carcinoma
Right hemicolectomy
Always recommended even after
appendectomy (within 3 months of
appendectomy)
Salpingo-oophorectomy recommended
in female patients
Treat as adenocarcinoma with
fluoropyrimidine-based chemotherapy

NANETS, North American Neuroendocrine Tumor Society; ENETS, European Neuroendocrine Tumor Society; TNET, typical
neuroendocrine tumor; GCC, goblet cell carcinoid.

diceal GCC. This apparent difference in clinical behavior will
require further characterization through genomic analysis of
CRC SRCC, appendiceal SRCC and typical GCC. Hence, a
molecularly based classification may facilitate prognostication and perhaps target identification for future clinical trials.
The analysis of the SEER data confirms that histology and
stage at presentation are the major determinants of outcome.
The high risk of metastatic disease in the SRCC patients confirms the aggressive clinical behavior of this tumor. The rate
of metastasis at diagnosis in SRCC histology ranges from
14% [4] to 63% [1]. The survival advantage for TNET and
GCC over SRCC persisted after controlling for the difference
in stage distribution. Similar observations were reported
with 5-year survival of patients with advanced stage GCC,
SRCC and poorly differentiated adenocarcinoid tumor being
100%, 38%, and 0%, respectively [1].
Given their rarity, there is no consensus on the management of appendiceal TNET, GCC, or SRCC. The treatments
employed included surgical resection and cytoreduction
of primary tumor and metastatic sites, intraperitoneal
chemotherapy and systemic fluorouracil-based chemotherapy. Debulking surgery and hyperthermic intraperitoneal

chemotherapy treatment is not well-established in appendiceal NET, GCC, and SRCC tumors, although it improves
appendiceal mucinous adecarcinoma [13,14]. All of these
treatment options lack evidence of efficacy. Clinically, the
management decisions are usually based on histologic
subtype and stage, as well as the patient’s performance
status. Early stage TNET, GCC, or SRCC should be managed
surgically, although the extent of surgery is an open question. Historically, the accepted surgical dogma was that
simple appendectomy is sufficient for resection of TNET less
than 2 cm [15]. Recent reports demonstrated that appendiceal
TNET measuring less than 2 cm may have regional nodal
involvement, raising the question whether a more extensive
surgery than simple appendectomy is required irrespective
of size [16]. These observations are further supported by a
SEER analysis where 32.8% of patients with NET less than 2
cm in size (20/61) had lymph node metastasis [4]. The North
American Neuroendocrine Tumor Society (NANETS) [17]
and European Neuroendocrine Tumor Society (ENETS) [18]
guidelines suggest right hemicolectomy for all tumors > 2 cm
or presence of deep mesoappendiceal invasion, positive or
unclear margins, higher proliferative rate (grade 2), angi-
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A

Typical NET

Early stage
Non-metastatic

Metastatic

Surgery
No adjuvant therapy

Surgery
Locoregional therapy
Systemic therapy

B

Goblet cell

Non-metastatic/Early stage

Perforation

Surgery+HIPEC

Metastatic

No perforation

Low risk

High risk
(nodal disease and/or
cecal involvement)

Surgery

Surgery+Chemotherapy

Peritoneal

Extraperitoneal

Surgery+HIPEC

Chemotherapy

C

Signet ring

Non-metastatic/Early stage

Metastatic

Perforation

No perforation

Peritoneal

Extraperitoneal

Surgery+HIPEC
followed by
chemotherapy

Surgery+Chemotherapy

Chemotherapy

Chemotherapy

Response

No response

Surgery+HIPEC

Chemotherapy

Fig. 4. Summary of the proposed treatment algorithm for typical NET (A), goblet cell carcinoid (B), and signet-ring cell
cancer (SRCC) (C) tumors. Chemotherapy is fluropyrimidine based. NET, neuroendocrine tumor; HIPEC, hyperthermic
intraperitoneal chemotherapy. a)HIPEC treatment treatment is controversial in SRCC.
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olymphatic invasion, and mixed histology, irrespective of
tumor size. There is no accepted consensus regarding surgical resection for GCC or SRCC tumors. While simple appendectomy may be adequate for early stage GCC [19,20], cecal
involvement or high mitotic count index should be an indication for right hemicolectomy [19,21,22]. Surgery for SRCC
should always involve a right hemicolectomy due to the high
likelihood of lymph node metastasis, irrespective of the size
of the primary appendiceal mass. This is supported by our
analysis of the SEER data that indicates superior survival for
patients with SRCC who undergo right hemicolectomy. The
role of surgical resection of the ovaries in female patients
with localized SRCC or GCC remains controversial [1,12,22].
A summary of the NANETS [17] and ENETS [18] guidelines
is provided in Table 4.
Unlike CRC adenocarcinoma, the role of adjuvant therapy
is not established for TNET, GCC, or SRCC. Based on our
analysis, patients with TNET have an excellent OS and therefore adjuvant therapy is not indicated. On the other hand,
given the high risk of systemic metastasis in SRCC, we
recommend offering adjuvant therapy for all patients undergoing resection. In our analysis of the SEER sample, the outcome of patients with early stage GCC appears favorable,
suggesting that patients with GCC should be considered for
adjuvant therapy only if they have high risk features such as
cecal invasion, perforation, or lymph node involvement.
Management of advanced stage disease in TNET should
be similar to midgut NET. For GCC patients with advanced
stage disease, options of treatments include peritoneal
debulking with intraperitoneal chemotherapy for patient
with limited peritoneal disease or systemic fluorouracilbased chemotherapy. For SRCC patients, our recommendations include treating with systemic fluorouracil-based
chemotherapy initially and only consider peritoneal resection for patients with good response to initial therapy. A
summary of the proposed treatment algorithm is provided
in Fig. 4.

Predictive and prognostic biomarkers are not well defined
for these diseases. In an attempt to identify gene variations
between appendiceal mucinous adenocarcinoma and GCC,
we profiled nine GCC samples using second-generation gene
sequencing. Only one patient with GCC (11%) had KRAS
mutation, and two had TP53 mutation; MYC, SMAD4, and
APC mutations were absent in GCC [23]. Stancu et al. [24]
and Dimmler et al. [25] proved the absence of KRAS mutations in 16 and 14 GCC samples. In the light of its rarity,
molecular differentiation markers for appendiceal TNET,
GCC, and SRCC were never studied. Further confirmation
with larger studies is needed to evaluate pathologic genomic
sequencing for the three histologies in order to detect differences in survival and possible future biomarkers that predict
response to specific target treatments.

Conclusion
This is the largest report to date for patients with appendiceal NET. The SEER registry findings confirm the distinct
clinical entities of TNET, GCC, and SRCC with respect to
presentation and outcome. Careful evaluation of the morphologic features and appropriate pathologic classification
are crucial for treatment. A treatment strategy is presented
based on the experience of both institutions.
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Clinicopathological Features and Type of Surgery for Lynch Syndrome:
Changes during the Past Two Decades

Purpose
The Korean Hereditary Tumor Registry, the first and one of the largest registries of hereditary
tumors in Korea, has registered about 500 families with hereditary cancer syndromes. This
study evaluates the temporal changes in clinicopathologic features and surgical patterns
of Lynch syndrome (LS) patients.
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Materials and Methods
Data on 182 unrelated LS patients were collected retrospectively. The patients were divided
into the period 1 group (registered in 1990-2004) and 2 (registered in 2005-2014). The
clinical characteristics of the two groups were compared to identify changes over time.
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Results
The period 1 group included 76 patients; the period 2 group, 106 patients. The mean ages
at diagnosis were 45.1 years (range, 13 to 85 years) for group 1 and 49.7 years (range, 20
to 84 years) for group 2 (p=0.015). The TNM stage at diagnosis did not differ significantly—
period 1 group: stage 0-I (n=18, 23.7%), II (n=37, 48.7%), III (n=19, 25.0%), and IV (n=2,
2.6%); period 2 group: stage 0-I (n=30, 28.3%), II (n=35, 33.0%), III (n=37, 34.9%), and IV
(n=4, 3.8%). Extended resection was more frequently performed (55/76, 72.4%) in the
period 1 group than period 2 (49/106, 46.2%) (p=0.001).
Conclusion
Colorectal cancer in patients with LS registered at the Korean Hereditary Tumor Registry is
still diagnosed at an advanced stage, more than two decades after registry’s establishment.
Segmental resection was more frequently performed in the past decade. A prompt nationwide effort to raise public awareness of hereditary colorectal cancer and to support hereditary cancer registries is required in Korea.

Key words
Registration, Hereditary nonpolyposis colorectal neoplasms,
Lynch syndrome
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Introduction
Lynch syndrome (LS) is an autosomal-dominant genetic
predisposition to cancer, accounting for about 1%-5% of
colorectal cancer (CRC) [1]. LS is caused by an inactivating
germline mutation in a mismatch repair (MMR) gene, including MLH1, MSH2, MSH6, PMS2, and EPCAM. LS entails
a lifetime CRC risk of 60%-80% [2] and displays distinct clinical phenotypes, such as early age of cancer onset, predominance of proximal CRC, excessive synchronous and metachronous tumors, and various extra-colonic tumors of the
endometrium, ovary, stomach, small bowel, pancreas, biliary
tree, brain, and urothelium [3]. The Amsterdam Criteria for
a diagnosis of LS were developed by the International
Collaborative Group on Hereditary Non-Polyposis Colorectal Cancer (ICG-HNPCC) in 1991, and were modified in 1999
because they included limited extra-colonic tumors and were
relatively insensitive to germline MMR mutations [4].
The Bethesda Criteria, which are more sensitive, are used
together with the patient’s microsatellite instability (MSI)
status to identify those who qualify for MMR mutation
analysis [5]. Both clinical diagnosis based on the Amsterdam
Criteria and genetic diagnosis based on an MMR mutation
analysis identify LS effectively.
Since the establishment of the first hereditary colorectal
tumor registry in 1925 at St Mark’s Hospital, London, UK,
the registration and systematic care of individuals with
hereditary colorectal tumors has increased globally and been
extended to families with familial adenomatous polyposis,
LS, Peutz-Jeghers syndrome, and various rare hereditary
gastrointestinal cancer syndromes [6]. Well-organized registries have improved the effective management of patients
with hereditary CRC and their relatives. Furthermore, registry-based screening reduces the incidence and mortality of
CRC considerably in Western countries [7-11]. However,
such large-scale population-based screening and the early
control of hereditary cancer can be maintained only by the
activity of a national registry rather than single institutional
or regional registries [10,12]. The importance of central
organization and ongoing funding in the management of
hereditary cancer syndromes is well recognized [12]. In
contrast, there is no report on the performance of hereditary
cancer registry in Asian populations.
The Korean Hereditary Tumor Registry (KHTR) was
established in 1993 as the first such registry in Korea. The
KHTR performs many important functions, including the
registration of new patients with hereditary tumors, mutational screening of the genes responsible for specific hereditary tumors, and surveillance of at-risk relatives with
presymptomatic genetic diagnoses. The KHTR screens the
genes responsible for hereditary tumors in various organs,
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including the colon, rectum, breast, ovary, stomach, eye,
brain, bone, adrenal gland, and kidney [6]. These activities
are performed in close cooperation with many referring
hospitals. The KHTR contains information on 186 different
families affected by LS or suspected of LS, 98 different families affected by familial adenomatous polyposis, and many
families with various other hereditary tumors, and it is
currently one of the largest hereditary tumor registries in
Korea.
This study evaluated the changes in various clinical
features of LS patients in the registry in terms of the early
detection of CRC and the appropriate management of these
patients over the past two decades, since the establishment
of the KHTR.

Materials and Methods
1. Study population
Patients fulfilling the Amsterdam II Criteria proposed by
the ICG-HNPCC were selected by pedigree review [13] from
567 individuals in 186 different families affected with LS or
suspected LS patients registered in the KHTR. Patients not
fulfilling the criteria, but whose genetic analysis confirmed
a germline mutation in an MMR gene were also included. In
addition to pedigree analyses, MSI testing is routinely performed in clinical practice for all CRC patients in major
referring hospitals associated with our registry. Five
microsatellite markers (BAT-25, BAT-26, D2S123, D5S346,
and D17S250) are used to analyze paired normal and tumor
DNAs for MSI. Tumors were classified as MSI-high when at
least two of the five markers displayed novel bands, MSI-low
when additional alleles were found with one of the five
markers, and stable microsatellite when all microsatellite
markers examined displayed identical patterns in both
tumor and normal tissues. Genetic counseling is offered to
patients with CRC showing MSI, and genetic testing is provided with the consent of the patient. Patients with CRC
showing MSI are also tested for LS based on the results of
genetic testing. The clinicopathologic data for all patients in
the present study were available, including their demographic data, informative pedigree, details of treatment, and
pathological stage of CRC.
The study patients are divided into two period groups: the
period 1 group included patients diagnosed with LS in 19902004 and the period 2 group included patients diagnosed
with LS in the past decade, 2005-2014. The clinical characteristics of the two groups were compared to identify any
changes that have occurred since the foundation of the
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KHTR. The type of surgery used was classified into extended
resection (subtotal colectomy, total colectomy, or restorative
proctocolectomy with ileal pouch–anal anastomosis) and
segmental resection (right hemicolectomy, transverse colectomy, left hemicolectomy, anterior resection, low anterior
resection, ultralow anterior resection, Hartmann’s operation,
or abdominoperineal resection). A histological examination
was performed by a pathologist experienced in colorectal
and oncological pathology. The extent of the disease at diagnosis was classified by TNM stage (the seventh edition of the
American Joint Committee on Cancer staging manual) [14].
A chi-squared test or Fisher exact test (where appropriate)
was used for the inference of proportions. Null hypotheses
of no difference were rejected if p-values were less than 0.05.
All statistical analyses were performed using SPSS ver. 18.0
(SPSS Inc., Chicago, IL).

Results
One hundred and seventy-one LS patients fulfilling the
Amsterdam II Criteria for genetic testing during the study
period were identified. Genetic testing for MMR mutations
(in MLH1, MSH2, PMS2, or MSH6) was performed in 141 of
these 171 patients and germline mutations were identified in
60 (42%). Genetic testing confirmed MMR germline mutations in 11 of the 396 patients with no known family history,
but who were close to the diagnostic clinical criteria, or had
CRC with MSI-high. Seventy-one patients in this study
carried MMR gene mutations. The distribution of germline
mutations among MMR genes and mutation type (frameshift, missense) were not different between period groups.
The study analyzed 182 LS patients.
The period 1 group included 76 patients and the period 2
group included 106 patients. The mean age at diagnosis was
45.1 years (range, 13 to 85 years) for period 1 and 49.7 years
(range, 20 to 84 years) for period 2 (p=0.015). The two groups
had similar sex distributions. The clinicopathologic characteristics of each group are listed in Table 1. The most common tumor site was the rectum (n=21, 27.6%) in the period 1
group and the sigmoid colon (n=33, 31.1%) in the period 2
group. However, the predominance of a proximal location
was the same in the two groups. There was no change in the
cancer stage at diagnosis throughout the study period. The
extent of disease at diagnosis in the LS patients did not differ
significantly over time (p=0.186) (Table 1). Extended resection was performed in 55 patients (72.4%) and segmental
resection in 21 patients (27.6%) of the period 1 group, and
extended resection in 49 patients (46.2%) and segmental
resection in 57 (53.8%) of the period 2 group (p=0.003)

(Table 2). This study shows that laparoscopic surgery is
widely used for LS CRC; the penetrance of laparoscopy in
the period 2 group was 31.3%. The relationships between the
pattern of surgery and other factors were evaluated. Segmental resection was more frequently performed in patients registered in the KHTR in the past decade, in patients with rectal
cancer, or in older patients whose age at diagnosis was over
60 (Table 3).

Discussion
CRC is one of the most common causes of cancer-related
death in Korea and its incidence has increased steeply over
the past 25 years [6]. Because CRC displays familial clustering in up to 20%-30% of all cases, this increase makes it even
more important to recognize hereditary CRC syndrome
in Korea [15]. Detecting hereditary CRC not only allows
the provision of the appropriate management to patients
with hereditary CRC, but also the identification of high-risk
individuals among their family members. Offering them
standard cancer surveillance can prevent advanced hereditary-CRC-syndrome–associated malignancies in affected
familial members [16]. Only a well-organized registry can
accomplish these activities for the families affected by hereditary CRC syndrome [6].
Registry-based screening for LS is crucial, and over the
past two decades nationwide or regional registries have been
established in Finland, Germany, Canada, Denmark, and the
Netherlands [11]. Large-scale registration in these countries
allowed practical advances in improving public health. The
Danish HNPCC Registry supervises the central registration
of data on all families with hereditary CRC, and reports that
because of screening, LS patients with stage III CRC have a
better overall survival rate than those with sporadic CRC
[17]. The mortality of CRC has been reduced] by a large-scale
surveillance program for LS in the Netherlands [18]. A recent
systematic review reported that registry-based screening is
essential for reducing the incidence and mortality of CRC in
patients with LS, and the authors highlighted the importance
of funding and managerial support for hereditary CRC registries [13]. The accumulation of extensive data on patients
with hereditary cancer makes it possible to conduct largescale research, providing medical evidence that can greatly
improve clinical practice [12]. In several countries, including
Finland (Finnish Hereditary Colorectal Cancer Registry),
Germany (German HNPCC Consortium), Canada (Hereditary Cancer Registry), and the Netherlands (Dutch Cancer
Registry), the number of registered LS families with a known
mutation exceeds 2,000 together with about 10,000 individVOLUME 48 NUMBER 2 APRIL 2016
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Table 1. Lynch syndrome patient characteristics
Variable
Age, mean (range, yr)
Sex
Male
Female
Location
Proximal colona)
Distal colonb)
Rectum
Multiple
Histologic differentiationc)
Well differentiated
Moderately differentiated
Poorly differentiated
Mucinous adenocarcinoma
Signet cell ring carcinoma
Laparoscopic approach
Yes
No
Tumor extension
T0
T1
T2
T3
T4
Nodal metastasis
N0
N1
N2
Metastasis
M0
M1
TNM stage
0-I
II
III
IV

Group 1 (period 1990-2004) (n=76)

Group 2 (period 2005-2014) (n=106)

p-value

45.1 (13-85)

49.7 (20-84)

0.015

51 (67.1)
25 (32.9)

54 (50.9)
52 (49.1)

0.034

31 (40.8)
23 (30.3)
21 (27.6)
1 (1.3)

37 (34.9)
37 (34.9)
22 (20.8)
10 (9.4)

0.093

15 (19.7)
17 (22.4)
5 (6.5)
8 (10.5)
1 (1.3)

17 (16.0)
76 (71.7)
6 (5.7)
0(
0(

0.435

0(
76 (100)

33 (31.2)
73 (68.8)

0.001

4 (5.3)
9 (11.8)
7 (9.2)
46 (60.5)
10 (13.2)

3 (2.8)
15 (14.2)
17 (16.0)
60 (56.6)
11 (10.4)

0.585

55 (72.4)
18 (23.6)
3 (4.0)

65 (61.3)
28 (26.4)
13 (12.3)

0.109

74 (97.4)
2 (2.6)

102 (96.3)
4 (3.7)

0.708

18 (23.7)
37 (48.7)
19 (25.0)
2 (2.6)

30 (28.3)
35 (33.0)
37 (34.9)
4 (3.8)

0.186

Values are presented as number (%). a)Proximal to the splenic flexure, b)Distal to the splenic flexure, c)Missing data;
30 patients in group 1 and seven patients in group 2.

uals who are confirmed mutation carriers [8].
However, no reduction in the extent of the disease at diagnosis has been observed in the CRC patients registered at the
KHTR since its foundation. The proportion of patients with
advanced (regional or distant) disease at diagnosis in the
period 2 group was still substantial (38.7% in the period 2
group vs. 27.6% in period 1, respectively), although the
difference was not significant. The registry has been used in
the management of hereditary colon cancer in collaboration
with many cancer clinics over the past two decades. How-
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ever, this study shows that the KHTR, an institution-based
registry, has not improved the overall mortality or early
detection of LS patients. As an institution-based registry, it
is impossible for the KHTR to perform nationwide registration and systematic management for LS patients. To reduce
the incidence and mortality of CRC in patients with hereditary CRC, including familial adenomatous polyposis and LS,
registration and screening must extend beyond the regional
registry level or a single institutional registry [11,19]. Patients
with LS should be notified of a regional genetics registry and
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Table 2. Surgical method comparison between period 1 group and period 2 group
Operation type

Group 1 (period 1990-2004) (n=76)

Standard operation
Subtotal colectomy
Total colectomy
Total proctocolectomy
Segmental resection
Right hemicolectomy
Transverse colectomy
Left hemicolectomy
Anterior resection
Low anterior resection
Ultralow anterior resection
Hartmann’s operation
Abdominoperineal resection
Segmental resection of colon

55 (72.4)
32 (
16 (
7(
21 (27.6)
6(
2(
1(
2(
8(
0(
0(
1(
1(

Group 2 (period 2005-2014) (n=106)
49 (46.2)
23 (
21 (
5(
57 (53.8)
19 (
0(
2(
15 (
12 (
4(
1(
4(
0(

p-valuea)
0.001

Values are presented as number (%). a)Using Fisher exact test.

Table 3. Factors affecting surgical method
Variable
Period
Group 1 (1990-2004)
Group 2 (2004-2014)
Diagnosis of LS
Fulfilling ACa)
Genetic testingb)
Location of CRCc)
Colon
Rectum
Age of diagnosis (yr)b)
# 60
> 60

Standard operation (n=104)

Segmental resection (n=78)

Total

p-value

55 (72.4)
49 (46.2)

21 (27.6)
57 (53.8)

76
106

0.001

100 (58.5)
4 (36.4)

71 (41.5)
7 (63.6)

171
11

0.131

64 (50.0)
13 (30.2)

64 (50.0)
30 (69.8)

128
43

0.033

94 (61.8)
10 (33.3)

58 (38.2)
20 (66.7)

152
30

0.005

Values are presented as number (%). LS, Lynch syndrome; AC, Amsterdam criteria; CRC, colorectal cancer. a)Patients fulfilling
the Amsterdam II Criteria by the International Collaborative Group on Hereditary Non-Polyposis Colorectal Cancer, b)Mutation screening for mismatch repair gene (MLH1 and MSH2), c)Excluded 11 patients with multiple tumors.

managed in the context of that registry [20]. As regional
registries are extended, not only can patients with newly
detected LS-associated cancer be provided with genetic
counseling and testing at their regional or institutional registry, their at-risk relatives can be invited to genetic counseling and risk assessment, predictive testing, and appropriate
screening at their own regional registry. It may also be easier
to raise public awareness of hereditary CRC throughout the
country. It is highly significant that only about one third of
LS patients develop the disease de novo, rather than inheriting

the pathogenic MMR mutation from their parents [21].
Despite this, most patients with hereditary CRC are still managed on an individual basis in Korea.
Extended resection, such as subtotal colectomy, is generally favored over segmental resection in the curative surgery
for LS patients with CRC because segmental resection entails
a greater risk of synchronous and metachronous CRC. A
retrospective study of LS patients with rectal cancer who
underwent segmental resection found that the cumulative
risk of metachronous colon cancer was 19% at 10 years, 47%
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at 20 years, and 69% at 30 years after surgical resection [22].
Recent guidelines limit the use of segmental resection only
to those patients for whom total colectomy is unsuitable, and
only if regular postoperative surveillance is conducted [21].
However, the appropriate surgery for each individual with
LS is an open question. Rodriguez-Bigas and Moeslein [23]
suggested that treatment must be individualized for each
patient because there has been no prospective or randomized
control study suggesting that extended resection confers a
survival benefit compared with segmental resection. Another
study suggested that less extensive surgery should be considered for elderly patients, because the increase in life
expectancy achieved with total colectomy rather than
segmental resection in LS patients aged 67 years was only 0.3
years [24]. For rectal cancer in LS, there is still debate on total
proctocolectomy as a standard procedure. The risk of
metachronous colon cancer was reported as 15%-54% after
segmental resection of rectal cancer, although quality of life
concerns and defecation problems are substantial [22]. The
present study indicates that segmental resection is more
frequently performed in patients with rectal cancer, or in
older patients whose age at diagnosis was over 60. Although
not statistically significant, it is interesting that seven of
11 patients (63.6%) diagnosed with LS by genetic testing
underwent segmental resection (Table 3). The difficulties
inherent in preoperative genetic testing in daily clinical practice may affect its contribution to surgical decision making.
This study shows that increasing numbers of surgical procedures are currently performed with laparoscopy. As evidence of the safety and feasibility of the laparoscopic approach in CRC surgery increases, expert opinion on the surgical management of CRC in LS patients is that surgical procedures can be performed with either open or minimally
invasive techniques [2,23].

Conclusion
In conclusion, CRC in patients with LS and registered at
the KHTR is still diagnosed at an advanced stage, more than
two decades after the registry’s establishment. This indicates
that the impact of a single institutional registry on the screening and surveillance of hereditary tumors is limited. Segmental resection rather than extended resection has been
performed more frequently in the past decade. A prompt
nationwide effort to raise public awareness of hereditary
CRC and to increase the support for registries is required in
Korea.
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Purpose
The study was to compare the oncologic and functional outcomes of partial nephrectomy
(PN) and radical nephrectomy (RN) for pathologically proven T1b renal cell carcinoma using
pair-matched groups.
Materials and Methods
We reviewed our prospectively maintained database for RN and PN in T1b renal tumors
surgically treated between 1999 and 2011 at five institutions in Korea. Of 611 patients
treated with PN or RN for a solitary and NX/N0 M0 renal mass (4-7 cm), 577 (PN, 100; RN,
477) patients with pathologically confirmed pT1b remained for analysis. Study subjects
were grouped by PN or RN, then matched by age, sex, comorbidities, body mass index,
tumor size and depth, histologic type, and preoperative estimated glomerular filtration rate
(eGFR) using propensities score. To evaluate oncologic outcomes, overall survival (OS), cancer-specific survival (CSS), and progression-free survival (PFS) rates were analyzed. The
functional outcomes were evaluated by postoperative eGFR.
Results
The median follow-up in the RN group was 48.1 and 42.6 months in the PN group. The
estimated 10-year CSS rate (PN 85.7% vs. RN 84.4%, p=0.52) and 5- and estimated
10-year PFS rates (PN: 86.4% and 79.2% vs. RN: 86.0% and 66.1%, p=0.66) did not differ
significantly between groups. The estimated 10-year OS rate was significantly higher in the
PN group (85.7%) compared to the RN group (73.3%) (p=0.003). PN was less likely to induce
new-onset chronic kidney disease (CKD) and end-stage CKD compared with RN.
Conclusion
Our study suggests that patients treated with PN demonstrate a superior OS rate and postoperative renal function with analogous CSS and PFS rates compared with pair-matched
patients treated with RN.

Key words
T1b, Renal cell carcinoma, Partial nephrectomy,
Nephron-sparing surgery

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

│ http://www.e-crt.org │

Hoon Ah Jang, PN vs. RN in T1b RCC: A Multicenter, Matched Study

Introduction
Historically, radical nephrectomy (RN) has been the mainstay treatment for renal cell carcinoma (RCC). Increased
incidental detection of small renal masses with the development of radiologic diagnostic tools has brought increased
attention to treatment options and operation modality for
small renal masses. With the evidence of comparable oncologic outcomes with partial nephrectomy (PN) and the risk
of de novo renal failure with RN for a small renal tumor,
attention is focused on expanding and setting the indications
of PN in small renal tumors. In the last decade, PN has
developed rapidly and supplanted RN as the standard treatment for T1a RCC [1], with comparable oncological outcomes, superior renal function preservation [2] and better
quality of life [3]. Although treatment for tumors larger than
4cm remains controversial, emerging data indicates that PN
for T1b RCC provides comparable cancer control compared
with RN, as well as PN for T1a RCC [4,5]. However, most of
those studies are single-center, retrospective and observational studies with low-level evidence, and the results and
interpretation are questionable because of uneven distribution of patients and patient selection bias [6]. Therefore, we
conducted a pair-matched clinical outcome study in patients
who underwent PN or RN for T1b renal tumors. Factors that
can affect oncologic and functional outcomes were matched,
and data were distributed evenly with regard to age, sex,
preoperative renal function, comorbidity, American Society
of Anesthesiologists score, body mass index (BMI), tumor
size, and histologic subtype.
In this study, we evaluated the oncologic and functional
outcomes of PN versus RN in T1b renal tumors within a pairmatched control cohort.

Materials and Methods
1. Patient selection and matching
After approval was obtained from the institutional review
board at each center, we retrospectively reviewed our database. We identified 611 patients treated between 1999 and
2011 with RN or PN for a solitary, NX/NO MO solid renal
mass (4-7 cm) at five institutions in Korea. After excluding
patients with benign pathology and those with missing
records, 577 (PN, 100; RN, 477) patients with pathologically
confirmed pT1b remained for analysis. Patients who underwent PN (n=100) were matched to patients who underwent
RN (n=458).

To eliminate the influence of the confounding factors and
achieve equal distributions of patients between the two
groups, we pair-matched the patients of the two groups
using propensity scores. The propensity score included age,
sex, comorbidities (hypertension, diabetes), BMI, tumor size
and depth, histologic type, and preoperative estimated
glomerular filtration rate (eGFR). Preoperative eGFR was
classified into five groups according to the current guidelines
for chronic kidney disease (CKD) [7].
Clinical data including age, sex, BMI, tumor size and location, and surgical approach were recorded. Intraoperative
and postoperative data including operative time, estimated
blood loss (EBL), intraoperative transfusions and serum
creatinine and hemoglobin levels on postoperative day 1
were recorded. Complication rates, tumor recurrences, overall survival (OS) rate, cancer-specific survival (CSS) rate,
progression-free survival (PFS) rate, and renal function outcomes were documented. The OS, CSS, and PFS rates were
measured until the last date of follow-up. The modified
Clavien classification system was used to report complications [8].
2. Patient follow-up and renal function evaluation
Patients were evaluated for postoperative recurrence by
chest X-ray and computed tomography scan every 6 months
for the first 3 years. After that period, follow-up evaluations
were performed annually.
Renal function evaluation included serum creatinine and
eGFR on preoperative, one day and 3 months postoperative
and annually thereafter. The eGFR was calculated for each
creatinine value based on the Cockcroft-Gault equation [9].
Postoperative new-onset CKD was defined as eGFR lower
than 60 mL/min/1.73 m2, according to the National Kidney
Foundation Dialysis Outcomes Quality Initiative Clinical
Practice Guidelines [10].
3. Surgical approach and technique
Procedures performed included pure laparoscopic, handassisted laparoscopic, robot-assisted laparoscopic and open
RN and PN. Surgical modality and approach were decided
by surgeon preference and tumor characteristics. All surgeries were performed by skilled surgeons using standard methods.
4. Statistical analysis
Analysis used SPSS ver. 13.0 (SPSS Inc., Chicago, IL). The
data are presented as the mean and range. Clinical and
pathological variables were compared between patients who
underwent PN and RN using the chi-square test and
VOLUME 48 NUMBER 2 APRIL 2016
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Table 1. Partial nephrectomy versus radical nephrectomy: clinical, surgical, and pathologic parameters
Parameter
No. of patients
No. of women
Age at operation (yr)
BMI (kg/m2)
ECOG 3+4 (%)
Patients with diabetes
Patients with hypertension
Preoperative creatinine (mg/dL)
Preoperative eGFR (mL/min/1.73 m2)
Preoperative eGFR (mL/min/1.73 m2):
! 90/89-60/59-30/29-15/< 15
Operative time
EBL
Change in Hb preoperative to nadir
Received transfusions
Intraoperative complications
Postoperative complications
PSM (%)
Pathologic tumor size (cm)
Pathology
Clear-cell
Papillary
Chromophobe
Mixed or other

PN

RN

100 (
29 (
55.3 (26 to 80)
24.3 (19.5 to 38.1)
5(
9(
34 (
1.0 (0.4 to 2.0)
80.5 (27.8 to 193.5)
31/47/21/1/0

100 (
29 (
55.7 (31 to 81)
24.8 (17.3 to 36.6)
3(
17 (
39 (
1.0 (0.6 to 1.6)
88.8 (7.4 to 186.6)
29/47/23/0/1

182.2 (60 to 450)
290.0 (20 to 1,800)
1.3 (–3.2 to 6.1)
14 (
7(
8(
3(
4.9 (4.0 to 6.7)

190.0 (75 to 393)
306.4 (10 to 1,200)
1.8 (–3.8 to 7.9)
14 (
5(
6(
NA
4.9 (4.0 to 6.9)

78 (
8(
7(
7(

77 (
11 (
7(
5(

p-value
> 0.99
0.80
0.68
0.13
0.09
0.46
0.28
0.41
0.70
0.39
0.63
0.16
> 0.99
0.42
0.09
0.98
0.30

Values are presented as mean (range) or number (%). PN, partial nephrectomy; RN, radical nephrectomy; BMI, body mass
index; ECOG, Eastern Cooperative Oncology Group; eGFR, estimated glomerular filtration rate; EBL, estimated blood loss;
Hb, hemoglobin; PSM, positive surgical margin; NA, not applicable.

Student’s t test as appropriate. The OS, CSS, PFS, and
new-onset CKD rates were analyzed using the Kaplan-Meier
method. Post operative renal functions between groups were
compared as the mean percent of decline in eGFR from baselines at postoperative 3, 12, 24, 36, and 48 months by
Student’s t test. To compare the survival rate between
groups, the log-rank test was used. A Cox proportional
hazards model was then used to compare the OS, CSS and
PFS rates of patients who underwent PN as opposed to RN.
The associations between variables and the outcome parameters are presented with the hazard ratios and 95% confidence intervals. Null hypotheses of no difference were
rejected if p-values were less than 0.05, or, equivalently,
if the 95% confidence intervals (CIs) of hazard ratio estimates
excluded 1.
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Results
1. Patient and tumor characteristics
Patient demographics and surgical and perioperative data
from both groups are summarized in Table 1. The two
groups were similar in age, sex, BMI, and number and type
of comorbidity. Preoperative mean creatinine and eGFR were
similar between the groups: 0.98 PN (range, 0.4 to 2.0) and
1.04 RN (range, 0.62 to 1.75) (p=0.28), 80.46 PN (range, 24.5
to 177.7), and 88.79 RN (range, 24.9 to 192.0) (p=0.41), respectively.
Tumor characteristics are also shown in Table 1. The mean
pathologic tumor size was similar between the two groups:
4.90 cm PN and 4.91 cm RN (p=0.98). The ratio of the pathological variables was also similar between the two groups
(p=0.3).
Laparoscopic surgery was performed in 130 patients.
Among them, 64 patients underwent pure laparoscopic

Hoon Ah Jang, PN vs. RN in T1b RCC: A Multicenter, Matched Study

Table 2. Intraoperative and postoperative complications
Complication
Intraoperative complication
Organ injury
Pleura injury
Postoperative complication
Wound infection
Prolonged ileus
Urine retention
Incisional hernia not necessitating intervention
Acute renal failure
Urine leakage

PN

RN

Clavien-Dindo grade

3a)
4

2b)
3

-

1
1
1
2
2
1

1
1
2
2
-

I
I
I
I
II
IIIa

PN, partial nephrectomy; RN, radical nephrectomy. a)Spleen injury (1), major vessel injury (1), ureter injury (1), b)One duodenal
injury, major vessel injury (1).

surgery (PN, n=37; RN, n=27), 14 patients underwent handassisted laparoscopic surgery (PN, n=1; RN, n=13), and 52
patients underwent robot-assisted laparoscopic surgery (PN,
n=18; RN, n=34). Open surgery was performed in 70 patients
(PN, n=44; RN, n=26).
2. Perioperative and postoperative complications
Perioperative parameters including mean operative time,
EBL and transfusion rate between the two groups did not
differ significantly (p > 0.05). The mean change in preoperative hemoglobin (Hb) to postoperative Hb was similar
between groups (p=0.16). Renal pedicle clamping was conducted only in the PN group, in 96 patients (warm ischemia,
n=82; cold ischemia, n=14), and the mean ischemic time was
29.97 minutes (range, 9 to 68 minutes).
A summary of all complications is shown in Table 2. The
overall complication rate was similar between groups
(p > 0.05). Intraoperative complications in the PN group consisted of three organ injuries (one spleen injury, one major
vessel injury, and one ureter injury) and four pleural injuries.
In the RN group, there were two organ injuries (one major
vessel injury and one duodenal injury) and three pleural
injuries. The postoperative complication rate was comparable in patients treated with PN and RN (p=0.09). Postoperative complications for PN included five patients with grade
I, two patients with grade II, and one patient with grade IIIa
complications. In the RN group, there were four cases of
grade I and two cases of grade II postoperative complications.
In the PN group, three patients had a positive surgical
margin (PSM), and of those, two were treated laparoscopically and one treated with open PN.

3. Tumor progression and survival
The median follow-up duration in the RN group was 48.1
and 42.6 months for the PN group.
Tumor progression was found in six of 100 patients after
PN. Of those, three patients developed local recurrence and
three patients developed distant metastases after a median
duration of 97.0 months (95% CI, 85.05 to 109.04 months).
In the PN group, three patients had a PSM, and none of these
developed local or distant recurrence after a median followup of 37 months (range, 19 to 45 months). In the RN group,
12 of 100 patients developed distant metastases after a
median of 110.7 months (95% CI, 98.54 to 123.00 months).
The PFS rate was comparable between the two groups
(log-rank, p=0.66). The 5- and 10-year PFS rates were 86.4%
and 79.2% for the PN group and 86.0% and 66.0% in the RN
group, respectively (Table 3, Fig. 1).
The CSS rates for patients with T1b RCC treated with PN
or RN were comparable (log-rank, p=0.52) (Table 3). In the
PN group, one patient died of RCC at 83 months after
surgery. After RN, four patients died of RCC at a median of
110.4 months. The estimated 10-year CSS rate for PN was
85.7%, similar to the RN rate of 84.4%. The Cox proportional
hazards model adjusting for propensity scores also did not
differ in CSS rate between groups (hazard ratio [HR], 2.01;
95% CI, 0.22 to 18.33).
The estimated 10-year OS rate was significantly higher in
the PN group (85.7%) than the RN group (73.3%) in the
Kaplan-Meier analysis (log-rank, p=0.003). Using the Cox
proportional hazards model, tumor size (p=0.947), type of
surgery (p=0.131), and postoperative renal function (p=0.146)
were not significantly associated with OS.
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Table 3. Oncologic outcomes
Parameter
Follow-up (mo)
Median
Range
Positive margins (%)
PFS rate
5-Year (%)
10-Year (%)
Time to recurrence, median (95% CI, mo)
CSS rate
10-Year (%)
Duration of CSS, median (95% CI, mo)
OS rate
10-Year (%)
Duration of OS, median (95% CI, mo)

PN

RN

48.1 (
6-116 (
3(

p-value

42.6 (
3-140 (
NA

0.29

86.4 (
79.2 (
97 (85.1-109.0)

86.0 (
66.0 (
110.7 (98.5-123.0)

0.66

85.7 (
110.4 (102.1-118.7)

84.4 (
129.0 (119.4-138.6)

0.52

85.7 (
110 (102.1-118.7)

73.3 (
117.8 (106.2-129.5)

0.003

PN, partial nephrectomy; RN, radical nephrectomy; NA, not applicable; PFS, progression-free survival; CSS, cancer-specific
survival; OS, overall survival.

4. Change in renal function
Forty-six patients (PN, 22; RN, 24) had pre-existing CKD
before surgery. There was no difference in baseline eGFR
between PN and RN (p=0.41). Renal function declined in
both groups from preoperative to 3 months postoperative
(80.46; range, 24.5 to 177.7) to 71.99 mL/min/1.73 m2 (range,
9.6 to 172.3 mL/min/1.73 m2) and 88.79 mL/min/1.73 m2
(range, 24.9 to 192.0 mL/min/1.73 m2) to 59.27 (range, 29.8
to 137.4) in the PN and RN groups, respectively). Changes in
renal function in both groups are summarized in Fig. 2. The
mean percent decline of eGFR from baseline to postoperative
3, 12, 24, 36, and 48 months were all greater in the RN group
compared to the PN group (p < 0.05). New-onset CKD (eGFR
< 60 mL/min/1.73 m2) occurred more frequently in the RN
group (n=27) than in the PN group (n=5) (p=0.00; HR, 11.83;
95% CI, 4.09 to 34.20) (Fig. 3). The ratio of new-onset CKD
increased as end-stage CKD (eGFR < 15 mL/min/1.73 m2)
occurred in only one patient who underwent PN and in no
patients in the RN group (p > 0.99).

Discussion
Our results with T1b RCC demonstrated comparable
5- and estimated 10-year PFS and estimated 10-year CSS rates
and superior estimated 10-year OS for patients treated with
PN versus RN. Five- and estimated 10-year PFS rates were
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86.4%/79.2% for PN and 86.0%/66.0% for RN. Estimated
10-year CSS rate was 85.7% for PN and 84.4% for RN. As the
tendency changes toward performing more PN procedures
for T1b RCC, studies demonstrate that the oncologic outcome
and survival rate are comparable in patients treated with PN
compared with RN. Leibovich et al. [11] reported that PN led
to higher 5-year CSS and 5-year tumor recurrence rates compared to RN in 4 to 7 cm RCC using univariate analysis.
Similarly, Thompson et al. [5] found no significant difference
in 5- and 10-year CSS rates in patients with T1b who underwent PN or RN, although there was a tendency for a high
rate of solitary kidney or CKD in the PN group, implying the
possibility of patient selection bias. Badalato et al. [12]
reported that there was no significant difference in the 5-year
CSS rate in patients with T1b RCC treated with PN versus
RN (82.5% and 85%, p=0.161, respectively). Based on these
reports and the results of the present study, we suggest that
PN is oncologically safe and has comparable, at least not
inferior outcomes, compared with RN for the treatment of
T1b RCC.
A major benefit of PN is renal function preservation and
the derived potential positive effects on OS and quality of
life [5]. Weight et al. [13] reported that a postoperative
decline in GFR of 16.6% and 23.5% was observed in patients
treated with PN and RN for T1b RCC, respectively. Iizuka et
al. [14] reported that PN for cT1b resulted in a similar postoperative eGFR level to that of cT1a. In addition, the probability of freedom from the new onset of CKD after PN did
not differ between cT1b or cT1a tumors. In our study, renal
function, estimated by eGFR, decreased after both PN and
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Fig. 1. Kaplan-Meier analysis of progression-free survival (A), cancer-specific survival (B), and overall survival (C) for 200
patients after partial nephrectomy (PN) or radical nephrectomy (RN) for T1b renal cell carcinoma. Comparison of survival
analysis performed using the log-rank test.

RN, but PN led to better postoperative renal function preservation compared to RN. The change in eGFR from baseline
to 3 months and 4 years was 10.52%/8.04% for PN and
33.24%/35.12% for RN. PN was less likely to induce newonset CKD and end-stage CKD compared with RN. The present study demonstrates the feasibility and validity of PN for
T1b RCC with respect to oncologic outcome and superior
renal function preservation.

In the present study, renal function decreased sharply
during the first 3 months after PN and RN and was maintained for 4 years. The percent decline of eGFR from baseline
to postoperative follow-up time was significantly smaller in
the patients treated with PN compared with RN. Although
technical concerns relative to the effect of renal artery occlusion or reperfusion injury and warm ischemia, and the association of resection volume and remnant renal function in
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Fig. 2. Comparison of renal function from baseline to
4-year follow-up. PN, partial nephrectomy; RN, radical
nephrectomy; SD, standard deviation.

T1b RCC require additional consideration and investigation,
it seems clear that the functional outcome after PN is superior
to that after RN in patients with T1b RCC.
Another impact of postoperative renal function preservation is on cardiovascular risk and OS. Several studies [13,15]
show an advantage in OS for patients who underwent PN,
mainly attributed to the renal function preservation after
surgery. However, in a randomized trial by van Poppel et al.
[16], 10-year OS was greater in patients treated with RN
(81.1%) than in patients treated with PN (75.7%) (p=0.03).
They criticized the superior outcome of PN in other studies,
saying those results depend heavily on patient selection.
In the present study, postoperative renal function manifested
as eGFR was better preserved in the PN group, and the RN
group had more frequent new-onset postoperative CKD. The
OS rate was significantly higher in the PN group compared
with the RN group (p=0.003). While our study, in design,
may also fundamentally present results of careful patient
selection when choosing candidates for PN, neither has our
study shown that renal function following RN or PN signif-
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Fig. 3. Kaplan-Meier estimates of new-onset chronic kidney disease (CKD) rate for patients after partial nephrectomy (PN) or radical nephrectomy (RN) for T1b renal cell
carcinoma.

icantly affected OS. While we hypothesized that postoperative renal function may prognosticate OS, in multivariate
Cox regression analysis, postoperative eGFR was not associated with OS, despite a significant higher ratio of new-onset
of CKD in the RN group than the PN group. Also, there was
no significant prognostic factor for OS using the multivariate
Cox regression analysis.
The critical opinions and concerns of PN for RCC include
multifocality and microscopic satellite of RCC and incomplete tumor resection. Multifocality is a characteristic of RCC
and occurs in approximately 16% [17] and 47% [18] of RCC
patients in the form of a satellite lesion. However, the local
recurrence rate after PN for T1b RCC was 1% to 5.4%
[7,19,20], lower than the high rate of multifocality or microscopic satellite tumor lesions. Since the local recurrence rate
of PN for T1a RCC is 0%-10% [2,21], we suggest no significant increase in T1b RCC. Iizuka et al. [14] reported that, after
PN for T1a and T1b RCC, local recurrence rates were comparable, 5% and 1%, respectively (p=0.57). In the present
study, the local recurrence rate was 3%, similar to other studies.
PN for larger renal tumors can be technically challenging
and requires extensive experience, causing concerns of
higher perioperative complications and incomplete tumor
resection. The risk of perioperative complications with PN is
slightly higher than with RN. In a prospective, randomized
study, van Poppel et al. [16] reported that PN is associated
with increased hemorrhage (3.1% and 1.2%), urinary fistula
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(4.4% and 0%, p < 0.001) and re-operation due to side effects
(4.4% and 2.4%). In the present study, there was no significant difference in mean operative time, EBL or transfusion
rate, and the overall intraoperative complication rate was
similar between the groups.
Several studies have reported equivalent complication
rates between the PN and RN groups [6,16]. It has also been
suggested that complications of PN are minimized with
increasing experience [22,23]. The association of the PSM rate
and tumor size is still under debate. Generally, PSM is
suggested to increase with increasing tumor size. However,
Patard et al. [4] reported that the PSM rate was comparable
in small tumors and tumors larger than 4 cm. PSM after PN
for T1b RCC occurs in 0%-13.3% [13,24] of cases. Whether or
not PSM is a risk factor for tumor recurrence after PN, which
is still controversial, its impact on survival is limited [6,12].
Yossepowitch et al. [25] reported that patients with PSM
after PN were not at increased risk for local recurrence or
metastasis after a mean follow-up time of 3.4 years. PSM
rates after PN are reported differ by surgical approach and
tend to increase in minimally-invasive approaches (0.7%-4%
in laparoscopic approach, 3.9%-5.7% in robot-assisted
approach) compared to an open approach (0%-7%) [4,23]. In
the present study, PSM was 3%, and none of the patients
developed local or distant recurrence after a median followup of 37 months (19-45 months).
Since RN was established as a surgical treatment for RCC,
it has been the standard of care in treating RCC. During the
last decade, many urologic surgeons have been cautiously
performing PN for small renal tumors. Although the cutoff
of 4 cm in the treatment of RCC generated controversy after
T1 substratification was introduced in 2002, it has been validated by a number of studies showing differences between
T1a and T1b RCC in a 5-year CSS. However, emerging data
about PN for T1b RCC indicate that PN provides cancer control and survival comparable to RN [4,5]. The present study
is valuable in that it adds the evidence of feasibility of PN for
T1b RCC based on data that is evenly pair-matched and
includes both basic patient characteristics and tumor characteristics. Also, in the present study, both oncologic and functional outcomes were simultaneously compared between PN
and RN. It is important to evaluate the benefit of OS in the
patients treated with PN.
There are still several limitations of this study. Although
we conducted a pair-matched study and the data were
distributed evenly with regard to patient and tumor characteristics, it was nevertheless a retrospective design. To overcome the disadvantages of a retrospective study, patient
inclusion was tailored by propensity score matching. This
method is suggested as a way to overcome the effects of
observed covariates and allowing focus on the treatment
method. Through propensity score matching, studies may

overcome the difficulties of conducting large randomized
prospective studies where covariates other than the purposed outcome cannot be manipulated, and thus may introduce new bias if the sample size is not sufficiently large.
However, propensity score matching has its failings, as it
cannot compensate for unobserved covariates such as, in our
study, the lack of cause of death (except death from RCC)
and occurrence of cardiovascular events. Unidentified
potential confounders may have resulted in some early cases
of RN showing significant change on survival.

Conclusion
Our study suggests that PN shows similar CSS and PFS
compared with RN in T1b RCC in a pair-matched clinical
outcomes study. Furthermore, PN shows benefits in preservation of postoperative renal function and OS. Though there
are several limitations of the present study, our results
suggest additional support for the feasibility of PN in T1b
renal tumors. A large-scale prospective study is needed to
clarify the association of OS and postoperative renal function.
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Conditional Survival and Associated Prognostic Factors in
Patients with Upper Tract Urothelial Carcinoma after Radical
Nephroureterectomy: A Retrospective Study at a Single Institution
Purpose
The purpose of this study is to evaluate the changes of conditional survival (CS) probabilities
and to identify the prognostic parameters that significantly affect CS over time post-surgery
in upper tract urothelial carcinoma (UTUC) patients.
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Materials and Methods
A total of 330 patients were examined in the final analysis. Primary end point was conditional
cancer-specific survival (CSS), overall survival (OS), and intravesical recurrence-free survival
(IVRFS) after surgery. The Kaplan-Meier method was used for calculation of CS. Cox regression hazard ratio model was used to determine the predictors of CS.
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Results
UTUC patients who had already survived 5 years after radical nephroureterectomy had a
more favorable CS probability in all given survivorships compared to those with shorter survival times. Patients with unfavorable pathologic features showed a higher increment of
5-year conditional CSS and OS compared to their counterparts. For 5-year conditional CSS,
several factors, including high-grade tumor, lymphovascular invasion, and tumor location
showed significant association with risk elevation over time. Only age remained as a predictor of 5-year conditional OS with increased risk in all given survivorships. For 5-year IVRFS,
no variables remained as significant predictive factors over time after surgery.
Conclusion
Our study provides valuable information for practical survival estimation and relevant prognostic factors for patients with UTUC after surgery.

Introduction
Upper tract urothelial carcinoma (UTUC) is an uncommon
and heterogeneous disease with poor oncological outcomes
[1-3]. For patients with localized UTUC, radical nephroureterectomy (RNU) with bladder cuff excision is the definitive
treatment of choice [4]. In cases of advanced UTUC, neoadjuvant or adjuvant chemotherapy combined with RNU is
considered [5]. However, the role of systemic chemotherapy
│ http://www.e-crt.org │

Key words
Survival, Conditional variables, Transitional cell carcinoma,
Urinary tract, Urologic surgical procedures

remains unclear, requiring more concrete evidence from
prospective randomized clinical trials [6].
Considering the high risk of recurrence and progression
of UTUC, accurate prediction of patient prognosis is of great
value for patients as well as clinicians to improve risk stratification and clinical decision-making for further therapeutic
plans [7,8]. However, conventional survival prediction is calculated using data that includes patients who have already
died, and not exclusively patients who survived for an additional few years after initial assessment [9]. As patient progCopyright ⓒ 2016 by the Korean Cancer Association
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nosis changes over time with survivorship achieved beyond
primary treatment, standard survival estimation may be less
relevant for patients with particularly unfavorable prognoses
such as UTUC [10].
Conditional survival (CS) probability is the likelihood of
surviving for an additional duration after diagnosis or treatment of diseases, assuming an individual patient has already
survived for a specified time [11]. Valuable studies of CS
estimation for several malignancies, including lung, colorectal, ovarian, prostate, kidney, and bladder cancer have been
reported, providing highly accurate predictions of risk dynamics over time [11-14]. However, there is a dearth of evidence exploring the concept of CS in UTUC after RNU. Here,
we assessed the CS probability and relevant clinicopathological features of UTUC patients treated with RNU, and thus
described the predicting factors of a specific CS estimation
in these patients.

Materials and Methods
1. Study population
Clinical data of 374 UTUC patients who underwent RNU
between 1996 and 2010 at Seoul National University Hospital
were collected. There is a partial overlap of study samples in
our population and those previously reported by Ku et al.
[15]. Exclusion criteria were treatment with ureterectomy
(n=19), non-urothelial carcinoma in pathologic reports (n=3),
presence of distant metastasis at the time of diagnosis (n=10),
neoadjuvant chemotherapy (n=6), and incomplete data
(n=6). The following baseline clinical and pathologic variables of 330 patients were reviewed: age, sex, body mass
index (BMI), American Society of Anesthesiologists (ASA)
score, preoperative use of ureteroscopy, bladder cancer history, hydronephrosis, pathologic T stage, tumor grade, multifocality, tumor location, the presence of lymphovascular
invasion (LVI), surgical margin status, pathologic N stage,
and the status of adjuvant systemic chemotherapy. Conditional cancer-specific survival (CSS), overall survival (OS),
and intravesical recurrence-free survival (IVRFS) were our
primary benchmarks of interest. The Institutional Review
Board at our institution approved this study (H-1412-101634). Because the current study was conducted retrospectively, informed consent documents from the enrolled
patients were not required. During the entire study period,
patient information was anonymized or in de-identified status. All procedures associated with this study were performed according to the Declaration of Helsinki guidelines.
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2. Study design
RNU was performed using a bladder cuff excision according to routine surgical procedures, which are described elsewhere [16]. The type of surgery (open or laparoscopic) was
decided by the surgeon. For laparoscopic surgery, a transperitoneal approach was typically used for radical nephrectomy. Regardless of surgery type, the bladder cuff excision
was performed using the open extravesical technique with a
lower abdominal Gibson incision. The distal ureter was dissected down to its intramural portion, and the entire ureter
containing the orifice was completely removed. Lymph node
dissection was performed when clinically significant lymphadenopathy was detected on preoperative computed tomography and/or intraoperative examination.
For examination of the pathological features, surgical specimens were processed by routine protocol at our institution.
The specimens were fixed in formalin solution and embedded in paraffin blocks, which were prepared at 4 mm thickness on slides, followed by staining with hematoxylin and
eosin.
All slides were examined by well-trained urological-pathologists and the pathologic findings were recorded as official documentation. Pathologic T stage was determined
according to the 2009 American Joint Committee on Cancer
staging system [17]. The 2004 World Health Organization/
International Society of Urologic Pathology consensus classifications were used for tumor grading [18]. LVI was defined as the presence of tumor emboli within the vascular
endothelium, and multifocal tumors as tumors detected at
two or more different sites within the upper urinary tract.
Surgical margin positivity was described when cancer cells
were detected at the bladder cuffing sites in specimens.
The patients underwent routine examination with UTUC
every 3 to 4 months during the first 2 years after surgery. For
the following 2 years, patients were followed every 6 months,
and then checked annually thereafter. Medical history-taking, physical examination, routine laboratory tests, urine
cytology, cystoscopic examination, chest X-ray, and abdomino-pelvic computed tomographic scan were usually performed during the follow-up examination.
3. Statistical analysis
The concept of CS originates from conditional probability,
as suggested by Henson and Ries [19]. The Kaplan-Meier
estimate is typically used to calculate a specific CS probability using the following formula: CS("│#)=S("+#)/S(#),
where CS("│#) indicates the likelihood of additional " years
survivorship in the person who has already survived for #
years after initial diagnosis or treatment. S(!) is the actual
survival rate determined by the Kaplan-Meier analysis. The
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Table 1. Baseline characteristics
Variable

Table 1. Continued
No. (%) (n=330)

F/U duration,
58.70 (35.12-104.45)
median (interquartile range, mo)
Age, median (interquartile range, yr)
63.2 (56.5-70.4)
Sex
Male
262 (79.4)
Female
68 (20.6)
Body mass index,
24.4 (22.6-25.9)
median (interquartile range, kg/m2)
ASA scores
1
111 (34.5)
2
192 (59.6)
3
19 (5.9)
Preoperative urine cytology
Negative
161 (53.1)
Atypical cells
89 (29.3)
Malignant cells
54 (17.8)
Ureteroscopy
Not done
268 (81.2)
Done
62 (18.8)
Previous or concomitant bladder cancer
No
272 (82.4)
Yes
58 (17.6)
Hydronephrosis
No
178 (53.9)
Yes
152 (46.1)
Type of surgery
Open
250 (75.8)
Laparoscopic
80 (24.2)
Pathologic T stage
pTis
1 (0.3)
pTa
46 (13.9)
pT1
81 (24.5)
pT2
56 (17.0)
pT3
141 (42.7)
pT4
5 (1.5)
Tumor grade
Low grade
114 (34.5)
High grade
216 (65.5)
Concomitant CIS
Absent
294 (89.4)
Present
35 (10.6)
Multifocality
No
278 (84.2)
Yes
52 (15.8)
Tumor location
Renal pelvis
165 (50.0)
Ureter
120 (36.4)
Both
45 (13.6)
Presence of lymphovascular invasion
Absent
261 (79.1)
Present
69 (20.9)

Variable
Margin status
Negative
Positive
Pathologic N stage
pN0
pNx
pN1-3
Adjuvant chemotherapy
Not done
Done
Intravesical recurrence
Absent
Present
No. of deaths
Overall
Related to UTUCs

No. (%) (n=330)
313 (94.8)
17 (5.2)
40 (12.1)
276 (83.6)
14 (4.2)
245 (74.2)
85 (25.8)
203 (61.7)
126 (38.3)
122 (37.0)
89 (27.0)

F/U, follow-up; ASA, American Society of Anesthesiologists; CIS, carcinoma in situ; UTUC, upper tract urothelial
carcinoma.

Cox proportional hazards regression model was used to
determine the key predictors of CS after RNU in UTUC
patients. Significant parameters identified in the univariate
model were further examined using a backward stepwise
procedure, using a multivariate model. For performance of
stepwise procedures, the selection criterion was defined as
p < 0.05. All statistical analyses were performed using IBM
SPSS Statistics ver. 19.0 (IBM Co., Armonk, NY).

Results
The baseline characteristics of the patients are shown in
Table 1. The median follow-up period was 58.70 months
(interquartile range [IQR], 35.12 to 104.45). The median age
of patients was 63.2 (IQR, 56.5 to 70.4), and approximately
80% were male. Fifty-eight patients (17.6%) had a history of
previous or concomitant bladder cancer. Half of the patients
had UTUCs in the renal pelvis. In pathologic findings, the
proportion of advanced stage (pT3 and T4), high grade, and
node positivity was 44.2%, 65.5%, and 4.2%, respectively.
After surgical treatment, 85 individuals (25.8%) received
adjuvant chemotherapy. Of the entire study population, 126
patients (38.3%) experienced intravesical recurrence, and 122
patients (37.0%) died due to various causes while 89 patients
(27.0%) died from UTUCs during follow-up. Kaplan-Meier
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Fig. 1. Kaplan-Meier curves for cancer-specific survival (A), overall survival (B), and intravesical recurrence-free survival
(C) of patients with upper tract urothelial carcinoma after radical nephroureterectomy. The green lines indicate the actual
percent survival values, and the blue lines indicate the relevant 95% confidence interval.

curves were generated to illustrate CSS, OS, and IVRFS in
this population (Fig. 1).
We examined whether the CS probability changed due to
additional survival time after RNU. As shown in Supplementary Table 1, patients who had already survived 5 years after
RNU had the most favorable conditional CSS probability of
all given years, compared to those who survived less than 5
years (Fig. 2A). Considering survivorship from baseline to 5
years after surgery, the 5-year conditional CSS increased
gradually from 73.7% to 74.7%, 77.4%, 80.9%, 84.5%, and
90.4% each successive year by their survivorship, whereas
the actual survival rates decreased over time (Fig. 2B). Conditional OS rates also improved as the patients’ survivorship
increased after RNU (Supplementary Table 2). Of note, patients with 5-year survivorship showed the best conditional
OS rates in all estimated years, compared to those with poor
survivorship (Fig. 3A). Similar to the findings for CSS, the
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5-year conditional OS increased from 67.9% to 69.9%, 72.6%,
77.5%, 79.4%, and 83.0% each successive year, in all given
survivorships, while the actual survival rates diminished
with the progression of time (Fig. 3B). We also observed that
conditional IVRFS probabilities improved as the patients’
survival years increased after surgery (Supplementary
Table 3). Patients who had survived 5 years after surgery had
the highest conditional IVRFS rates in most estimated survival periods compared to those with shorter survival times
(Fig. 4A). In addition, the 5-year conditional IVRFS showed
a marked increase from 56.5% to 77.6%, 91.0%, 95.8%, 94.6%,
and 97.0% each successive year of survival, while the actual
IVRFS rates declined over time (Fig. 4B).
We assessed whether the significance of prognostic factors
were changed over time by survivorship after RNU. At baseline, well-known prognostic factors, including age, hydronephrosis, pathologic T stage, tumor grade, and lymph node
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Fig. 2. (A) The 5-year conditional cancer-specific survival (CSS) probabilities of patients with upper tract urothelial carcinoma
in 0-, 1-, 2-, 3-, 4-, and 5-year survivorship after radical nephroureterectomy (RNU). (B) The 5-year CSS probability (blue bar)
relative to actuarial survival rate (green bar) of patients with upper tract urothelial carcinoma after surgery.
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Fig. 3. (A) The 5-year conditional overall survival (OS) probabilities of patients with upper tract urothelial carcinoma in 0-,
1-, 2-, 3-, 4-, and 5-year survivorship after radical nephroureterectomy (RNU). (B) The 5-year OS probability (blue bar) relative
to actuarial survival rate (green bar) of patients with upper tract urothelial carcinoma after surgery.

(LN) status, were significantly predictive of 5-year CSS and
OS (Supplementary Tables 4 and 5). Tumor location and
grade remained as the significant prognostic factors for
5-year conditional CSS, regardless of survivorships, after
RNU. For 5-year conditional OS, age was consistently identified as a prognostic factor in all given years of survivorship.
Interestingly, patients with poor pathologic features, such as
advanced T stage (" pT3), high grade, LVI, and LN positivity,

showed higher increments of 5-year conditional CSS and OS
compared to their counterparts. For 5-year IVRFS, we found
that age, BMI, and bladder cancer history were only predictive at the time of surgery, and that only the presence of
hydronephrosis remained a significant predictive factor at
1- and 2-year of survival (Supplementary Table 6). However,
other clinicopathological variables were not predictive of
5-year IVRFS for any given periods of survival.
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Fig. 4. (A) The 5-year conditional intravesical recurrence-free survival (IVRFS) probabilities of patients with upper tract
urothelial carcinoma 0-, 1-, 2-, 3-, 4-, and 5-year survivorship after radical nephroureterectomy (RNU). (B) The 5-year overall
survival probability (blue bar) relative to actuarial survival rate (green bar) of upper tract urothelial carcinoma patients after
surgery.

Next, using multivariate analysis, we attempted to determine the key predictors for the 5-year conditional CSS, OS,
and IVRFS, considering 1-, 2-, 3-, 4-, and 5-year survivorships
after surgery. For 5-year conditional CSS, no significant predictors remained in all given survivorship range (Table 2).
However, tumor location was found to be a significant factor
for 5-year conditional CSS only beyond 2-year survivorship.
LVI positivity remained the key predictor in baseline, 1-, 2-,
3-, and 4-year survival times after surgery. These factors
tended to increase the hazard ratio (HR) over time. For the
5-year conditional OS, only age was distinguished as a significant predictor in all given survivorships with incremental
changes of HR as time progressed (Table 3). In addition, having a high-grade tumor was identified as the substantive predictor in baseline to 4-year survivorships after definitive
surgery. However, no significant predictive factors for 5-year
conditional IVRFS over time after RNU were identified using
multivariate analysis (Table 4).

Discussion
Accurate prediction of survival probabilities is a cornerstone of counseling regarding prognosis as well as planning
therapeutic strategies in cancer patients. Typically, survival
estimates have been reported as actuarial survival after
definitive therapy at the time of diagnosis or treatment. Due
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to its dependence on a single time-point, this method of prediction may only provide limited information on survival
outcomes [12,14]. However, clinicians should consider the
subsequent changes of survival probabilities over time after
initial assessment. In this regard, the concept of CS can provide useful and accurate information on risk changes as time
elapses after baseline survival prediction [20].
Although CS has been emerging as a clinically reliable predictor for survival probabilities in various malignancies,
there is a paucity of evidence in UTUC for the role of CS
estimation after surgical resection [11-14]. To date, only one
study has been reported, which provided multi-institutional
data from 3,544 patients who underwent RNU for UTUC
[10]. This study showed that CS of UTUC patients increased
with passage of time after surgery. Likewise, our results
showed that 5-year conditional CSS and OS increased gradually over time based on continued survival periods after
RNU. Accumulated survival time after surgery was critical
for improving CS estimates assuming unchanged total survival times. For example, patients who already survived
2 and 3 years after surgery showed CSS probabilities of 82.0%
and 87.5% at 3 and 2 years additional survivorships, respectively. Conversely, the typical estimate for 5-year CSS, calculated at the time of RNU, was only 73.7%. Of note, in the
study by Ploussard et al. [10] patients with high-stage cancer
showed much greater improvement of survival probabilities.
Our results also showed that 5-year conditional CSS and OS
probabilities increased markedly over time in patients with
poor pathologic findings, including high pathologic T stage

1.57 (0.92-2.70)
2.32 (1.21-4.47)
0.011
2.10 (1.23-3.57)
0.006
2.43 (1.18-5.02)
0.016
2.54 (1.50-4.28)
< 0.001
-

1.49 (0.90-2.47)
2.15 (1.17-3.92)
0.013
2.21 (1.33-3.65)
0.002
2.71 (1.71-4.29)
< 0.001
-

1 yr
2.08 (1.27-3.40)
0.003
-

Baseline
2.15 (1.37-3.34)
0.001
-

LVI, lymphovascular invasion; ACH, adjuvant chemotherapy.

Age (! 65 yr vs. < 65 yr)
p-value
Ureteroscopy (done vs. not done)
p-value
Location (vs. pelvis)
Ureter
Both
p-value
pT stage (! 3 vs. " 2)
p-value
Grade (high vs. low)
p-value
LVI (yes vs. no)
p-value
ACH (yes vs. no)
p-value

Variable

2.38 (1.34-4.21)
0.003
2.35 (1.09-5.04)
0.028
2.25 (1.21-3.19)
0.011
-

2.10 (1.21-3.65)
0.008
-

2 yr

1.67 (0.76-3.62)
4.46 (1.93-10.36)
< 0.001
2.49 (1.17-5.29)
0.017
-

2.17 (1.13-4.19)
0.021
-

3 yr

Hazard ratio (95% confidence interval)

1.66 (0.58-4.71)
3.91 (1.31-11.69)
0.015
3.75 (1.36-10.32)
0.010
-

2.67 (1.01-6.76)
0.038

4 yr

-

5 yr

2.19 (0.39-12.32)
32.80 (4.75-226.67)
< 0.001
10.25 (1.67-62.62)
0.012
0.09 (0.01-0.76)
0.028

Table 2. Multivariate Cox regression analysis of predictors for conditional 5-year cancer-specific survival from baseline to 5 years after surgery
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0.043
2.17 (1.41-3.34)
< 0.001
2.09 (1.21-3.61)
0.008
2.05 (1.28-3.28)
0.003
2.17 (1.08-4.33)
0.029

1.05 (0.67-1.63)
1.86 (1.13-3.06)
0.015
2.02 (1.32-3.08)
0.001
1.69 (1.01-2.84)
0.045
2.17 (1.42-3.30)
< 0.001
2.21 (1.19-4.07)
0.011

1 yr
2.71 (1.78-4.13)
< 0.001
1.63 (1.02-2.61)

Baseline
2.87 (1.93-4.26)
< 0.001
-

1.13 (0.67-1.87)
1.99 (1.11-3.56)
0.020
1.93 (1.18-3.15)
0.008
2.23 (1.26-3.97)
0.006
-

-

2.67 (1.69-4.21)
< 0.001
-

2 yr

1.15 (0.62-2.13)
2.74 (1.39-5.36)
0.003
3.41 (1.74-6.67)
< 0.001
-

-

2.72 (1.58-4.66)
< 0.001
-

3 yr

Hazard ratio (95% confidence interval)
4 yr

2.54 (1.24-5.21)
0.011
-

-

3.05 (1.61-5.79)
0.001
-

5 yr

1.53 (0.56-4.15)
5.45 (1.99-14.89)
0.001
-

-

5.31 (2.01-13.97)
0.001
-

BMI, body mass index (kg/m2).

Age (! 65 yr vs. < 65 yr)
p-value
BMI (> 25 vs. " 25)
p-value
Bladder cancer history
(positive vs. negative)
p-value
Hydronephrosis (yes vs. no)
p-value

Variable
2.04 (1.09-3.79)
0.025

0.021
-

1 yr

1.45 (1.02-2.07)
0.039
0.67 (0.46-0.97)
0.036
1.64 (1.08-2.50)

Baseline

3.32 (1.00-11.05)
0.050

-

2 yr

-

-

3 yr

Hazard ratio (95% confidence interval)

-

-

4 yr

-

-

5 yr

Table 4. Multivariate Cox regression analysis of predictors for conditional 5-year intravesical recurrence-free survival from baseline to 5 years after surgery

LVI, lymphovascular invasion.

Age (! 65 vs. < 65)
p-value
Bladder cancer history
(positive vs. negative)
p-value
Location (vs. pelvis)
Ureter
Both
p-value
pT stage (! 3 vs. " 2)
p-value
Grade (high vs. low)
p-value
LVI (yes vs. no)
p-value
Margin (positive vs. negative)
p-value

Variable

Table 3. Multivariate Cox regression analysis of predictors for conditional 5-year overall survival from baseline to 5 years after surgery
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and high grade. In fact, 5-year CSS increased approximately
6% from baseline (86.1%) to 5-year survivorship (91.2%) in
patients with low stage (pT1-2) cancer, while it increased
approximately 32% from baseline (57.1%) to 5-year survivorship (88.9%) in those with high stage (pT3-4) tumor.
Due to the high progression and recurrence rates of UTUC,
proper use of good prognostic parameters is required to
determine optimal therapeutic strategies [21]. Various prognostic markers of UTUC have been identified in recent
decades. Tumor stage, grade, and LN status are considered
the most important predictive factors of prognosis in these
patients [7,22]. Other pathologic predictors including carcinoma in situ and LVI, as well as several clinical factors such
as age, tumor location, concomitant bladder cancer, and presence of hydronephrosis, have also been identified as potential prognosticators of survival outcomes [7,22]. However,
considering CS, evidence that the effect of well-established
prognostic factors decreases over time has accumulated, as
determined by the diminished HR in multivariate analysis.
For example, in bladder cancer patients, pT3-4 stage was significantly predictive for overall mortality from the time of
baseline to 3 years after radical cystectomy [14]. Its HR
decreased from 2.10 to 1.25 as time elapsed, and it eventually
lost its statistical significance [14]. In UTUC, pT3-4 stage was
identified as the prognostic factor for cancer-specific and
overall CS, yet HR decreased from 4.0 to 1.7 for cancer-specific CS, as well as from 1.4 to 0.5 for overall CS [10]. Our
results also indicated that well-known prognostic factors
including pathologic T stage and tumor grade lost their
impact on 5-year conditional CSS after 2-year survivorship
post-surgery. For 5-year conditional OS, significance of
pathologic T stage was not sustained after 2-year survivorship. However, we found prognostic factors for 5-year CS
probabilities with HR increments over time. In particular, HR
of LVI on 5-year conditional CSS significantly increased from
2.71 at the time of surgery to 3.75 at 4 years after surgery. HR
of tumor location, whether ureter only or both pelvis and
ureter, showed significant increments from 1.49 to 2.19 and
from 2.15 to 32.80, respectively, for 5-year conditional CSS.
For 5-year conditional OS, only age remained a significant
predictor for all given survivorships. HR of age (" 65 years)
increased gradually from 2.87 at baseline to 5.31 at 5 years
after RNU, representing the significance of age on 5-year OS.
Therefore, we believe that careful observation as well as
proper adjuvant therapy during follow-up periods should
be considered for patients with poor prognostic factors for
5-year CS, particularly those showing increased HR over
time.
Like a previous report indicating that sex may not affect
cancer-control outcomes in patients with UTUC [23], our
results noted that patient’s sex was not associated with 5-year
CS in all given survivorships. Obesity is also a potential prog-

nostic factor of UTUC and has been associated with poor
oncological outcomes such as disease-free survival [24].
However, we did not find a significant relationship between
BMI and CS outcomes in this study. More interestingly, the
presence of preoperative hydronephrosis has recently been
suggested as the worst prognostic factor in UTUC patients
[25], and our study also showed poor 5-year conditional CSS
at baseline and 1-year survivorship after surgery for patients
with hydronephrosis. However, at 2-year survivorship onwards, there was no difference in 5-year conditional CSS
attributable to the presence of hydronephrosis. In addition,
hydronephrosis was not identified as the predictive factor
for 5-year CS in multivariate analysis. Instead, in patients
with tumors located at the ureter or both the ureter and
pelvis, high grade tumor and LVI tended to increase the risk
of cancer-related mortality. Given the limited number of our
study population, more convincing evidence is needed in
order to properly determine the role of these prognostic factors on the CS probabilities of UTUC patients.
We acknowledge several limitations in the current study.
This study was conducted retrospectively at a single tertiary
medical center. Thus, our results should be validated by
prospective and multi-center randomized clinical trials. Second, due to lack of data, not all potential prognostic factors,
such as smoking status, or the type of surgery (open vs.
laparoscopic) could be examined. Therefore, the impact of
these parameters on CS should be determined in subsequent
studies. Finally, we speculated that patients in better general
health condition might have received adjuvant chemotherapy selectively; therefore, the role of adjuvant chemotherapy
on CS probabilities remains to be determined.

Conclusion
In sum, 5-year conditional CSS, OS, and IVRFS increased
in tandem with survivorship in patients with UTUC after
RNU, while the actuarial survival rates decreased over time.
In addition, patients with poor pathologic characteristics
showed the highest increase of 5-year conditional CSS, OS,
and IVRFS probabilities compared to their counterparts.
Although there were no persistently significant prognostic
factors for 5-year conditional CSS after RNU, several variables including high grade, tumor location, and LVI were
largely associated with increment of risk over time. For
5-year conditional OS, only advanced age remained a significant predictive factor, with risk increasing in all given survivorships, and higher grade and tumor location tended to
elevate risk. Our study offers valuable information on CS and
its prognostic factors in UTUC patients after surgical treatVOLUME 48 NUMBER 2 APRIL 2016
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ment, and expands the current knowledge of risk stratification of these patients.
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Prognostic Value of Log Odds of Positive Lymph Nodes after Radical
Surgery Followed by Adjuvant Treatment in High-Risk Cervical Cancer

Purpose
The purpose of this study is to compare the prognostic efficacy of the number and location
of positive lymph nodes (LN), LN ratio (LNR), and log odds of positive LNs (LODDs) in highrisk cervical cancer treated with radical surgery and adjuvant treatment.
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Materials and Methods
Fifty high-risk patients who underwent radical hysterectomy and pelvic node dissection followed by adjuvant treatment were analyzed retrospectively. The patients had International
Federation of Gynecology and Obstetrics (FIGO) stage IA2-IIB. Upper LN is defined as common iliac or higher LN, and LNR is the ratio of positive LNs to harvested LNs. LODDs is log
odds between positive LNs and negative LNs. Radiotherapy was delivered to the whole
pelvis with median 50.4 Gy/28 Fx± to the para-aortic regions. Platinum-based chemotherapy was used in most patients (93%). The median follow-up duration was 80 months.
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Results
The 5-year disease-free survival (DFS) rate was 76.1%, and the overall survival (OS) rate
was 86.4%. Treatment failure occurred in 11 patients, and distant failure (DF) was the dominant pattern (90.9%). In univariate analysis, significantly lower DFS was observed in patients
with perineural invasion, ! 2 LN metastases, LNR ! 10%, upper LN metastasis, and
! –1.05 LODDs. In multivariate analysis, ! –1.05 LODDs was the only significant factor for
DFS (p=0.011). Of patients with LODDs ! –1.05, 40.9% experienced DF. LODDs was the
only significant prognostic factor for OS as well (p=0.006).
Conclusion
LODDs ! –1.05 was the only significant prognostic factor for both DFS and OS. In patients
with LODDs ! –1.05, intensified chemotherapy might be required, considering the high rate
of DF.

Introduction
Introduction of adjuvant treatment has led to improved
treatment outcomes in cervical cancer; however, 10%-20% of
patients still experience treatment failure after radical surgery followed by recommended adjuvant treatment [1-3].
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This recurrent disease has an unfavorable prognosis, with a
5-year survival rate of 35% [4]. Given the grave prognosis,
some researchers have evaluated the efficacy of consolidative
chemotherapy (CTx) after adjuvant treatment in patients
with high-risk factors such as lymph node (LN) status, parametrial (PM) invasion, bulky tumor, and resection margin
[5,6]. However, the role of consolidative CTx remains unclear
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in these patients [7,8]. Identification of patients who might
benefit from consolidative CTx after traditional adjuvant
treatment first requires predictive markers for high risk of
recurrence. However, unlike in the surgery-only treatment,
there is no established prognostic factor for patients treated
with radical hysterectomy followed by adjuvant treatment.
Underestimating the value of LN metastasis is a major
weakness of the staging system for cervical cancer. The
International Federation of Gynecology and Obstetrics
(FIGO) staging system does not consider LN status, while the
American Joint Committee on Cancer staging system simply
stratifies it as N0 or N1 [9]. However, estimating risk for
recurrence of other malignant solid tumors according to LN
status suggests that patient’s prognosis could be significantly
influenced by LN burden, such as the number, location, or
log odds of pathologic LNs. For example, Monk et al. [10]
reported on the difference in clinical prognosis between single LN metastasis and " 2 LN metastasis after radical hysterectomy followed by adjuvant radiotherapy (RT). Kidd et
al. [11], who studied LN staging by positron emission tomography, demonstrated that disease-free survival (DFS) could
be stratified by the most distant level of LN metastasis as
none, pelvic, para-aortic, or supraclavicular area (p < 0.001).
Demirci et al. [12] reported that the LN ratio (LNR) had clinical importance not only for overall survival (OS), but also
for local control and DFS after adjuvant treatment in FIGO
IB-II staged cervical cancer. More recently, the prognostic
impacts of log odds of positive LNs (LODDs), the log of odds
between number of positive LNs, and number of negative
LNs have been studied in gastrointestinal cancers. However,
the method for assessing LN status showing the most correlation with the prognosis for cervical cancer has not been
determined. Therefore, we compared the prognostic value of
various methods for assessing LN status, including simple
pathologic N stage, the location and number of positive LNs,
LNR, and LODDs in patients with high-risk cervical cancer
treated with radical surgery and adjuvant treatment, in order
to define subgroups at risk of high recurrence.

Materials and Methods
1. Patients
From a local database, consecutive 76 patients with histologically proven cervical cancer who had been referred for
postoperative RT after radical surgery from January 2004 to
June 2012 were identified. Ten patients who did not undergo
radical hysterectomy and pelvic LN dissection were excluded. Among 66 patients, only 50 patients with one or more

high risk factors, including tumor involvement at the surgical
margin, PM invasion, or LN metastasis, were included in the
analysis for homogeneity. Patients’ medical records were
reviewed for collection of data on demographics, clinicopathologic factors, treatment, and survival outcomes. Information collected included patients’ complete blood count,
including the differential and serum levels of tumor markers
before surgery. The location and number of metastatic LNs
were obtained from pathologic reports. According to the
location of positive LNs, LNs were classified as upper LNs
(common iliac LNs or higher) or lower LNs (below common
iliac LNs). The LNR was calculated as the number of pathologic LNs divided by the number of harvested LNs. LODDs
is defined as log((No. of positive LNs+0.5)/(No. of harvested
LNs–No.of postivie LNs+0.5)).
All patients were restaged according to FIGO 2008 staging
system [13]. Treatment-related complications were graded
using the Common Terminology Criteria for Adverse Events
ver. 4.03. This study was approved by our institutional
review board.
2. Treatment
All patients underwent radical hysterectomy with pelvic
LN dissection, with or without para-aortic LN sampling or
dissection at the discretion of the treating physician. Postoperative RT was delivered with megavoltage photons by a linear accelerator, using a traditional four-field technique
covering the whole pelvis. In six patients with microscopic
metastasis in the paraaortic area, radiation portals for the
paraaortic region were added. One patient with involvement
of the vaginal resection margin underwent intracavitary RT
to the vaginal stump with 15 Gy over five fractions. The
median total dose and fraction were 50.4 Gy (range, 50 to 55.8
Gy) and 28 fractions (range, 25 to 31 fractions).
CTx was provided concurrently to 43 patients, and no
patient underwent consolidative CTx after RT. Almost all
patients (93%, 40 of 43 patients) received platinum-based
CTx with median four cycles (range, 2 to 6 cycles). Paclitaxel/
carboplatin was most commonly used (16 patients), and cisplatin as a single agent was administered weekly in 11
patients. The other regimens were 5-fluorouracil/cisplatin (6
patients), gemcitabine/cisplatin (5 patients), docetaxel/
cyclophosphamide (3 patients), and paclitaxel/cisplatin
(2 patients). Concurrent CTx was omitted in seven patients,
because of poor performance or refusal.
3. Clinical endpoint and statistical analysis
The baseline for follow-up (BOF) was defined as the date
of pathologic diagnosis of cervical cancer. DFS was the
duration from BOF to the date of the most recent follow-up
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Table 1. Continued

Table 1. Clinical characteristics
Characteristic
Age, median (range, yr)
FIGO stage
1A2
1B1
1B2
2A1
2A2
2B
Histology
Squamous cell carcinoma
Adenocarcinoma
Mucinous adenocarcinoma
Adenosquamous carcinoma
Glassy cell carcinoma
Mucoepidermoid carcinoma
Deep stromal invasion (outer 1/3)
Negative
Positive
Parametrial extension
Negative
Positive
Bulky tumor (cm)
#4
>4
Lymphovascular invasion
Negative
Positive
Perineural invasion
Negative
Positive
Pathologic N stage
N0
N1
Upper lymph nodea) involvement
Negative
Positive
LN ratio (%)b)
< 10
" 10
Log odds of positive LNsc),
median (range)
" –1.05
< –1.05
Pretreatment NLR, median (range)
< 2.1
" 2.1
Adjuvant treatment
RT alone
CCRT
SCC, median (U/mL)
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No. (%)
51 (27 to 78)
2 (4.0)
24 (48.0)
10 (20.0)
9 (18.0)
1 (2.0)
4 (8.0)
38 (76.0)
7 (14.0)
2 (4.0)
1 (2.0)
1 (2.0)
1 (2.0)
6 (12.0)
35 (70.0)
20 (40.0)
30 (60.0)
21 (42.0)
29 (58.0)
11 (22.0)
39 (78.0)
43 (86.0)
7 (14.0)
12 (24.0)
38 (76.0)

Characteristic
CEA, median (ng/mL)

No. (%)
1.07 (

FIGO, International Federation of Gynecology and Obstetrics; LN, lymph node; NLR, neutrophil/lymphocyte ratio;
RT, radiotherapy; CCRT, concurrent chemoradiotherapy;
SCC, squamous cell carcinoma antigen; CEA, carcinoembryonic antigen. a)Upper lymph node: common iliac or
para-aortic lymph node, b)LN ratio: No. of pathologic
LNs/No. of total LNs harvested, c)Log odds of positive
LNs: log(No. of positive LNs/No. of negative LNs).

or the diagnosis date of recurrence. Recurrence was diagnosed through imaging studies; histologic confirmation was
not mandatory. Recurrences were classified as locoregional
failure (LRF) or distant failure (DF). LRF was defined as a
failure in the intrapelvic and para-aortic areas, while DF was
considered to be all relapses, except for LRF. OS was calculated from BOF to the date of the last follow-up or death. Survival data were collected through inquiries to the Resident
Registration of the Ministry of Security and Public Administration of Republic of Korea.
Statistical analysis was performed using SPSS ver. 18 (SPSS
Inc., Chicago, IL). DFS and OS curves were estimated using
the Kaplan-Meier method, and the effects of each variable on
survival were evaluated by log-rank tests. Multivariate
analysis was performed using the Cox proportional hazard
model with a backward conditional stepwise regression. The
cut-off point for LODDs was selected based on the results of
maximal chi-square method using R ver. 3.03. p-values of
less than 0.05 were considered statistically significant.

37 (74.0)
13 (26.0)
33 (66.0)
17 (34.0)
–1.15 (–2.09 to –0.2)
22 (44.0)
28 (56.0)
2.09 (0.72 to 18.89)
25 (50.0)
24 (48.0)
7 (14.0)
43 (86.0)
2.60 (

Results
Fifty patients with high-risk features were included and
analyzed in this study. Median age of patients at diagnosis
was 51 years (range, 27 to 78 years). Most patients (72%) were
in FIGO stage IA/B. The most common histology was squamous cell carcinoma (76%). Other histologies included adenocarcinoma (7 patients), mucinous adenocarcinoma (2),
adenosquamous carcinoma (1), glassy cell carcinoma (1), and
mucoepidermoid carcinoma (1). Twelve patients showed no
evidence of regional LN involvement. Other clinicopathologic factors are shown in Table 1.
The distribution of metastatic LNs in the 38 patients with
positive LNs is shown in Table 2. The median number of pos-
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Table 2. Distribution of metastatic lymph nodes (LNs) in patients with pN1 (n=38)
Distribution of pathologic LN
Pelvic node dissection

Total harvested node, median (range)
Pathologic node, median (range)
Obturator LN
External iliac LN
Internal iliac LN
Common iliac
Parametrial LN
Total harvested node, median (range)
Pathologic node, median (range)
Para-aortic LN

Para-aortic LN examination (n=13)

Table 3. Treatment toxicity
Toxicity
Acute
Gastrointestinal toxicity
Genitourinary toxicity
Neutropenia
Chronic
Lymphedema
Peripheral neuropathy
Urinary incontinence

Grade 1/2

Grade 3

Grade 4

24 (48)
10 (20)
13 (26)

4 (8)

14 (28)

18 (36)
5 (10)
2 (4)

-

-

Values are presented as number (%). Two patients underwent surgical intervention for adhesive ileus or vesicovaginal fistula.

itive LNs was two (range, 1 to 26), and involvement of obturator and external iliac LNs was most common. Thirteen patients (19.7%) had metastatic upper LNs, 12 common iliac
LNs, and six para-aortic LNs. Of these six patients, only one
had skip metastasis to para-aortic LN without involvement
of common iliac LNs. The median value of LODDs was –1.15.
Seventeen patients (34%) had " 10% LNRs, and 22 (44%)
" –1.05 of LODDs.
During the adjuvant treatment, the most common acute
complication was gastrointestinal toxicity (48%) followed by
neutropenia (36%) and genitourinary toxicity (20%). These
acute toxicities were resolved spontaneously within 3-4
months. Chronic lymphedema and peripheral neuropathy
were reported in 36% and 10%, respectively. Two patients
suffered from sustained urinary incontinence (Table 3).
1. Treatment failure
The median follow-up duration was 80 months (range, 6

No. (%)
30 (10-79)
2 (1-26)
19 (50.0)
15 (41.7)
12 (31.6)
12 (31.6)
3 (7.9)
6 (1-17)
1 (0-9)
7 (18.4)

to 123 months). The estimated 5-year LRF-free survival rate
was 89.5%, while the distant metastasis-free survival rate was
78.5%. Eleven patients (22%) experienced treatment failure.
DF was dominant, occurring in 10 cases. Six cases were DF
only, four were DF combined with LRF, and one was isolated
LRF. The lungs were the most common site of DF (4 of 10
patients). Four simultaneous LRFs occurred in the RT field:
the common iliac LN, paraaortic LN, bladder wall, and vaginal stump. These LRFs received at least 50.4 Gy, and up to
55.8 Gy were delivered to the para-aortic failure site by conventional fractionation. Isolated LRFs, which were not in the
RT field, occurred in the lower vagina, adjacent to the vulva.
Among the 11 patients with treatment failure, five died a
median of 10.6 months after failure. Two patients were still
alive and receiving salvage CTx at the most recent followup, and the others (isolated DF, 2 patients; isolated LRF, 1
patient) were successfully salvaged and had maintained a
state of no evidence of disease.
2. Analysis of DFS and OS
The 5-year DFS and OS rates were 76.1% and 86.4%,
respectively. In univariate analysis for DFS (Table 4), perineural invasion (p < 0.012), " 2 LN metastasis (p=0.030),
LNR " 10% (p=0.003), upper LN metastasis (p=0.002), and
" –1.05 LODDs (p < 0.001) (Fig. 1A) were statistically significant unfavorable factors for DFS. Among the methods used
for assessment of LN status, LODDs was the most powerful
indicator associated with DFS. Lymphovascular invasion
(LVI) and pN1 showed a trend toward poor DFS (LVI,
p=0.053; pN1, p=0.059). Regarding OS, LODDs again was the
only statistically significant prognostic factor (p=0.006) (Fig.
1B). Neither preoperative tumor markers nor the preoperative neutrophil/lymphocyte ratio was a prognostic parameter for DFS or OS.
Subgroup analyses were performed to determine whether
VOLUME 48 NUMBER 2 APRIL 2016
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Table 4. Univariate analysis for disease-free survival (DFS) and overall survival (OS)
Variable
Age (yr)
# 50
> 50
Histology
Squamous cell carcinoma
Others
Deep stromal invasion
Negative
Positive
Bulky tumor (cm)
#4
>4
Lymphovascular invasion
Negative
Positive
Parametrial invasion
Negative
Positive
Perineural invasion
Negative
Positive
Pathologic N stage
N0
N1
No. of LN invasion
<2
"2
Upper LNb) involvement
Negative
Positive
LN ratio (%)c)
< 10
" 10
Log odds of positive LNsd)
" –1.05
< –1.05
Pretreatment NLR
< 2.1
" 2.1
SCC
#2
>2

5-yr DFS (%)

p-valuea)

5-yr OS (%)

p-valuea)

78.0
74.1

0.831

91.4
82.5

0.460

74.3
83.3

0.718

85.0
91.7

0.724

100
69.0

0.149

100
83.4

0.311

78.6
74.5

0.686

82.4
88.7

0.700

100
69.1

0.053

100
82.2

0.157

89.1
67.3

0.084

95.0
79.8

0.195

82.2
38.1

0.012

87.0
83.3

0.801

100
69.6

0.059

100
83.0

0.197

90.0
59.6

0.030

87.0
83.3

0.801

88.2
46.2

0.002

90.8
75.0

0.197

89.7
52.3

0.003

92.8
75.3

0.092

54.2
96.4

< 0.001

71.5
100

0.006

74.0
83.3

0.646

85.8
86.8

0.875

87.8
72.1

0.145

93.8
82.3

0.256

LN, lymph node; NLR, neutrophil/lymphocyte ratio; SCC, squamous cell carcinoma antigen. a)p-value by log-rank test,
b)
Upper LN included common iliac or para-aortic lymph node, c)LN ratio: No. of pathologic LNs/No. of total LNs harvested,
d)
Log odds of positive LNs: log(No. of positive LNs/No. of negative LNs).

survival differences associated with LN status (number of
positive LNs, LNR, upper LN metastasis, and LODDs)
remained after separating patients with pN0 (Fig. 2). The
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DFS curves of patients with single LN metastasis, LNR
< 10%, and only lower pelvic LN metastasis did not differ
from those of patients with pN0. The DFS curve of patients
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A

B

1.0

1.0

LODDs < –1.05

LODDs < –1.05

0.8

0.6

LODDs ≥ –1.05

0.4
0.2
0

Overall survival

Disease-free survival

0.8

LODDs ≥ –1.05

0.6
0.4
0.2

0

12 24 36 48 60 72 84 96 108 120
Time (mo)

0

0

12 24 36 48 60 72 84 96 108 120
Time (mo)

Fig. 1. Disease-free survival (A) and overall survival (B) according to log odds of positive lymph nodes (LODDs).

with LODDs < –1.05 was almost the same as that of pN0
(Fig. 2A). Patients with LODDs " –1.05 (5-year, 93.8% vs.
54.2%; p=0.015) (Fig. 2A), upper LN metastasis (5-year, 83.1%
vs. 46.2%; p=0.023) (Fig. 2B), and LNR " 10% (5-year, 84.4%
vs. 52.3%; p=0.036) (Fig. 2C) had significantly shorter DFS
than those without these factors. Patients with " 2 LN metastasis also had shorter DFS than those with single LN metastasis, but the difference was not statistically significant
(5-year, 83.3% vs. 59.6%; p=0.204) (Fig. 2D).
Variables with statistical significance in univariate analysis
for DFS were included in multivariate analysis. In multivariate analysis, DFS was significantly affected by " –1.05
LODDs (p=0.011; hazard ratio, 0.069; 95% confidence interval, 0.01 to 0.54), which was the only significant prognostic
factor for DFS. The prognostic significance of location, " 2
LNs metastasis, and LNR disappeared after adjusting for
other factors.

Discussion
Our data show that patients with LODDs " –1.05 had significant risk for disease recurrence, specifically DF. Among
the various methods used for assessment of LN state, LODDs
was determined to be the strongest predictor of both recurrence and survival. However, other parameters related to LN
status also seem to be important prognostic factors in
patients with high risk cervical cancer as well as LODDs. The

traditional prognostic factors suggested by surgical series,
including bulky tumors, deep stromal invasion, resection
margin involvement, PM invasion, and pN stage, did not
predict the treatment outcomes in the current study. Their
clinical impact might be attenuated by the adjuvant treatment.
In most solid tumors, N stages are categorized according
to the number or region of pathologic LNs, which are well
correlated with prognosis in general. In this context, many
researchers have attempted to determine the clinical significance of nodal involvement of cervical cancer. For example,
Monk et al. [10] demonstrated that patients with two or more
positive LNs had a significantly lower survival rate after radical surgery followed by only postoperative RT (5-year OS,
55% vs. 79%; p=0.01). This unfavorable outcome was offset
by the addition of CTx (5-year OS, 75% vs. 83%; p=0.37). Tsai
et al. [5], who also reported the negative impact of two or
more LNs on survival after adjuvant RT, and pointed to the
significance of the location of positive LNs, categorized LNs
as lower and upper LNs and showed that metastasis to
upper LN was associated with a higher incidence of distant
metastasis (50% vs. 16%, p=0.03). In similar results, Takeda
et al. [14] reported that common iliac LNs significantly
affected survival (5-year OS, approximately 40% vs. 80%;
p=0.003) after adjuvant RT. When considering the hierarchical tendency of lymphatic spread in cervical cancer, the
involvement of upper pelvic LN may worsen patients’ treatment outcomes. However, in the current study, despite their
significance in univariate analysis, the importance of metastasis to " 2 LNs and upper LN disappeared in multivariate
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637

Cancer Res Treat. 2016;48(2):632-640

A

B

pN0

1.0

pN0

1.0

LODDs < –1.05

Upper LN (–)

0.8

0.6

Disease-free survival

Disease-free survival

0.8

LODDs ≥ –1.05

0.4
0.2
0

0.6
Upper LN (+)

0.4
0.2

0

0

12 24 36 48 60 72 84 96 108 120
Time (mo)

0

12 24 36 48 60 72 84 96 108 120
Time (mo)

C

D

pN0

1.0

pN0

1.0

LNR < 10 %

LN 1+

0.8

0.6

LNR ≥ 10 %

0.4
0.2
0

Disease-free survival

Disease-free survival

0.8

LN ≥ 2+

0.6
0.4
0.2

0

12 24 36 48 60 72 84 96 108 120
Time (mo)

0

0

12 24 36 48 60 72 84 96 108 120
Time (mo)

Fig. 2. Disease-free survival according to log odds of positive lymph nodes (LNs) (LODDs) (A), upper LN metastasis (B),
lymph node ratio (LNR) (C), and number of positive LNs (D).

analysis. This change might be due to the close correlation
between " 2 LNs or upper LN metastasis and LODDs " –1.05
(Fisher exact test, p < 0.001).
Polterauer et al. [15] suggested LN density as an independent prognostic factor for DFS (p=0.01) and OS (p=0.05). Their
definition of LN density was the same as the LNR in the current study, while the cut-off value was 10% based on a study
of esophageal cancer. Our results of univariate analysis also
showed a difference in DFS according to LNR. However, this
prognostic significance was not observed in multivariate
analysis, perhaps because of the close correlation of LNR to
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LODDs. All patients in the LNR " 10% group were also
included in the LODDs " –1.05 group (Fisher exact test,
p < 0.001). Both the study by Polterauer et al. [15] and the
current study were retrospective studies, which included a
small number of patients. Therefore, a large prospective
study is needed to address the significance of the LNR.
LODDs is not a familiar prognostic factor in cervical cancer. To the best of the authors’ knowledge, the prognostic
value of LODDs has not been tested in cervical cancer. The
efficacy of LODDs in gastric and colorectal cancer was
already reported in large scale studies and Wang et al. [16]

Jeanny Kwon, Prognostic Value of LODDs in High-Risk Cervical Cancer

demonstrated the prognostic superiority of LODDs to LNR.
LODDs is a parameter requiring complex calculation and is
less intuitive than LNR. However, LODDs’ strength lies in
their ability to discriminate patients with equal LNRs. In particular, Sun et al. [17] demonstrated that LODDs was still heterogeneous even though LNR was equal as 0 or 1. This
finding suggested the potential of LODDs to distinguish different prognosis among patients with the same N stage.
In the current study, among the methods used for assessment of LN status, LODDs was the most powerful indicator
associated with DFS. LODDs identified the subgroup that
had a prognosis similar to that of patients with pN0, despite
the presence of metastatic LNs (Fig. 2A). Patients with
LODDs " –1.05 also had decreased OS. In addition, among
22 patients with LODDs " –1.05, nine (40.9%) experienced
DF. Similarly, 90% of patients with DF had a value of LODDs
" –1.05. These findings suggest that patients with LODDs
" –1.05 might have a high risk of DF and, therefore, should
be considered for further systemic CTx.
In the current study, the majority of treatment failures
were DF, consistent with the findings of previous studies
reported in the literature [18,19]. No relationship was
observed between the RT field and the dose and recurrence
site, and the incidence of LRF was acceptably low. These
findings suggest that postoperative RT is delivered adequately. Further improvement of the outcomes might require
strengthening CTx, instead of RT. Identification of patients
at risk is important even after adjuvant RT or chemoradiotherapy. Kim et al. [20] proposed a nomogram for predicting
the risk of recurrence in early-stage patients (I-IIA) after radical surgery with or without adjuvant treatment. This model
is based on stage, number of pathologic LNs, PM invasion,
and depth of invasion. Using similar variables, the Korean
Radiation Oncology Group Study 13-03 more recently suggested a nomogram for prediction of OS after postoperative
treatment [21]. However, these models have employed wellknown traditional factors identified only through surgical
series. The newly emerging prognostic factors after completion of adjuvant treatment also need to be evaluated.

The current study has several limitations. First, many
inherent biases stem from its nature as a retrospective study.
Second, the number of patients studied might be not large
enough to support definite conclusions. There is a probability
that two or more LNs metastasis, upper LN involvement, or
LNR " 10% also has clinical significance in consideration of
statistical correlation of these parameters with LODDs.
Although LODDs was the most meaningful factor in the
result of multivariate analysis, it should be validated through
study comprising more patients. Finally, the study population contained adjuvant RT only groups in spite of high risk
features, which caused treatment heterogeneity. However,
conversely, this study population is more realistic than CCRT
alone in this clinical setting. The literature has dealt little with
LODDs as an important prognostic factor, thus this study is
the first to demonstrate the prognostic value of LODDs in
patients with cervical cancer.

Conclusion
In conclusion, LODDs " –1.05 is an independent prognostic
factor for DFS in high-risk patients who underwent radical
surgery followed by adjuvant treatment. OS also showed a
significant decrease in patients with LODDs " –1.05. Among
the various methods used for assessment of LN status,
LODDs was the most powerful predictor associated with
both recurrence and OS. Therefore, considering the high rate
of DF, intensified CTx might be required in patients with
LODDs " –1.05.
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This study was conducted to investigate the incidence and survival outcomes of second
primary cancers after the diagnosis of cervical cancer.
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Materials and Methods
Data from the Korea Central Cancer Registry between 1993 and 2010 were reviewed and
analyzed. Standardized incidence ratios (SIRs) of second primary cancers among women
with cervical cancer were analyzed. Kaplan-Meier survival curves were constructed for
cervical cancer patients with or without a second primary cancer.
Results
Among 72,805 women with cervical cancer, 2,678 (3.68%) developed a second primary
cancer within a mean follow-up period of 7.34 years. The overall SIR for a second cancer
was 1.08 (95% confidence interval, 1.04 to 1.12). The most frequent sites of second primary
cancers were the vagina, bone and joints, vulva, anus, bladder, lung and bronchus, corpus
uteri, and esophagus. However, the incidence rates of four second primary cancers (breast,
rectum, liver, and brain) were decreased. The 5-year and 10-year overall survival rates were
78.3% and 72.7% in all women with cervical cancer, and for women with a second primary
cancer, these rates were 83.2% and 65.5% from the onset of cervical cancer and 54.9%
and 46.7% from the onset of the second primary cancer, respectively.
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Conclusion
The incidence rates of second primary cancers were increased in women with cervical
cancer compared to the general population, with the exception of four decreasing cancers.
The 10-year overall survival rates were decreased in cervical cancer patients with a second
primary cancer.

Introduction
The incidence of cervical cancer has shown a continuous
decrease in developed countries, including Korea, however
the worldwide burden of cervical cancer remains critical
[1-4]. Most cervical cancer survivors face several challenging
issues after completion of their primary treatment [5]; in particular, second primary cancers have become a critical issue
for cervical cancer survivors as treatment outcomes have
│ http://www.e-crt.org │
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Second primary neoplasm, Cervix uteri, Neoplasms, Korean

improved [6].
A second primary cancer may be related not only to a
shared etiology but also to a late effect of treatment [7]. Treatments for cervical cancer have been continuously evolving,
leading to improvements in radiotherapy and surgery in
terms of instrumentation and minimally invasive surgical
approaches. Therefore, updated data on second primary cancers are needed to determine the order of priorities in health
care policy and post-treatment surveillance programs. Recent
reports on second primary cancers after treatment of cervical
Copyright ⓒ 2016 by the Korean Cancer Association
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cancer have focused on the increased risk of cancer [8]. However, premature ovarian failure due to treatment of cervical
cancer and the shared radiotherapy field has not been considered or adequately discussed, as this complication may
result in a decreased incidence of hormone-dependent cancers and pelvic tumors within the radiotherapy field. Poorer
survival outcomes in women with a second primary cancer
after the diagnosis and treatment of cervical cancer has been
documented [9], although additional investigation regarding
detailed survival outcomes according to the type of second
primary cancer and survival outcomes from the onset of the
second primary cancer is needed in order to obtain better
clinical information for such patients. Therefore, the objective
of this study was to investigate the incidence and survival
outcomes of second primary cancers after the diagnosis and
treatment of cervical cancer in a recent study cohort.

Materials and Methods
This study was approved by the Institutional Review
Board (NCC2014-0054). Data from the Korea Central Cancer
Registry from 1993 to 2010 identified 72,805 patients with
cervical cancer; patients within 2 months of their cervical
cancer diagnosis were excluded. To avoid potential confusion, secondary cervical and vaginal cancer cases within 5
years of the diagnosis of primary cervical cancer were
excluded. Standardized incidence ratios (SIRs) and the corresponding 95% confidence intervals (95% CIs) of second
primary cancers among women with cervical cancer were
analyzed to quantify the relative risk compared to women in
the general population. These SIRs were calculated by dividing the observed number of second cancers by the expected
number if the patients in the cohort demonstrated cancer
rates equivalent to those for individuals in the general
population. The number of person-years at risk (PYRs) was
defined from 2 months after the date of the cervical cancer
diagnosis to the date of death or the end date of this study,
whichever occurred first. For each initial cancer site grouping, the PYRs and observed cases of cancer were stratified
according to 5-year age groups and calendar year. Cancer
incidence rates were computed for each subsite of cancer and
according to age and calendar year, and multiplied by the
accumulated PYRs to estimate the expected number of subsequent cancers for each stratum. Kaplan-Meier survival
curves were calculated for cervical cancer patients with or
without a second cancer. Differences between groups were
assessed using a log-rank test. All of the statistical tests were
two-sided, and the significance was set at an alpha level of
0.05. The “MP-SIR” setting of SEER*Stat 8.1.2 was used for
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computation of the SIRs and their 95% CIs. Survival curves
were generated and log-rank tests were performed in Stata
ver. 11 (StataCorp., College Station, TX).

Results
A total of 72,805 women diagnosed with primary invasive
cervical cancer were evaluated for a mean follow-up period
of 7.34 years (Table 1). The mean age at initial diagnosis with
cervical cancer was 51.4 years, and the incidence of cervical
cancer diagnosis peaked between the ages of 40 to 59 years
(49.8%). Of the 72,805 women with cervical cancer, 2,678
women (3.68%) developed a second primary cancer; 0.16%
of the women with cervical cancer developed a third or
greater primary cancer (n=119). The mean interval from the
initial cervical cancer diagnosis to the second cancer diagnosis was 6.3 years, and the mean age at diagnosis with the
second primary cancer was 59.4 years. In women with second primary cancer, average age at diagnosis of cervical
cancer was higher and follow-up period was longer with
statistical significance (p < 0.05).
As shown in Table 2, the overall SIR for a second primary
cancer was 1.08 (95% CI, 1.04 to 1.12), and 1.15 (95% CI, 1.08
to 1.22) in women aged < 50 years and 1.14 (95% CI, 1.08 to
1.21) in women at < 60 months after diagnosis of the primary
cervical cancer. The most frequent sites of second primary
cancers that showed significantly higher SIRs for all women
were the vagina (9.36), bone and joints (2.70), vulva (2.58),
anus (2.42), bladder (2.38), lung and bronchus (2.13), corpus
uteri (1.91), and esophagus (1.86).
The risk of a second primary cancer was classified according to age at diagnosis with cervical cancer and follow-up
period. The risk of a second primary cancer in the bone and
joints (3.87), esophagus (2.61), and soft tissue (2.19) increased
significantly after a follow-up period " 60 months. A leadtime effect was identified for the thyroid, which showed an
increase before a follow-up period < 60 months (1.29) and a
decrease after a follow-up period " 60 months (0.88). The risk
of a second primary cancer of the vagina (11.6), corpus uteri
(3.00), bone and joints (2.76), anus (2.64), bladder (1.84), and
lung and bronchus (1.79) increased significantly in women
aged " 50 years.
In contrast, the incidence of a second primary cancer was
significantly decreased for breast (0.82), rectum and rectosigmoid junction (0.74), liver (0.64), and brain and central nervous system (0.54) cancers. Diverse patterns of reduction in
these second primary cancers were observed depending on
the type of cancer. The reduction in breast cancer as a second
primary cancer was consistent irrespective of the follow-up
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Table 1. Characteristics of patients with an initial cancer of the cervix according to the second primary cancers, 1993-2010
Characteristic

Only subsequent cancers

Only first cervical cancer

2,678 (100)
9.07±4.74
53.10±11.99

70,127 (100)
7.28±5.33
51.34±13.59

72,805 (100)
7.34±5.32
51.40±13.54

28 (1.05)
352 (13.14)
723 (27.00)
720 (26.89)
593 (22.14)
242 (9.04)
20 (0.75)
2,678 (3.68)
2,559 (3.51)
114 (0.16)
5 (0.01)
6.30±4.41
59.41±12.30

1,995 (2.84)
13,123 (18.71)
19,496 (27.80)
15,321 (21.85)
12,287 (17.52)
6,373 (9.09)
1,532 (2.18)
-

2,025 (2.78)
13,477 (18.51)
20,219 (27.77)
16,042 (22.03)
12,880 (17.69)
6,612 (9.08)
1,550 (2.13)
-

Women with cervical cancer
Follow-up (yr)a)
Age at diagnosis with cervical cancera)
No. of women by age at 1st primary cancer diagnosis (yr)a)
< 30
30-39
40-49
50-59
60-69
70-79
" 80
No. of women who developed a 2nd primary cancer
1st and 2nd cancers
1st, 2nd, and 3rd cancers
1st, 2nd, 3rd, and additional cancers
Interval between 1st and 2nd cancers (yr)
Age at diagnosis of 2nd cancer (yr)

Total

Values are presented as number (%) or mean±standard deviation. a)Significant at %=0.05.

period, but only for women aged < 50 years. Specifically, SIR
decreased significantly for women aged 40-49 years (0.77)
but did not reach statistical significance for women aged 5059 years (0.82) and 60-69 years (0.85). For rectal cancers and
rectosigmoid junction cancers (RSCs), the reduction in incidence was significant only for a follow-up period < 60
months in women aged " 50 years. The risk of liver cancer as
the second primary tumor was decreased for follow-up
periods " 60 months and in women aged " 50 years. Last, a
significant reduction in the incidence of a second primary
cancer in the brain and central nervous system was observed
in women aged " 50 years.
The 5-year and 10-year overall survival rates from the
onset of cervical cancer (Fig. 1A) were 78.3% and 72.7% in all
women with cervical cancer, respectively. Among all
women, significantly higher survival was observed in
patients aged < 50 years (p < 0.001); the 5-year and 10-year
overall survival rates were 86.8% and 84.4% for women aged
< 50 years and 78.3% and 61.2% for women aged " 50 years,
respectively. For women with a second primary cancer, the
5-year and 10-year overall survival rates (Fig. 1B) were 83.2%
and 65.5%, respectively. In these women, significantly higher
survival was observed in patients aged < 50 years (p < 0.001),
and the 5-year and 10-year overall survival rates were 88.6%
and 76.8% for women aged < 50 years and 83.2% and 57.8%
for women aged " 50 years, respectively. A higher 5-year
overall survival rate was observed in patients with a second
primary cancer, but the 10-year overall survival rate was
lower in patients with a second primary cancer (p < 0.001).

The 10-year survival rate sharply declined after diagnosis
with cervical cancer in the second primary cancer group
compared to the no second primary cancer group. The overall survival rates were 86.3% and 95.0% at 2 years, 78.1% and
83.2% at 5 years, and 73.1% and 65.5% at 10 years in the no
second primary cancer group and the second primary cancer
group, respectively (Fig. 2).
The 5-year and 10-year overall survival rates from the
onset of the second primary cancer (Fig. 3A) were 54.9% and
46.7% in patients with a second primary cancer, respectively.
Significantly higher survival was observed in women < 50
years (p < 0.001), and the 5-year and 10-year overall survival
rates were 71.7% and 67.5% for women aged < 50 years and
54.9% and 39.1% for women aged " 50 years, respectively.
Specifically, the 5-year and 10-year overall survival rates
from the onset of the second primary cancer (Fig. 3B) were
as follows: 83.8% and 75.4% for the breast, 56.1% and 53.6%
for the rectum, 21% and 21% for the liver, 23.2% and 18.4%
for the lung and bronchus, 46.9% and 36.9% for the bladder,
and 37.0% and 21.4% for the corpus uteri, respectively.

Discussion
In the current study, the incidence of a second primary
cancer after diagnosis and treatment of cervical cancer was
increased compared to the general population (SIR, 1.08),
VOLUME 48 NUMBER 2 APRIL 2016
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All subsequent cancers
Vagina
Bone, joints
Vulva
Anus, anal canal
Urinary bladder
Lung, bronchus
Tonsil
Corpus uteri
Esophagus
Eye, orbit
Lip
Soft tissue, including heart
Small intestine
Renal pelvis, other urinary
Non-Hodgkin lymphoma
Mouth
Leukaemia
Lymphatic, hematopoietic
Tongue
Nasopharynx
Kidney parenchyma
Thyroid
Ovary
Buccal cavity, pharynx
Gallbladder
Colon
Stomach
Bile ducts, other biliary
Myeloma
Melanoma of skin
Female breast
Larynx
Pancreas
Hodgkin lymphoma
Rectum, rectosigmoid junction

Location
a)

Total

1.08 (2,748/2,544.09)
9.36 (14/1.49)a)
2.70 (13/4.82)a)
2.58 (10/3.88)a)
2.42 (11/4.55)a)
2.38 (62/26.08)a)
2.13 (432/202.99)a)
2.00 (3/1.50)
1.91 (99/51.81)a)
1.86 (14/7.55)a)
1.55 (2/1.29)
1.53 (1/0.65)
1.52 (16/10.55)
1.43 (13/9.08)
1.34 (12/8.92)
1.21 (63/52.07)
1.16 (7/6.03)
1.14 (37/32.39)
1.13 (114/101.27)
1.10 (6/5.47)
1.09 (4/3.68)
1.04 (35/33.76)
1.03 (471/457.13)
1.00 (62/62.02)
0.97 (23/23.81)
0.96 (47/48.73)
0.95 (180/189.56)
0.92 (348/377.51)
0.86 (77/89.44)
0.83 (14/16.91)
0.82 (6/7.35)
0.82 (318/387.67)a)
0.82 (3/3.66)
0.80 (58/72.79)
0.75 (1/1.34)
0.74 (115/154.52)a)

SIR (O/E)
1.04-1.12
5.12-15.71
1.44-4.62
1.24-4.74
1.21-4.32
1.82-3.05
1.93-2.34
0.41-5.85
1.55-2.33
1.01-3.11
0.19-5.61
0.04-8.52
0.87-2.46
0.76-2.45
0.69-2.35
0.93-1.55
0.47-2.39
0.80-1.57
0.93-1.35
0.40-2.39
0.30-2.78
0.72-1.44
0.94-1.13
0.77-1.28
0.61-1.45
0.71-1.28
0.82-1.10
0.83-1.02
0.68-1.08
0.45-1.39
0.30-1.78
0.73-0.92
0.17-2.40
0.61-1.03
0.02-4.16
0.61-0.89

95% CI
a)

1.14 (1,203/1,054.11)
18.63 (23/1.23)a)
1.34 (3/2.23)
2.48 (4/1.61)
2.63 (5/1.90)
2.76 (10.88)a)
2.39 (196/82.13)a)
3.26 (2/0.61)
2.64 (57/21.55)a)
0.90 (3/3.33)
1.79 (1/0.56)
0.00 (0/0.27)
0.65 (3/4.60)
1.57 (6/3.82)
2.01 (7/3.49)
1.29 (28/21.74)
1.60 (4/2.51)
1.31 (19/14.50)
1.19 (51/42.88)
0.85 (2/2.35)
1.15 (2/1.74)
1.18 (16/13.52)
1.29 (218/169.53)a)
1.22 (34/27.90)
1.07 (11/10.32)
0.54 (11/20.38)a)
0.79 (58/73.08)
0.77 (127/165.75)a)
0.90 (33/36.54)
0.60 (4/6.69)
0.34 (1/2.98)
0.83 (142/170.29)a)
0.57 (1/1.77)
0.97 (28/28.92)
1.67 (1/0.60)
0.66 (42/63.52)a)

FU < 60 mo

SIR (O/E)
Age < 50 yr
a)

1.04 (1,545/1,489.98) 1.15 (1,138/990.06)
9.36 (14/1.49)a)
18.73 (14/0.75)a)
a)
3.87 (10/2.58)
2.61 (5/1.91)
2.65 (6/2.27)
5.12 (5/0.98)a)
2.26 (6/2.66)
1.74 (2/1.15)
2.10 (32/15.21)a)
5.45 (21/3.85)a)
a)
1.95 (236/120.86)
3.60 (138/38.37)a)
1.13 (1/0.88)
3.15 (2/0.63)
1.39 (42/30.26)a)
1.04 (30/28.80)
2.61 (11/4.22)a)
2.40 (3/1.25)
1.37 (1/0.73)
2.18 (1/0.46)
2.62 (1/0.38)
0.00 (0/0.08)
2.19 (13/5.95)a)
1.73 (7/4.04)
1.33 (7/5.26)
1.32 (3/2.28)
0.92 (5/5.44)
1.69 (2/1.19)
1.15 (35/30.33)
1.10 (19/17.22)
0.85 (3/3.52)
1.24 (2/1.61)
1.01 (18/17.89)
1.18 (14/11.83)
1.08 (63/58.40)
1.13 (37/32.66)
1.28 (4/3.12)
0.55 (1/1.82)
1.03 (2/1.94)
1.76 (3/1.70)
0.94 (19/20.24)
1.37 (15/10.98)
0.88 (253/287.59)a)
1.05 (315/299.88)
0.82 (28/34.13)
1.25 (36/28.70)
0.89 (12/13.49)
1.07 (9/8.44)
1.27 (36/28.35)
0.66 (5/7.52)
1.05 (122/116.49)
1.15 (53/45.99)
1.04 (221/211.76)
1.08 (109/100.58)
0.83 (44/52.90)
1.01 (13/12.91)
0.98 (10/10.22)
1.10 (4/3.65)
1.15 (5/4.36)
0.00 (0/2.10)
0.81 (176/217.38)a)
0.81 (201/249.27)a)
1.06 (2/1.89)
0.00 (0/0.55)
0.68 (30/43.87)a)
1.53 (16/10.48)
0.00 (0/0.74)
2.00 (1/0.50)
0.80 (73/91.00)
0.88 (36/41.02)

FU ! 60 mo

Table 2. Risk of second primary cancer by location after diagnosis and treatment of cervical cancer, 1993-2010

1.04 (1,610/1,554.02)
11.60 (23/1.98)a)
2.76 (8/2.90)a)
1.72 (5/2.90)
2.64 (9/3.41)a)
1.84 (41/22.23)a)
1.79 (294/164.63)a)
1.16 (1/0.86)
3.00 (69/23.01)a)
1.75 (11/6.29)
1.21 (1/0.83)
1.74 (1/0.57)
1.38 (9/6.51)
1.47 (10/6.80)
1.29 (10/7.74)
1.26 (44/34.85)
1.13 (5/4.42)
1.12 (23/20.57)
1.12 (77/68.62)
1.37 (5/3.65)
0.50 (1/1.98)
0.88 (20/22.78)
0.99 (156/157.25)
0.78 (26/33.32)
0.91 (14/15.37)
1.02 (42/41.21)
0.88 (127/143.58)
0.86 (239/276.92)a)
0.84 (64/76.53)
0.75 (10/13.26)
1.14 (6/5.24)
0.85 (117/138.40)
0.96 (3/3.11)
0.67 (42/62.31)a)
0.00 (0/0.84)
0.70 (79/113.50)a)

Age ! 50 yr
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SIR, standardized incidence ratio; O/E, ratio of observed number of second primary cancers to the number of expected cancers; CI, confidence interval; FU, followup. a)Significantly increased or decreased risk.

0.55 (51/92.34)a)
0.42 (6/14.32)a)
0.29 (1/3.40)
0.00 (0/2.85)
0.00 (0/0.65)
0.00 (0/0.28)
0.00 (0/0.22)
0.92 (28/30.41)
0.75 (6/7.96)
0.00 (0/1.14)
0.46 (1/2.18)
0.00 (0/0.27)
0.00 (0/0.06)
0.00 (0/0.10)
0.56 (38/68.40)
0.56 (7/12.41)
0.00 (0/2.50)
0.00 (0/2.83)
0.00 (0/0.51)
0.00 (0/0.21)
0.00 (0/0.17)
0.75 (41/54.34)
0.51 (5/9.87)
0.49 (1/2.04)
0.45 (1/2.20)
0.00 (0/0.40)
0.00 (0/0.13)
0.00 (0/0.14)
0.51-0.80
0.28-0.94
0.01-1.23
0.01-1.11
0.00-4.04
0.00-10.81
0.00-11.89
0.64 (79/122.74)
0.54 (12/22.28)a)
0.22 (1/4.54)
0.20 (1/5.03)
0.00 (0/0.91)
0.00 (0/0.34)
0.00 (0/0.31)
Liver
Brain, central, nervous system
Nose, nasal cavity, ear
Salivary gland
Hypopharynx
Kaposi sarcoma
Oropharynx

Location

Table 2. Continued

SIR (O/E)

a)

Total

95% CI

FU < 60 mo

FU ! 60 mo

a)

SIR (O/E)

Age < 50 yr

Age ! 50 yr
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which is consistent with several previous reports [6,8-15].
Further studies and strategies on the second primary cancer
after cervical cancer should be considered in terms of shared
etiology with cervical cancer or as a late effect of treatment
for cervical cancer. Well-known contributing factors for
cervical cancer include the human papillomavirus (HPV) and
smoking. In the current study, HPV-related cancers, including those of the vagina, vulva, or anus, and smoking-related
cancers, such as cancers of the lung and bronchus, bladder,
or esophagus cancer were increased. This finding was
consistent with previous study results and has been well
investigated [6,8-15].
Late effects of radiotherapy for second primary tumors
have recently been reported [7,8]. Radiotherapy increased
the risk of middle- and lower-portion stomach cancer (odds
ratio, 4.20) after a dose " 5 Gy for cervical cancer, according
to a study performed in five Western countries [7]. With any
radiotherapy for cervical cancer, the risk of stomach cancer
increases (SIR, 1.31) according to a collaborative study
between Europe and the United States [8]. However, in the
current study, the overall risk of stomach cancer after treatment for cervical cancer was not different from the risk in
healthy Korean women. This finding may be explained by
racial differences and the significantly higher incidence of
stomach cancer in Korea (fifth ranked cancer; estimated new
cases in 2013, 10,623; and age-standardized cancer incidence,
42.1/100,000) compared to the United States (the estimated
number of new cases in women in 2013 was 8,370), especially
considering that Korea has 1/6 the population of the United
Staes [1,2].
In the current study, four cancers showed decreased incidence after the diagnosis and treatment of cervical cancer,
including breast, rectum, liver, and brain cancers. First, the
incidence of breast cancer was significantly decreased after
the diagnosis and treatment of cervical cancer (SIR, 0.82; 95%
CI, 0.73 to 0.92). In the case of surgical treatment for cervical
cancer, oophorectomy may be incorporated with radical
hysterectomy, and ovarian function has been shown to fail
early after hysterectomy, even with ovarian preservation
[16]. In the case of radiotherapy for locally advanced cervical
cancer, the ovaries are ablated because they share the radiotherapy field with the pelvic lymph nodes [17]. After primary
treatment for cervical cancer, irrespective of the treatment
type, ovarian function deteriorates [16,17]. Therefore, the
observed decrease in the incidence of breast cancer as a
second primary cancer can likely be explained by decreased
ovarian cancer related to cervical cancer treatment. In particular, this reduction was limited to premenopausal women
(aged < 50 years) considering the median age of menopause
in Korean women but was independent of the follow-up
period [18]. Deteriorated ovarian function with cervical cancer treatment results in a trend of decreasing breast cancer
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Fig. 1. Survival outcomes from the onset of cervical cancer according to age at cervical cancer onset (age < 50 years vs. age
" 50 years) in all women with cervical cancer (A) and in women with a second primary cancer (B).

but this does not reach statistical significance.
The second type of second primary cancer found to show
a decreased incidence was rectal cancer and RSC. RSC decreased significantly until 5 years after the diagnosis and treatment of the initial cervical cancer (SIR, 0.66; 95% CI, 0.48 to
0.89), whereas at 5 years after the diagnosis and treatment of
cervical cancer, the preventive effect for RSC was no longer
identified (SIR, 0.80; 95% CI, 0.63 to 1.01). This finding may
be explained by the shared radiotherapy field that may cause
ablation of microscopic or early rectal cancer [19]. The rectosigmoid mucosa is known to be affected by radiotherapy
[19]. In contrast, the risk of rectal cancer showed a significant
increase (SIR, 1.90) after radiotherapy for cervical cancer in
women from Europe and the United States [8]. This result
might have been caused by the following issues. First, the
follow-up period after the diagnosis of cervical cancer was
not considered in that study [8], and the SIR might vary
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during different periods. Second, treatment outcomes after
radiotherapy for RSC greatly differ according to racial and
ethnic disparities among whites, Hispanics, and Asians [20].
Third, existence of racial disparities in terms of survival
outcomes for cervical cancer have been suggested, according
to the Surveillance, Epidemiology, and End Results (SEER)
Program data in the United States [21]. Therefore, these
differences may affect the pattern of second primary cancers
in cancer survivors because a second primary cancer can only
be identified in cancer survivors.
The third cancer found to have a decreased incidence was
liver cancer (SIR, 0.64; 95% CI, 0.51 to 0.80), and this decreasing effect was observed " 60 months after diagnosis with cervical cancer. It is difficult to intuitively explain the decreased
incidence of liver cancer after the diagnosis and treatment of
cervical cancer considering the nature of the treatment for
cervical cancer and the etiology of liver cancer. Common

Myong Cheol Lim, Primary Cancer after Cervical Cancer
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Fig. 2. Survival outcomes from the onset of cervical cancer according to age at cervical cancer onset (age < 50 years vs. age
" 50 years) in all women with only cervical cancer or in women with a second primary cancer.

causes of liver cancer include hepatitis, alcoholism, and aflatoxin [22]. Considering the etiology of liver cancer, a certain
percentage of liver cancers may be avoided and prevented
with the modification of health behaviors, and cancer survivors generally adopt good health behaviors [23]. Therefore,
the decreased incidence of liver cancer, especially " 60
months after the diagnosis of cervical cancer, could be
explained by the improved health behaviors in survivors
after the diagnosis and treatment of cervical cancer.
The fourth type of second primary cancer that showed a
decreased incidence was cancer of the brain and central nervous system (SIR, 0.54; 95% CI, 0.28 to 0.94). The entire expected and observed incidence was less than 25, with an SIR of
0.54 (12/22.28). Considering that a significant portion of
brain tumors are diagnosed based on imaging studies only,
some portion of brain tumors might be classified as brain
metastasis in women with a history of cervical cancer. Therefore, this finding should be confirmed in a larger population

study.
Poor survival outcomes for second primary cancers have
been well investigated [9], and the current study sought to
investigate these survival outcomes from a new perspective.
First, we found that the survival outcome was poorer among
cervical cancer patients with a second primary cancer compared to cervical cancer patients without a second primary
cancer, but only after 10 years or more since the diagnosis of
cervical cancer. This delay may be explained by the fact that
women with early mortality due to cervical cancer do not
have a chance to develop a second primary tumor. Second,
our study was the first to analyze survival outcomes after the
diagnosis of second primary cancer, and detailed survival
outcomes after the diagnosis of a second primary cancer
were described according to the type of second primary
cancer. This information will likely be helpful for discussions
with patients about survival outcomes and surveillance.
The main weakness of the current study was the limited
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Fig. 3. Survival outcomes from the onset of the second primary cancer according to age at cervical cancer onset (age < 50
years vs. age " 50 years) in women with second primary cancers (A) and at identified second primary cancer in the breast,
rectum, liver, lung and bronchus, bladder, and corpus uteri (B).

information on the type of cervical cancer treatment and
staging information, which were similar to the disadvantages
reported in previous studies [6,8-15]. Another limitation is
surveillance bias, which is caused by an effort to detect
second cancers in patients with primary cancer. That is, survival (78.3%) and follow-up (7.28 years) of patients initially
diagnosed with one primary cancer would be considerably
shorter because they could have a more distant stage than
patients diagnosed with second primary cancers (survival,
83.2%; follow-up, 9.07 years).

Conclusion
The incidence of a second primary cancer increased after
the diagnosis and treatment of cervical cancer, with an SIR
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of 1.08 (95% CI, 1.04 to 1.12). Among 72,805 women with
cervical cancer, 2,678 (3.68%) developed a second primary
cancer. HPV-, smoking-, and treatment-related cancers were
frequently identified in the vagina, bone and joints, vulva,
anus, bladder, lung and bronchus, corpus uteri, and esophagus. In contrast, the incidence rates of four types of second
primary cancers (breast, rectum and rectosigmoid junction,
liver, and brain and central nervous system) were significantly decreased. These results suggest the need for conduct
of further studies and continued cancer surveillance among
cervical cancer survivors. For women with cervical cancer,
the 10-year overall survival was poorer in cases with a second primary cancer.

Myong Cheol Lim, Primary Cancer after Cervical Cancer

Conflicts of Interest
Conflict of interest relevant to this article was not reported.

Acknowledgments
This study was supported by a National Cancer Center
Grant (NCC-1310220).

References
1. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA
Cancer J Clin. 2013;63:11-30.
2. Jung KW, Won YJ, Kong HJ, Oh CM, Seo HG, Lee JS. Prediction of cancer incidence and mortality in Korea, 2013. Cancer
Res Treat. 2013;45:15-21.
3. Forman D, de Martel C, Lacey CJ, Soerjomataram I, LortetTieulent J, Bruni L, et al. Global burden of human papillomavirus and related diseases. Vaccine. 2012;30 Suppl 5:F12-23.
4. Lim MC, Moon EK, Shin A, Jung KW, Won YJ, Seo SS, et al.
Incidence of cervical, endometrial, and ovarian cancer in
Korea, 1999-2010. J Gynecol Oncol. 2013;24:298-302.
5. Le Borgne G, Mercier M, Woronoff AS, Guizard AV, Abeilard
E, Caravati-Jouvenceaux A, et al. Quality of life in long-term
cervical cancer survivors: a population-based study. Gynecol
Oncol. 2013;129:222-8.
6. Kleinerman RA, Boice JD Jr, Storm HH, Sparen P, Andersen
A, Pukkala E, et al. Second primary cancer after treatment for
cervical cancer: an international cancer registries study. Cancer. 1995;76:442-52.
7. Kleinerman RA, Smith SA, Holowaty E, Hall P, Pukkala E,
Vaalavirta L, et al. Radiation dose and subsequent risk for
stomach cancer in long-term survivors of cervical cancer. Int J
Radiat Oncol Biol Phys. 2013;86:922-9.
8. Chaturvedi AK, Engels EA, Gilbert ES, Chen BE, Storm H,
Lynch CF, et al. Second cancers among 104,760 survivors of
cervical cancer: evaluation of long-term risk. J Natl Cancer
Inst. 2007;99:1634-43.
9. Chen CY, Lai CH, Lee KD, Huang SH, Dai YM, Chen MC. Risk
of second primary malignancies in women with cervical cancer: a population-based study in Taiwan over a 30-year period.
Gynecol Oncol. 2012;127:625-30.
10. Boice JD Jr, Blettner M, Kleinerman RA, Stovall M, Moloney
WC, Engholm G, et al. Radiation dose and leukemia risk in
patients treated for cancer of the cervix. J Natl Cancer Inst.
1987;79:1295-311.
11. Fisher G, Harlow SD, Schottenfeld D. Cumulative risk of second primary cancers in women with index primary cancers of
uterine cervix and incidence of lower anogenital tract cancers,
Michigan, 1985-1992. Gynecol Oncol. 1997;64:213-23.
12. Nakano T, Kato S, Ohno T, Tsujii H, Sato S, Fukuhisa K, et al.
Long-term results of high-dose rate intracavitary brachytherapy for squamous cell carcinoma of the uterine cervix. Cancer.
2005;103:92-101.

13. Ota T, Takeshima N, Tabata T, Hasumi K, Takizawa K. Treatment of squamous cell carcinoma of the uterine cervix with
radiation therapy alone: long-term survival, late complications, and incidence of second cancers. Br J Cancer. 2007;97:
1058-62.
14. Tominaga K, Koyama Y, Sasagawa M, Obata N, Kamata H,
Yamaguchi E, et al. A follow-up study of patients with cervical
cancer after resection, with special emphasis on the incidence
of second primary cancers. Gynecol Oncol. 1995;56:71-4.
15. Underwood JM, Rim SH, Fairley TL, Tai E, Stewart SL. Cervical cancer survivors at increased risk of subsequent tobaccorelated malignancies, United States 1992-2008. Cancer Causes
Control. 2012;23:1009-16.
16. Moorman PG, Myers ER, Schildkraut JM, Iversen ES, Wang F,
Warren N. Effect of hysterectomy with ovarian preservation
on ovarian function. Obstet Gynecol. 2011;118:1271-9.
17. Hwang JH, Yoo HJ, Park SH, Lim MC, Seo SS, Kang S, et al.
Association between the location of transposed ovary and
ovarian function in patients with uterine cervical cancer
treated with (postoperative or primary) pelvic radiotherapy.
Fertil Steril. 2012;97:1387-93.
18. Schildkraut JM, Cooper GS, Halabi S, Calingaert B, Hartge P,
Whittemore AS. Age at natural menopause and the risk of
epithelial ovarian cancer. Obstet Gynecol. 2001;98:85-90.
19. Kim TH, Kim JY, Sohn DK, Kim YJ, Lee YS, Moon SH, et al. A
prospective observational study with dose volume parameters
predicting rectosigmoidoscopic findings and late rectosigmoid
bleeding in patients with uterine cervical cancer treated by
definitive radiotherapy. Radiat Oncol. 2013;8:28.
20. Lee W, Nelson R, Akmal Y, Mailey B, McKenzie S, Artinyan
A, et al. Racial and ethnic disparities in outcomes with radiation therapy for rectal adenocarcinoma. Int J Colorectal Dis.
2012;27:737-49.
21. Rauh-Hain JA, Clemmer JT, Bradford LS, Clark RM, Growdon
WB, Goodman A, et al. Racial disparities in cervical cancer survival over time. Cancer. 2013;119:3644-52.
22. Shiraha H, Yamamoto K, Namba M. Human hepatocyte carcinogenesis (review). Int J Oncol. 2013;42:1133-8.
23. Oh MG, Han MA, Park J, Ryu SY, Park CY, Choi SW. Health
behaviors of cancer survivors: the Fourth Korea National
Health and Nutrition Examination Survey (KNHANES IV,
2007-09). Jpn J Clin Oncol. 2013;43:981-7.

VOLUME 48 NUMBER 2 APRIL 2016

649

pISSN 1598-2998, eISSN 2005-9256
http://dx.doi.org/10.4143/crt.2015.171

Cancer Res Treat. 2016;48(2):650-657

Open Access

Original Article

Radiation-Induced Sarcoma: A 15-Year Experience in a Single Large
Tertiary Referral Center

Kyung Su Kim, MD1
Ji Hyun Chang, MD2
Noorie Choi, MD1
Han-Soo Kim, MD, PhD3
Ilkyu Han, MD, PhD3
Kyung Chul Moon, MD, PhD4
Il Han Kim, MD, PhD1
Hak Jae Kim, MD, PhD1
1
Department of Radiation Oncology,
Seoul National University
College of Medicine, Seoul,
2
Department of Radiation Oncology,
Seoul St. Mary's Hospital,
College of Medicine,
The Catholic University of Korea, Seoul,
Departments of 3Orthopedic Surgery and
4
Pathology, Seoul National University
College of Medicine, Seoul, Korea

+ Correspondence:
+ + + + + + +Hak
+ +Jae+ Kim,
+ + MD,
+ + PhD
+++++
+ Department
+ + + + +of+Radiation
+ + + +Oncology,
+++++++++
+ + + +National
+ + + + + + + College
+ + + + Medicine,
+++++
+ Seoul
+ + + + + +University
+ + + + + + + of
++++++
+ 103
+ +Daehak-ro,
+ + + + Jongno-gu,
+ + + + +Seoul
+ +03080,
+ + +Korea
+++
+ Tel:
+ +82-2-2072-2520
+++++++++++++++++
+ Fax:
+ +82-2-765-3317
+++++++++++++++++
+ E-mail:
+ + + khjae@snu.ac.kr
++++++++++++++++
++++++++++++++++++++
+ Received
+ + + +May
+ +19,+ 2015
++++++++++++
+ Accepted
+ + + + August
+ + + 17,
+ +2015
++++++++++
+ Published
+ + + + Online
+ + + September
+ + + + +9, 2015
+++++++
++++++++++++++++++++
+ *+Kyung
+ + + +Kim
+ +and+ Ji+Hyun
+ + + + + contributed
+++++
+ equally
+ + + to+Suthis
+ +work.
+ + + + + +Chang
+++++++
++++++++++++++++++++

Purpose
The purpose of this study is to report on the incidence and the experience in management
of radiation-induced sarcoma (RIS) at a large single center in Korea for 15 years.
Materials and Methods
We retrospectively reviewed the sarcoma registry of a large institution from January 2000
to April 2014.
Results
Out of the 3,674 patients listed in the registry, 33 patients (0.9%) diagnosed with RIS were
identified. The median latency of RIS was 12.1 years. The number of cases of RIS increased
from four cases in the years 2000-2003 to 14 cases in the years 2012-2014. The most
common histology was osteosarcoma (36.4%). The median follow-up period was 23.1
months, the median overall survival (OS) of all patients was 2.9 years, and their 5-year survival rate was 44.7%. Univariate and multivariate analyses showed association of the age
at diagnosis (p=0.01) and the treatment aim (p=0.001) with the OS. The median OS and
the 5-year survival rate of patients treated with curative surgery (n=19) were 9.6 years and
65%, respectively, and of the conservatively treated patients, 0.7 years and 0% (n=14).
Re-irradiation was delivered to nine patients, and radiation toxicity was observed in five
patients.
Conclusion
In this study, RIS accounted for 0.9% of the cases of sarcoma, with increasing incidence.
Despite the association of curative resection with increased survival, it could be applied to
only 58% of the patients. Considering the limited treatment options for RIS, conduct of a
genetic study to identify the underlying mechanism of RIS is needed.

Introduction
Radiation-induced sarcoma (RIS) is a rare late event after
radiation therapy (RT), with a reported incidence of 0.03%0.2% in 5 years and overall up to 0.8% [1,2]. It is known to
have a worse prognosis than sporadic soft tissue sarcoma
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(STS), with a 5-year disease-specific survival (DSS) rate of
32%-58% in recent reports [3-5]. Gladdy et al. [3] reported
that RIS had a worse DSS than sporadic STS with a hazard
ratio of 1.7. Dineen et al. [6] also recently reported a lower
DSS of RIS than of sporadic STS.
Because RIS arises in the previously treated area, there are
many limitations in its management. The major limitation is
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Materials and Methods
After receiving institutional review board approval, we
retrospectively reviewed our institutional sarcoma registry
from January 2000 to April 2014. Out of the 3,674 patients in
the registry, we identified 33 patients who met the following
criteria for RIS, which were modifications of Cahan’s criteria:
(1) pathologic confirmation of sarcoma that was histologically unique from the primary cancer, (2) occurrence of the
sarcoma in the field of radiation, and (3) radiation exposure
at least 6 months before development of the sarcoma [9].
Medical records were reviewed for the patients’ age, sex,
primary cancer treatment, RIS characteristics, RIS treatment,
and follow-up data. The radiographic image of RIS and the
histopathology report were assessed for identification of the
tumor location, size, and histology. All available medical
records from the follow-up were reviewed for evaluation of
the disease status and toxicity. The toxicities from re-irradiation were evaluated using the Common Terminology Criteria for Adverse Events (CTCAE) ver. 4.0.
1. Statistical analysis
The overall survival rate was calculated from the time of
the RIS diagnosis until death. Actuarial survival curves were
plotted from the RIS diagnosis using the Kaplan-Meier
method. A p-value less than 0.05 was considered to indicate
a statistically significant difference. Analyses were performed using PASW ver. 18.0 (SPSS Inc., Chicago, IL).

Results
1. Patients and tumor characteristics
A total of 33 patients diagnosed with RIS were identified.
The number of cases increased from four cases in the years
2000-2003 to 14 cases in the years 2012-2014 with corresponding proportion of RIS among sarcoma patients of 0.5% to
1.6% (Fig. 1).
A list of the characteristics of the 33 patients is shown in
Table 1. Females accounted for 75.8% of the patients. The
median age at the primary radiotherapy was 44 years (range,
0 to 71 years). Three patients were treated before age 20 (for
bilateral retinoblastoma, Wilms’ tumor, and nasopharyngeal
cancer), and 20 patients were treated in their 40s and 50s. The
median age at the RIS diagnosis was 55 years (range, 22 to
85 years), and the median latency was 12.1 years (range, 1.9
to 28.8 years).
The most common type of primary cancer was breast cancer (n=9), followed by uterine cervical cancer (n=8), and head
and neck cancer (n=7). The median prescribed dose for primary RT was 50.4 Gy. All patients received a dose greater
than 45 Gy, with the exception of three patients with Wilms’
tumor, retinoblastoma, and lymphoma treated with 10.8 Gy,
36 Gy, and 30 Gy, respectively. Four patients underwent
intracavitary brachytherapy in addition to external-beam RT
for treatment of cervical cancer; 58% of patients underwent
chemotherapy as their primary cancer treatment.
RIS was located in the trunk in 75.8% of the cases, and in
the head and neck in 24.2%. The most common histology was
osteosarcoma (36.4%), followed by malignant fibrous histio-

Proportion of RIS among
all sarcoma patients (%)

that RIS has lower resectability than sporadic sarcomas. Thijssens et al. [7] emphasized the low possibility of curative
resection with data showing 62% R0 resection. In the study
by Neuhaus et al. [8], R0-1 resection was achieved in approximately 37% of the patients and was the only factor showing
significant correlation with the DSS. In addition, adjuvant RT
for RIS should be administered with caution because of the
higher risk of RT-related toxicities.
RT plays a critical role in the treatment of most cancers.
Therefore, concerns about RIS are emerging among cancer
survivors because the survival rate and the survival time
after cancer treatment are increasing as a result of advanced
treatments including the use of targeted agents.
Most studies of RIS in Asia are case reports, and significantly under-reported compared to western countries. RIS
patients tend to be referred to a large tertiary center because
of the surgical complexity, therefore we report herein the
incidence and experience in management of RIS at a single
large tertiary referral center for 15 years.

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0

14/865
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10/1,138
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Fig. 1. Incidence of radiation induced sarcoma in a tertiary referral center in Korea. Numbers in parentheses
denote the radiation-induced sarcoma (RIS) cases per all
sarcoma patients in given periods.
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cytoma (33.3%) and angiosarcoma (6.1%). The median tumor
size was 4.8 cm (range, 1.5 to 12.5 cm), and tumors were
located deep in the muscle fascia in 27 cases (81.8%).

Table 1. Characteristics of patients and radiation-induced
sarcoma (RIS)

2. Treatment of RIS and outcome

Sex
Male
8 (24.2)
Female
25 (75.8)
Age at primary radiotherapy, median (range, yr)
44 (0-71)
0-19
3 (9.1)
20-39
6 (18.2)
40-59
20 (60.6)
" 60
4 (12.1)
Age at diagnosis of RIS, median (range, yr)
55 (22-85)
Latency, median (range, yr)
12.1 (1.9-28.8)
Primary tumor
Breast ca.
9 (27.3)
Cervical ca.
8 (24.2)
Rectal ca.
5 (15.2)
Head and neck ca.
7 (21.2)
Retinoblastoma
1 (3.0)
Craniopharyngioma
1 (3.0)
Lymphoma (DLBC, spine)
1 (3.0)
Wilms’ tumor
1 (3.0)
Radiation dose (Gy)
< 20
1 (3.0)
20-40
2 (6.0)
40-60
17 (51.5)
13 (39.4)
" 60a)
Chemotherapy for primary cancer
Yes
21 (63.3)
No
12 (36.7)
RIS location
Trunk
25 (75.8)
Head and neck
8 (24.2)
RIS histology
Osteosarcoma
12 (36.4)
MFH
11 (33.3)
Angiosarcoma
2 (6.1)
Chondrosarcoma
1 (3.0)
Endometrial stromal sarcoma
1 (3.0)
Low-grade fibromyxoid sarcoma
1 (3.0)
Myxofibrosarcoma
1 (3.0)
Myxoid liposarcoma
1 (3.0)
Undifferentiated sarcoma
1 (3.0)
Sarcoma unspecified
1 (3.0)
Tumor size, median (range, cm)
4.8 (1.5-12.5)
Tumor depth
Deep
27 (81.8)
Superficial
6 (18.2)

The median follow-up period was 23.1 months (range, 2.2
to 174.8 months). Nineteen patients underwent surgery with
curative intent, while 14 patients were treated conservatively.
A list of the details of the treatment of 19 patients with curative surgery is shown in Table 2. R0 resection was achieved,
except in one patient. Four patients underwent neo-adjuvant
chemotherapy, and six patients, adjuvant chemotherapy.
One patient diagnosed with malignant histiocytoma in the
mandible underwent adjuvant RT. The median overall survival period of all patients was 2.9 years, and their 5-year survival rate was 44.7%. In univariate and multivariate analyses,
the age at diagnosis and the treatment aim showed association with the overall survival (Table 3). The median duration
of the overall survival period and the 5-year survival rate of
patients treated with curative surgery were 9.6 years and
65%, respectively, and that of the conservatively treated
patients, 0.7 years and 0% (p=0.001) (Fig. 2).
The treatment outcomes are summarized in Fig. 3. Out of
the 19 patients treated with curative resection, local recurrence occurred in nine patients (47%), and distant metastasis,
in seven patients (37%).
3. Re-irradiation and toxicity
Nine patients underwent re-irradiation for various intents.
Four patients were misdiagnosed with bone metastasis from
their primary tumor and underwent palliative RT before
biopsy. Three patients underwent palliative radiotherapy,
one patient was treated with gamma knife surgery of the
recurred mass, and one patient underwent adjuvant RT after
curative surgery. Five patients, including the familial
retinoblastoma patient who developed grade 4 skin necrosis
after re-irradiation, showed radiation toxicity after re-irradiation (Table 4).

Discussion
To the best of our knowledge, this is the first study reporting on the incidence and survival of RIS in Asia in a significant number of patients. Our data showed that, although
rare, the number of patients diagnosed with RIS in our institution is consistently increasing with time. This may be due
to the significant increase of RT usage in cancer therapy in
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Characteristic

No. (%)

RIS, radiation induced sarcoma; DLBC, diffuse large B
cell; MFH, malignant histiocytoma. a)Four patients
received intracavitary brachytherapy in addition to external-beam radiation therapy for treatment of cervical cancer.

F
F
F
F

F

F
F
F
F

F
F

M
M

M
F

F
M
F

2
3
4
5

6

7
8
9
10

11
12

13
14

15
16

17
18
19

41
53
50

17
53

55
37

44
67

45
40
49
52

48

44
51
30
40

34

Age at
primary RT (yr)

13.2
10.8
1.9

14.6
10.2

13.3
26

17.6
8.4

26.9
14.9
13.2
6.7

4.8

5.7
7.7
13.1
8.2

9.7

Duration
to RIS (yr)

Nasopharynx ca.
Nasopharynx ca.
(ACC)
Craniopharyngioma
Parotid ca. (ACC)
Lymphoma
(DLBC, trunk)

Rectal ca.
Rectal ca.

Cervical ca.
Rectal ca.

Cervical ca.
Cervical ca.
Cervical ca.
Cervical ca.

Breast ca.

Breast ca.
Breast ca.
Breast ca.
Breast ca.

Breast ca.

Primary
tumor

MFH
MFH
Fibromyxoid
sarcoma

OSA
OSA

OSA
MFH

OSA
OSA
MFH
Myxoid
liposarcoma
MFH
MFH

MFH

Angiosarcoma
Angiosarcoma
OSA
Chondrosarcoma

OSA

RIS
histology

5,440
7,040
3,000

7,020
6,000

5,040
5,040

5,040
5,400

5,040
5,040
6,040+ICR
5,040+ICR

5,040

6,100
5,940
4,680
6,600

6,040

Initial RT
dose (cGy)

CTx+Op
Op+RT
Op

Op+CTx
Op+CTx

Op+CTx
Op

CTx+Op
Op

Op+CTx
CTx+Op
RT+Op
Op

Op

Op+CTx
Op
Op
Op

RT+CTx+Op+CTx

RIS
treatment

R0
R0
R0

R0
R0

R0
R0

R0
R0

R0
R0
R0
R0

R0

R0
R0
R1
R0

R0

RM

Death
Alive
Alive

Alive
Alive

Death
Death

Alive
Death

Alive
Alive
Alive
Alive

Alive

Alive
Death
Death
Alive

Death

Survival status at
last follow-up

DM after 15 mo
NED with wound
complication
DM after 10 mo
LR after 21 mo and
DM after 29 mo
NED
LR after 14 mo and
DM after 24 mo
NED with 10 yr survival
DM after 10 mo
NED

NED with 10 yr
survival
LR after 10 mo
LR after 4 mo
LR after 6 mo
LR after 3 mo and
DM after 3 mo
LR after 13 mo and
DM after 13 mo
NED
NED
LR after 15 mo
LR after 12 mo

Disease
status

RT, radiotherapy; RM, resection margin; F, female; ca., cancer; OSA, osteosarcoma; CTx, chemotherapy; Op, operation; NED, no evidence of disease; LR, local
recurrence; DM, distant metastasis; MFH, malignant histiocytoma; ICR, intracavitary radiotherapy; M, male; ACC, adenoid cystic carcinoma; DLBC, diffuse large
B cell.

F

1

No. Sex

Table 2. Patients treated with curative intent for radiation-induced sarcoma (RIS)
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Table 3. Univariate and multivariate analyses for overall survival
Characteristic
Sex
Male
Female
Age at primary radiotherapy, median (yr)
# 44
> 44
Age at diagnosis of RIS, median (yr)
# 55
> 55
Latency, median
# 12
> 12
Chemotherapy for primary cancer
Yes
No
RIS location
Trunk
Head and neck
RIS histology
MFH
Osteosarcoma
Others
Tumor size (cm)
#5
>5
Tumor depth
Deep
Superficial
Treatment
Curative
Palliation

Median
survival (mo)

p-valuea)
(univariate)

p-valueb)
(multivariate)

8
25

28.4
23.1

0.601

0.204

17
16

34.9
23.1

0.886

-

18
15

115.2
23.1

0.218

0.010c)

16
17

115.2
23.3

0.233

0.176

21
12

34.9
28.4

0.704

-

25
8

34.9
14.8

0.613

0.865

11
12
10

124.0
23.3
14.8

0.121

0.376

19
14

34.9
23.3

0.858

0.284

27
6

22.2
34.9

0.980

0.320

19
14

115.2
8.0

0.001

0.001c)

No.

RIS, radiation induced sarcoma; MFH, malignant histiocytoma. a)Log-rank test, b)Cox regression analysis, c)Statistically significant.

South Korea since the first Cobalt-60 teletherapy installation
in 1963. Patients undergoing RT increased from 22,000 in
1999 to 52,000 in 2011 [10]. The increased survival time of
cancer patients could also be attributed to the increasing
incidence of RIS.
RIS is known to have a worse prognosis than sporadic STS.
Bjerkehagen et al. [5] investigated the question of whether or
not a previous RT history is a worse prognosticator. In their
analysis, a previous RT history was not a prognostic factor,
but unlike sporadic STS, RIS tended to occur in a central
location and to be associated with incomplete surgery, which
are known poor prognosticators in sarcoma. As Cha et al.
[11] stated, previous RT might obscure the anatomic and
tumor planes, which might make radical resection challeng-
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ing. Consistently in our data, only 57.6% of the patients could
be treated with curative intent, and the survival outcome differed significantly according to the treatment aim.
In addition, the adjuvant RT for RIS is limited by the concern for possible complications regarding re-irradiation,
which can hinder optimal RIS management. An adjuvant RT
of 42-63 Gy is known to reduce local recurrence of STS after
conservative surgery [12,13]. However, as shown in this
study, RT for RIS results in a high rate of RT-related complications, which is inevitable in high-dose regions. Due to the
rarity and the histologic diversity within RIS, it is difficult to
analyze the efficacy of secondary adjuvant RT after curative
resection of RIS. Extrapolating from sporadic STS, adjuvant
RT should also be performed for RIS, but care is required in

Kyung Su Kim, Radiation-Induced Sarcoma: A 15-Year Experience

1.0

p=0.001

Survival probability

0.8

0.6

Patients with curative surgery (n=19)

0.4

All patients (n=33)

0.2
Patients with palliative treatment (n=14)

0

0

2

4
6
Time (yr)

8

10

Fig. 2. Overall survival of patients with radiation induced
sarcoma.

the process of consultation with the patient, RT planning,
and prescription of the RT dose. Also, high-precision RT
techniques with increased conformality, such as intensitymodulated radiation therapy (IMRT), should be used in such
re-irradiation cases to minimize the toxicity.
The question of whether or not the use of IMRT, stereotactic body radiation therapy, or proton therapy would reduce
RIS incidence is yet to be determined. From the follow-up
observation data on atomic bomb survivors who showed no
excess of sarcoma after exposure to radiation of a few Gy, we

acknowledge that RIS is less likely to arise in very low-dose
regions, and more likely to arise in intermediate- to highdose regions of above 5 Gy, with some evidence of a doseresponse relationship [14,15]. However, as studies regarding
RIS, including this study, lack data on the initial dose prescribed for the RIS lesion due to the loss or incompleteness
of the topographic primary RT planning information, accurate dose-incidence evaluation is limited. Increased conformality with high-precision RT techniques would reduce the
high-dose region, but integral doses in irradiated regions can
be increased. In this context, Hall and Wuu [16] insisted that
IMRT would double the incidence of secondary malignancy.
On the contrary, in a risk estimation study, IMRT or proton
therapy did not increase the risk of secondary cancer, but it
was assumed that proton therapy reduced the incidence [17].
These findings should be demonstrated by clinical data in
future studies.
In this study, four RIS patients misdiagnosed with bone
metastasis underwent palliative RT before the biopsy, which
is not an optimal treatment for RIS. Although rare, the possibility of RIS must be considered when malignancy is suspected in the previously irradiated region, and pathologic
confirmation must be considered before the treatment.
In this respect, identifying predisposing factors for development of RIS could be of clinical concern. In the US Surveillance, Epidemiology and End Results analysis by Berrington
de Gonzalez et al. [14], a higher standardized incidence ratio
for subsequent primary sarcoma was observed for patients
treated at a younger age than those treated at older ages. In
addition, several studies reported multiplicative effects of
radiotherapy and chemotherapy for the subsequent risk of
sarcoma [18-21]. However, there is a limitation in explaining
the occurrence of RIS with these clinical factors giving way

Sarcoma patients
evaluated (n=3,674)
Radiation-induced
sarcoma (n=33)

Conservative
management (n=14)

NED (n=7)

Curative
resection (n=19)

Local recurrence
only (n=5)

Distant metastasis
only (n=3)

Both (n=4)

Fig. 3. Summary of treatment outcome of patients with radiation-induced sarcoma. NED, no evidence of disease.
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RT, radiotherapy; RIS, radiation-induced sarcoma; F, female; 3D, three-dimensional conformal radiation therapy; Gr, grade; ca., cancer; M, male; IMRT, intensitymodulated radiation therapy; GKS, gamma knife surgery; ICR, intracavitary radiotherapy.

RT before diagnosis
Salvage radiosurgery
Adjuvant RT
RT before diagnosis
Palliative RT
RT before diagnosis
Palliative RT
4.4
10.2
10.8
5.8
20.2
13.2
19.1
3
4
5
6
7
8
9

M
F
M
F
F
F
F

47
53
53
48
57
41
3

Rectal ca.
Nasopharyngeal ca.
Parotid ca.
Breast ca.
Nasal cavity ca.
Cervical ca.
Wilms’ tumor

Pelvis
Skull base
Mandible
Chest wall
Nasal cavity
Pelvis
Pelvis

5,000
6,000
7,040
5,040
5,940
6,040+ICR
1,080

50 Gy/25 Fx
8 Gy at 50% X3
61.2 Gy/34 Fx
12.5 Gy/5 Fx
45 Gy/15 Fx
30 Gy/10 Fx
39 Gy/13 Fx

IMRT
GKS
3D
3D
3D
3D
3D

Gr 4 skin necrosis
Gr 3 wound complication,
Gr 2 neuropathy
Gr 2 neuropathy
Gr 2 cranial neuropathy
Carotid artery stenosis
3D
Cyberknife
45 Gy/15 Fx
39 Gy/3 Fx
Palliative RT
RT before diagnosis
3,600
6,040
Skull base
Clavicle
28.8
9.7
1
2

F
F

0
34

Retinoblastoma
Breast ca.

Radiation for RIS
Initial RT
dose (cGy)
Site
Primary cancer
Duration
to RIS (yr)
Age at primary
RT (yr)
No. Sex

Table 4. Characteristics and outcome of patients with re-irradiation

Dose

RT technique

Toxicity

Cancer Res Treat. 2016;48(2):650-657

to the idea of possible genetic predisposition of a patient for
development of RIS. Cha et al. [11] pointed out that in the
early 2000s, there was no molecular or pathological marker
that was helpful in accurately distinguishing RIS from spontaneous sarcoma, and little has changed since then. A study
by Kacker et al. [22] found that MYC gene amplification was
prevalent in RIS. On the other hand, the study by Kadouri et
al. [1], investigating the role of p53 and BRCA mutation in
RIS development, found a higher frequency of BRCA mutation in RIS patients, but was insignificant, thus they concluded that BRCA mutation should not be considered when
making the treatment decision. An in vivo study by Kansara
et al. [23] reported evidence that RB1 is required for development of radiation-induced osteosarcoma. A study by
Hadj-Hamou et al. [24] comparing the transcriptome of sporadic sarcoma with that of RIS showed 135 gene signatures
which could differentiate RIS from sporadic sarcoma, which
indicated mitochondrial dysfunction with a hallmark of
chronic oxidative stress. However, studies on genetic factors
related to RIS are still in their early stage. Future studies on
the biological background of RIS should be conducted in two
major parts: that on the genetic susceptibility to RIS to distinguish high-risk patients before RT, and that on the molecular “radiation signature” that can distinguish RIS from
sporadic STS beyond Cahan’s criteria [9,14].

Conclusion
In this study, we found that 0.9% of the sarcoma patients
in the registry of a large tertiary center met the RIS criteria.
Although prognosis of RIS is poorer than that of sporadic
STS, a surgical approach with curative intent is needed if
possible, from which we can expect a favorable survival outcome, as seen in this study. Considering the aforementioned
difficulties in RIS treatment, future study should focus on
selection of RIS patient candidates using molecular markers
before RT and should compare the risks and benefits of
administering RT before the treatment. In addition, enhancing the precision of RT would contribute to the reduction of
RIS or related complications in the future, but warrants further investigation.
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Dental Anomalies as Late Adverse Effect among Young Children
Treated for Cancer

Purpose
The aim of this study was to compare the incidence of dental complications in childhood
cancer survivors with that of healthy control subjects, and to determine the possible influence of various factors associated with patient and treatment.
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Materials and Methods
Sixty-one panoramic radiographs of the dentition of cancer survivors were compared with
521 radiographs of healthy patients at a similar age, between 5 and 18 years. The mean
period from termination of therapy was 4.9 years (58.9±34.3 months), and 51 children
(83.60%) were under age 5 when therapy began.
Results
Dental anomalies were found in 38 cancer survivors (62.29%) and 69 control subjects
(13.24%) (p < 0.001). Agenesis of teeth was found in 19 cancer patients (31.14%) and in
48 control subjects (9.21%). Microdontic teeth were found in 22 cancer survivors (36.06%)
and 15 control subjects (2.87%) (p < 0.001), whereas teeth with short roots were found in
seven cancer patients (11.47%) and 15 control subjects (2.87%) (p < 0.01). Dental anomalies in cancer patients were more common in some tooth groups and were not observed
in others. The frequency of dental anomalies did not show correlation with age at the beginning or termination or time of therapy.
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Conclusion
Children under the age of 5 are in a high risk group for dental complications after anticancer
treatment. Rudimentary chemotherapy has a considerable impact on the occurrence of
dental anomalies.

Introduction
The significantly improved results achieved in anticancer
treatment in children have led to an increased number of survivors. However, studies show that up to 40% of these children suffer from serious late complications, including heart
failure, neurotoxicity, nephrotoxicity, growth impairment,
hormonal disorders, and secondary cancers. Late complications not only seriously impair the patients’ quality of life
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and cause higher rates of hospitalization, but in 15% of cases,
they become the direct cause of the patient’s death [1,2].
Although dental problems in childhood cancer survivors
do not appear to be a life-threatening complication of anticancer treatment, they can seriously impair the quality of life
of teenagers and young adults. Treatment with cytostatic
drugs can lead to a higher incidence of caries, lesions of the
enamel, discoloration of teeth or even early loss of teeth
requiring usage of dental prosthesis [3]. It can also disturb
odontogenesis, resulting in a lack of tooth buds, microdontia
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│ http://www.e-crt.org │

Patrycja Proc, Tooth Abnormalities in Childhood Cancer Survivors

or shortening of tooth roots. Radiotherapy of head and neck
region and some anticancer drugs, including busulfan,
cyclophosphamide, vincristine, actinomycin D, doxorubicin,
and daunorubicin, may be particularly significant in the
development of dental complications [4-10]. Although few
reports have addressed the long-term effects of anticancer
treatment on the development of teeth in humans, it can be
concluded that disturbances in teeth may appear in as many
as all late cancer survivors [11]. Considering the sequence of
dental calcification and development, young children seem
to be at the highest risk of dental complications resulting
from anticancer treatment.
The aim of the current study was to determine the possible
influence of age at the time of cancer diagnosis, anticancer
therapy, and subsequent application of radiotherapy to the
head or neck region on the prevalence of dental anomalies
in children. The study compares the incidence of dental complications in childhood cancer survivors with that observed
in healthy control subjects.

Materials and Methods
The children included in the dental examination were
patients of the Department of Pediatrics, Oncology, Hematology and Diabetology, Clinical Hospital No. 4 of the Medical University of 'ód(. All were included in a program for
assessment of late side effects of anticancer treatment in survivors of childhood cancers. Dental examination was performed in the Department of Pediatrics and Orthodontics of
the Institute of Dentistry of the Medical University of 'od(.
The study was approved by the Ethical Committee of the
Medical University of 'ód( (IRB No. RNN/37/13/KE).
Written informed consent for dental and panoramic examinations was obtained from both parents or guardians and
patients above the age of 16.
From July 2012 to April 2014, 66 patients underwent dental

examinations. Regarding the panoramic radiography examination, parental consent was not given for three patients and
two others were excluded from the investigation because of
their very young age (2 and 3 years). In total, 61 patients were
examined: 17 girls (27.87%) and 44 boys (72.13%). At the time
of the examination, the patients were aged between 5 and 18
years (56-213 months). At the beginning of anticancer therapy, the age of the youngest child was 1 month and the oldest 16.3 years (196 months). On average, anticancer therapy
lasted 18.4 months (range, 1 to 47 months), and 4.9 years
(range, 8 to 147 months) had passed since the termination of
disease. The age structure is shown in Table 1.
The children in the study group had been treated for acute
lymphoblastic leukaemia, acute non-lymphoblastic leukaemia, B-cell non-Hodgkin lymphoma, Hodgkin lymphoma,
germinal tumour, brain tumour, Wilms tumour, hepatoblastoma, neuroblastoma, primitive neuroectodermal tumour,
or rhabdomyosarcoma. A detailed prevalence is shown in
Table 2.
The control group consisted of healthy patients at the
Institute of Dentistry with similar age, between 5 and 18
years (range, 56 to 216 months), whose dentition was examined by panoramic radiograph in 2013. From a list of 637
panoramic radiographs, 41 were rejected because of the presence of a cleft lip or palate, 35 for other congenital disorders
or advanced dental treatment, and another 40 radiographs
had been performed on cancer patients. Finally, 521 children
were approved for examination: 240 were patients of the
Orthodontics Department and the remaining 281 of other
clinics in the Institute of Dentistry.
The panoramic radiographs were analyzed to determine
the number of permanent teeth present, changes in the size
of the tooth crown or the root structure. The analysis was
performed twice, by two independent operators (P.P. and
A.S.). Any discrepancy was discussed until agreement was
reached.
In analyzing the number of permanent teeth, the children
were divided into three groups: patients with one missing
tooth, patients with 2-5 missing teeth, and patients with six

Table 1. Distribution of sex and age
Cancer patient
Age

Girl
(n=17, 27.87%)

Age at
113.58±43.96
examination (mo)
Age at start
36.53±19.23
of treatment (mo)

Control

Boy
(n=44, 72.13%)

Total
(n=61)

Girl
(n=290, 55.66%)

Boy
(n=231, 44.34%)

Total
(n=521)

p-value

116.84±44.47

115.93±43.99

139.08±39.17

132.12±37.08

136.00±38.38

0.001

38.34±35.67

37.84±31.80

NA

NA

NA

NA

NA, not applicable.
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Table 2. Distribution of diseases among cancer patients
Disease
ALL
ANLL
B-NHL
Brain tumour
Germinal tumour
Hepatoblastoma
Hodgkin lymphoma
Neuroblastoma
PNET
Rhabdomyosarcoma
Wilms tumour
Total

Girl

Boy

Total

6 (9.84)
1 (1.64)
0(
2 (3.28)
0(
0(
1 (1.64)
3 (4.92)
0(
1 (1.64)
3 (4.92)
17 (27.87)

20 (32.79)
1 (1.64)
1 (1.64)
2 (3.28)
1 (1.64)
2 (3.28)
1 (1.64)
6 (9.84)
1 (1.64)
3 (4.92)
6 (9.84)
44 (72.13)

26 (42.62)
2 (3.28)
1 (1.64)
4 (6.56)
1 (1.64)
2 (3.28)
2 (3.28)
9 (14.75)
1 (1.64)
4 (6.56)
9 (14.75)
61 (100)

Values are presented as number (%). ALL, acute lymphoblastic leukaemia; ANLL, acute non-lymphoblastic leukaemia;
B-NHL, B-cell non-Hodgkin lymphoma; PNET, primitive neuroectodermal tumour.

or more missing teeth (oligodontia). The third molars were
excluded because of the young age of the patients.
As no precise criteria could be found for recognition of
microdontic teeth, microdontia was recognized only when a
tooth was half the size of a comparable homologue [11,12].
If no such tooth could be found, it was compared with the
size of a tooth of the same class. The group was divided into
patients with one microdontic tooth and those with more
than one. Third molars were included in the analysis.
In analysis of the prevalence of disturbances in root development, root shortage was confirmed if the root/crown
length ratio was lower than 1.6 (according to a simplified
Hölttä Defect Index) [13]. The ratio was estimated only in
teeth with completed root development.
The influence of duration of therapy on the development
of tooth buds was analyzed. The study group included 61
patients, with four teeth in each group (two upper and two
lower), making 244 teeth in each class of tooth. The control
group included 2,084 teeth, i.e., 521 patients multiplied by
four teeth in each group.
For comparison between the cancer and control groups,
dental anomalies were graded from less to most advanced
as follows: healthy, teeth with short roots, presence of one
microdontic tooth and more than one microdontic tooth, one
missing tooth, two to five missing teeth, and oligodontia
(6 or more teeth missing). If the individual had more than
one abnormality, the patient was included in a group with
the more severe one.
1. Statistical methods
Differences in clinical variables were evaluated using the
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chi-square test or Fisher exact test for qualitative variables
and Mann-Whitney U-test or Kruskall-Wallis test for quantitative variables, as appropriate. Spearman’s correlation
coefficient was used to evaluate the correlation between
quantitative variables.
In addition, to adjust for the potential effect of age on the
incidence of teeth with short roots, the control and study
groups were matched using a propensity score. Initially,
logistic regression was used to rank the patients according
to propensity scores. This regression, calculated according to
age and sex, was based on the probability of being in the cancer or control groups. The three most closely-related control
subjects with regard to propensity score were matched to
each cancer patient. This process resulted in the creation of a
sex- and age-matched control group of 183 individuals.
All analyses were performed using Statistica Software ver.
10.0 (Statsoft Inc., Tulsa, OK), and a p-value of < 0.05 was
considered statistically significant.

Results
In the cancer group, 19 patients (31.14%) had agenesis of
69 tooth buds, 22 (36.06%) had 77 microdontic teeth, and
seven (11.47%) had teeth with short roots. In the control
group, 48 patients (9.21%) lacked 91 tooth buds, 15 (2.87%)
had 20 microdontic teeth, and 15 (2.87%) had 36 teeth with
short roots.
In the study group, agenesis was found most often in second premolars and second molars, while in the control
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Table 3. Distribution of teeth with anomalies
Group

TA
Cancer

Control

Central incisors
4 (1.63)
5 (0.23)
Lateral incisors
4 (1.63)
28 (1.34)
Canines
2 (0.81)
10 (0.47)
First premolars
1 (0.4)
9 (0.43)
Second premolars
31 (12.7)
33 (1.58)
First molars
4 (1.63)
4 (0.19)
Second molars
23 (9.42)
2 (0.095)
Third molars
NA
NA
No. of sound teeth 175 (71.72) 1,993 (95.63)
Total No. of teeth
244 (
2,084 (
in a group

MD
p-value
0.001
0.712
0.478
0.945
0.001
0.001
0.001
0.001

Cancer

SR

Control

0(
0(
0(
14 (0.67)
0(
1 (0.047)
16 (6.55)
1 (0.047)
25 (10.24)
0(
0(
0(
24 (9.83)
2 (0.095)
12 (4.91)
2 (0.095)
167 (68.44) 2,064 (99.04)
244 (
2,084 (

p-value
0.199
0.734
0.001
0.001
0.001
0.001
0.001

Cancer

Control

0(
7 (0.33)
0(
6 (0.28)
0(
4 (0.19)
4 (1.63)
5 (0.23)
8 (3.27)
4 (0.19)
14 (5.73)
4 (0.19)
12 (4.91)
6 (0.28)
0(
0(
206 (84.42) 2,048 (98.27)
244 (
2,084 (

p-value
0.368
0.407
0.495
0.001
0.001
0.001
0.001
0.001

Values are presented as number (%). TA, tooth agenesis; MD, microdontia; SR, short roots; NA, not applicable.

Table 4. Number of patients with dental anomaly, the most severe being recorded
Tooth formation anomalies
Healthy
Short roots
1 micro
> 1 micro
1 missing
2-5 missing
Oligodontia

Cancer (n=61)

Control (n=521)

p-value

23 (37.70)
6 (9.84)
1 (1.64)
12 (19.67)
5 (8.20)
10 (16.39)
4 (6.56)

452 (86.76)
14 (2.69)
4 (0.77)
3 (0.58)
21 (4.03)
23 (4.41)
4 (0.76)

0.001

Values are presented as number (%). micro, microdontic tooth.

group, second premolars and lateral incisors were most often
missing. In comparison of the two groups, an increased
prevalence of tooth agenesis was found in cancer survivors
in the central incisors, second premolars, and first and second molars (p < 0.001) (Table 3).
Microdontic teeth were most often found among second
premolars and second molars in cancer survivors, and
among second incisors in control subjects. In comparison of
the prevalence of abnormality between two groups, in cancer
patients, microdontic teeth were found more often among
first and second premolars and second and third molars
(p < 0.001). In the study group, teeth with short roots were
most often found among the first and second molars. Teeth
with short roots were almost equally distributed between all
classes of teeth in the control group, but were most often
found in the lateral or central incisors and first molars. In
cancer survivors, teeth with short roots were significantly
more common among first and second premolars and first
and second molars (p < 0.001). As observed in the entire

study group, a comparison of a sex- and age-matched control
group of 183 individuals based on matching propensity
scores revealed that the frequency of teeth with short roots
was greater in patients with cancer than in control subjects
(data not shown).
A statistically significant difference in the prevalence of
patients free from abnormalities was found between cancer
and control groups: 23 (37.70%) versus 452 (86.76%)
(p < 0.001). As a rule, in the study group, the number of
patients with various kinds of dental anomalies was higher
than among control subjects (Table 4).
Occurrence of more than one abnormality in a single
patient was not very common (Tables 5 and 6). In the group
of cancer patients, 10 patients had more than one abnormality (16.39%): nine had both missing and microdontic teeth
and one child had microdontic teeth and teeth with short
roots. In the control group, nine children had more than one
abnormality (1.72%): eight of whom had both missing and
microdontic teeth and one had microdontic teeth and teeth
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Table 5. Coexistence of tooth formation anomalies (TFA) in the cancer group
TFA
0
0
0
1 missing
1 missing
1 missing
2-5 missing
2-5 missing
2-5 missing
Oligodontia
Oligodontia
Oligodontia

Microdontia

Short roots (yes)

Short roots (no)

Total

0
> 1 micro
1 micro
0
> 1 micro
1 micro
0
> 1 micro
1 micro
0
> 1 micro
1 micro

6
1
0
0
0
0
0
0
0
0
0
0

23
11
1
3
2
0
4
4
2
3
0
1

29
12
1
3
2
0
4
4
2
3
0
1

micro, microdontic tooth.

Table 6. Coexistence of tooth formation anomalies (TFA) in the control group
TFA
0
0
0
1 missing
1 missing
1 missing
2-5 missing
2-5 missing
2-5 missing
Oligodontia
Oligodontia
Oligodontia

Microdontia

Short roots (yes)

Short roots (no)

Total

0
> 1 micro
1 micro
0
> 1 micro
1 micro
0
> 1 micro
1 micro
0
> 1 micro
1 micro

14
0
1
0
0
0
0
0
0
0
0
0

452
3
3
16
0
5
21
1
1
3
1
0

466
3
4
16
0
5
21
1
1
3
1
0

micro, microdontic tooth.

with short roots.
In the cancer group a significantly higher number of
dental anomalies was observed for boys than girls (p=0.04)
(Table 7). In contrast, more anomalies were found in girls
than in boys in the control group. However, the difference
was not statistically significant, as girls had more missing but
fewer microdontic teeth.
The variables that might influence the type and rate of dental anomaly in patients were then examined. Although more
severe treatment, namely "high dose therapy and bone marrow transplantation," had been introduced in 11 patients, it
did not influence the distribution of anomalies. Additional
radiation of the head or neck region in an additional eight
patients did not increase the rate or severity of dental anomalies (Table 8). Interestingly, of these eight children, five had
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acute leukaemia and prophylactic central nervous system
irradiation with a dose of 12 Gy, while only one had
microdontic teeth and one had oligodontia. The three
remaining children, one diagnosed with brain tumor and
two with rhabdomyosarcoma, were treated with a dose of
40 Gy or higher and all had dental abnormalities, such as
oligodontia, short roots, or microdontic teeth.
According to the data shown in Table 9, the numbers of
dental anomalies in each patient did not differ with age at
the beginning, duration, or end of treatment.
The older the patient the lesser number of missing
teeth, but the relationship was not statistically significant
(r=–0.086, p=0.507). A similar non-significant relationship
(r=–0.103, p=0.428) was found between age at the beginning
of therapy and number of microdontic teeth.

Patrycja Proc, Tooth Abnormalities in Childhood Cancer Survivors

Table 7. Distribution of tooth formation anomalies (TFA) in both sexes
Cancer

TFA
> 1 missing
1 missing
> 1 micro
1 micro
Short roots
Healthy

Girl (n=17)

Boy (n=44)

2 (11.76)
0(
2 (11.76)
1 (5.88)
4 (23.53)
8 (47.06)

12 (27.27)
5 (11.36)
10 (22.73)
0(
2 (4.55)
15 (34.09)

p-value
0.04

Control
Girl (n=290)

Boy (n=231)

19 (6.55)
13 (4.48)
0(
1 (0.34)
10 (3.45)
247 (85.17)

8 (3.46)
8 (3.46)
3 (1.30)
3 (1.35)
4 (1.73)
205 (88.74)

p-value
0.087

Values are presented as number (%). micro, microdontic tooth.

Table 8. Correlation of incidence of tooth formation anomaly (TFA) to chemotherapy and radiation
TFA
Healthy
Short root
1 micro
> 1 micro
1 missing
> 1 missing

CC treatment
(n=50)

HD+CC+BMT treatment
(n=11)

21 (42.00)
5 (10.00)
0(
10 (20.00)
3 (6.00)
11 (22.00)

2 (18.18)
1 (9.09)
1 (9.09)
2 (18.18)
2 (18.18)
3 (27.27)

p-value

RTX head and neck
(n=8)

No RTX
(n=53)

3 (37.50)
1 (12.50)
0(
1 (12.50)
2 (25.00)
1 (12.50)

20 (37.74)
5 (9.43)
1 (1.89)
11 (20.75)
3 (5.66)
13 (24.53)

0.175

p-value
0.539

Values are presented as number (%). CC, conventional chemotherapy; HD, high dose chemotherapy; BMT, bone marrow
transplantation; RTX, radiotherapy of head or/and neck; micro, microdontic tooth.

Table 9. Correlation of incidence of tooth formation anomaly with the age at the beginning, end and during the course of
therapy
Age
Age at the beginning
of therapy (mo)
Months that passed
by the end of disease
Age at the end
of therapy (mo)

Healthy
(n=23)

Short roots
(n=6)

1 micro
(n=1)

> 1 micro
(n=12)

1 missing
(n=5)

> 1 missing
(n=14)

p-value

48.00±41.76

32.83±21.27

17.00±0.00

35.75±27.63

23.40±13.50

31.71±22.07

0.489

55.61±39.19

65.67±35.94

59.00±0.00

68.75±29.21

43.80±27.50

58.36±35.78

0.811

64.35±42.67

61.00±31.89

43.00±0.00

59.08±31.43

38.00±19.14

47.36±23.61

0.557

micro, microdontic tooth.

A relationship was found between age at the start of treatment and class of microdontic teeth (Fig. 1). Therapy started
between 1 and 18 months most often resulted in microdontia
of the first premolars. In children aged between 13 and 30
months, it showed correlation with microdontia of second
premolars, while it was found in the second molars in children aged between 25 and 36 months. In children whose
therapy had started above the age of 61 months, microdontic

teeth were found only among the third molars.
No such relationship was found between terms of beginning of therapy and the prevalence of missing teeth. Agenesis was present in each tooth group irrespective of the age of
the child at the start of therapy, although it was most common in second premolars and second molars.
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Age at
diagnosis (mo)

No. of
patients

First
incisors

Second
incisors

Canines

First
premolars

Second
premolars

First
molars

Second
molars

Third
molars

1-6

4

0

0

0

4

1

0

0

0

7-12

4

0

0

0

2

0

0

0

0

13-18

7

0

0

0

8

4

0

4

0

19-24

7

0

0

0

0

10

0

4

0

25-30

7

0

0

0

0

6

0

6

0

31-36

10

0

0

0

2

2

0

7

0

37-42

5

0

0

0

0

2

0

3

0

43-60

9

0

0

0

0

0

0

0

0

61-196

8

0

0

0

0

0

0

0

12

Fig. 1. Distribution of microdontic teeth in relation to age at the beginning of chemotherapy.

Discussion
Comparable to the results of other studies, the current
study confirmed that dental anomalies are much more prevalent in cancer survivors than in healthy children (Figs. 2
and 3).
The most severe anomaly, hypodontia, was three times
more common among cancer patients than control subjects
(31.14% vs. 9.21%). Such dental anomalies were also found
in 16.2% of patients treated for solid tumors and lymphomas
and in 31% of patients who underwent stem cell transplantation at the ages of 1.0-9.4 years [13,14]. In a healthy population, hypodontia is found in 2% to 10% of people [15]. In a
group of 739 healthy Caucasian 7-year-olds, missing teeth
were recorded in 7.4% of children: 8.4% of girls and 6.5% of
boys [16]. In the control group, a distribution of abnormality
was present in 11.03% of girls and 6.92% of boys, in accordance with data showing that females are more often
affected than males at a ratio of 1.5:1 [17]. However, in the
cancer group, hypodontia was found three times more often
among boys than girls, implying that the disease or the treatment must have modified the occurrence of the anomaly.
In the cancer group, most patients were severely affected,
as 1/4 of them had more than one missing tooth. According
to Schalk van der Weide [18], severe hypodontia (oligodon-
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tia) should be registered when six or more teeth are missing.
The prevalence of oligodontia in healthy populations is very
low, ranging from 0.08% to 1.1% [18,19]. In light of the above,
it can be concluded that the prevalence of oligodontia in both
groups was high, with 0.76% in control subjects, and very
high, with 6.56%, in the cancer group. The higher prevalence
observed in the healthy group can be explained in part by
the fact that the children had already been seen and selected
by dentists, and almost half of them had sought orthodontic
advice. The control patients were also slightly older, as the
choice of patients was blinded and all children between the
ages of 5 and 18 who had been examined by panoramic
radiography in 2013 were included. Patients of the Institute
of Dentistry were chosen for the study as there is no national
database of radiographs in Poland and no such data could
be found in contemporary papers.
The second dental anomaly commonly found in the group
was the presence of teeth of smaller than average size. The
prevalence of microdontia in cancer survivors was previously estimated to range from 13.5% up to 44% [11,12]; however, in the current study, they were observed in 36.06% of
cancer survivors and in 2.87% of control subjects. The prevalence of microdontic teeth in healthy populations has rarely
been estimated, being most often limited to peg-shaped
lateral incisors, but has been reported to range from 0.8% to
1.7% of the population [11,16]. It was also stressed that
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Fig. 2. Girl (cancer patient), aged 9.5 years, microdontic
permanent teeth: upper right second molar and second
premolar, upper left second premolar and lower left and
right second molars.

Fig. 3. Boy (cancer patient), aged 8 years, lack of tooth
germs: upper left and right first permanent molars.

patients with agenesis of teeth in general were more likely to
present with smaller teeth, particularly in the posterior
regions, including premolars and molars [20], which might
suggest a correlation between the occurrence of microdontic
and missing teeth.
In contrast to the small number of papers concerning the
etiology of microdontic teeth, the etiology of hypodontia has
been thoroughly investigated. A range of studies conducted
on human and mouse models suggest that mutations of specific genes might be responsible for tooth agenesis [17].
Association of several polymorphic mutations of the PAX9
gene with sporadic oligodontia was found in the Polish population [19].
In healthy populations, lateral incisors, second premolars
and third molars are more predisposed to agenesis than
other teeth [16,21]. The same was found in the current study.
However, in cancer patients, second premolars and second
molars were most frequently missing whereas lateral incisors
and canines were rarely absent. A similar pattern was found
in young survivors after stem cell transplantation [11].
Because the prevalence of agenesis was greater in cancer
patients, but not in all teeth, the relationship between the
terms of tooth calcification and prevalence of abnormalities
was examined. In humans, the process of permanent tooth
formation begins with the mineralization of the first molars
at the time of delivery. The first teeth to emerge after birth
are permanent incisors (except lateral ones), which start their
formation at the age of 3-4 months. Then the mineralization
process develops as follows: canines (4-5 months), maxillary
lateral incisors (10-12 months), first premolars (18-24
months), second premolars (24-30 months), second molars
(30-36 months), and third molars (between 7 and 10 years)
[22]. Unexpectedly, no relationship was found between the
distribution of missing teeth and the age of the child at the

start of therapy. This lack of connection may confirm the
presence of a genetic background to agenesis, or that the
teeth buds were completely destroyed by chemotherapy
regardless of their stage of development. However, a correlation found between the conditions of calcification and the
prevalence of microdontic teeth might suggest that cancer
treatment had a direct influence on the development of teeth,
resulting in their smaller than normal size. Microdontic teeth
were observed in children at age up to 42 months when the
therapy was started. Children aged 43 to 61 months were free
from the anomaly, and then microdontic third molars were
found in children older than 61 months.
In the current study, teeth with short roots were found in
seven cancer patients (11.47%) and in 15 control subjects
(2.87%). In contemporary studies, the estimated abnormality
ranged from 1.3% to 5.6% in healthy populations, and from
0.3% to 1.5% if limited to taurodontic molars [16,23,24]. However, in cancer survivors, the prevalence of various disturbances in root development reported by other authors was
much higher, reaching 86.4% or even 100% [13,14]. The discrepancy between the results of the current study and others
might be explained in part by difference in the criteria used
by different investigators. Also, the young age of our patients
at the time of dental investigation might have been critical.
Most teeth had not yet finished their development, according
to the dental age of the patients, thus estimation of the final
consequences was not possible.
Unfortunately, because only eight children underwent
irradiation, it is likely that our findings do not indicate any
significant relationship between radiation therapy and tooth
abnormalities.
In addition, most patients were treated with a low dose of
12 Gy. Three children treated with a high dose (> 40 Gy) had
dental malformations, corresponding with the previously
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published data [3,5,14].
In contrast with the results of other studies, we found no
statistically significant relationships between the rate or
severity of dental disturbances, and the age of the patient at
the beginning, the end, or during anticancer therapy. This
may result from the small sample size of our study and it is
a significant limitation; however, other literature reports are
based on similar numbers of evaluated children [11,13,14].
On the other hand, this discrepancy might be explained by
the fact that 51 patients (83.60%) began therapy at an age
below 5 years and 46 below 4 years (75.4%). Age 4-5 years is
considered critical for tooth development, thus most of our
patients were simply in a high risk group.

Conclusion
Our results confirm that anticancer treatment has a significant impact on tooth development, particularly in small children. Hence, as this may affect the quality of life of pediatric
patients cured from cancer, this chronic complication should
be considered at each follow-up visit.
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Purpose
Lynch syndrome, the commonest hereditary colorectal cancer syndrome, is caused by
germline mutations in mismatch repair (MMR) genes. Three recently developed prediction
models for MMR gene mutations based on family history and clinical features (MMRPredict,
PREMM1,2,6, and MMRPro) have been validated only in Western countries. In this study, we
propose validating these prediction models in the Korean population.
Materials and Methods
We collected MMR gene analysis data from 188 individuals in the Korean Hereditary Tumor
Registry. The probability of gene mutation was calculated using three prediction models,
and the overall diagnostic value of each model compared using receiver operator characteristic (ROC) curves and area under the ROC curve (AUC). Quantitative test characteristics
were calculated at sensitivities of 90%, 95%, and 98%.
Results
Of the individuals analyzed, 101 satisfied Amsterdam criteria II, and 87 were suspected
hereditary nonpolyposis colorectal cancer. MMR mutations were identified in 62 of the 188
subjects (33.0%). All three prediction models showed a poor predictive value of AUC (MMRPredict, 0.683; PREMM1,2,6, 0.709; MMRPro, 0.590). Within the range of acceptable sensitivity (> 90%), PREMM1,2,6 demonstrated higher specificity than the other models.
Conclusion
In the Korean population, overall predictive values of the three models (MMRPredict,
PREMM1,2,6, MMRPro) for MMR gene mutations are poor, compared with their performance
in Western populations. A new prediction model is therefore required for the Korean population to detect MMR mutation carriers, reflecting ethnic differences in genotype-phenotype
associations.

Key words
Hereditary nonpolyposis colorectal neoplasms, Prediction model,
Genetic testing, Mismatch repair gene
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Introduction
Hereditary nonpolyposis colorectal cancer (HNPCC) is the
most common form of hereditary colorectal cancer, comprising 3%-4% of colorectal cancer cases [1]. The lifetime risk of
colorectal cancer (CRC) in these patients is as high as 80%,
and HNPCC is associated with extra-colonic tumors of
endometrium, ovary, urinary tract, small intestine, stomach,
brain, and sebaceous glands [1]. Although HNPCC was formerly used as a synonym for Lynch syndrome, HNPCC can
encompass a heterogeneous group of hereditary nonpolyposis CRCs with or without germline mutations of mismatch
repair (MMR) genes. Clinically diagnosed HNPCC by the
Amsterdam criteria can include not only Lynch syndrome
but also Lynch-like syndrome or familial CRC type X [2,3].
In recognition of this problem, the latest World Health
Organization (WHO) classification of tumors of the digestive
system recommended “Lynch syndrome” as the standard
term of a hereditary cancer syndrome caused by a germline
mutation in one of the MMR genes [4]. Lynch syndrome is
caused by germline mutations in MMR genes, including
MLH1, MSH2, MSH6, and PMS2 [5]. Early identification of
such mutation carriers is essential to facilitate counseling,
intensive surveillance and prophylactic surgery or chemoprevention. Since universal genetic testing is not cost-effective considering the rarity of this condition and germline
sequencing efforts, it is necessary to prescreen individuals
with suspected Lynch syndrome prior to genetic testing [6].
Several clinical criteria and molecular tests are used to
screen individuals with MMR mutations. However, strategies for identifying MMR mutation carriers require improvement. Amsterdam criteria I and II, originally developed to
define families suspected of HNPCC [7], are commonly utilized to determine eligibility for testing. However, these
criteria are too stringent for use as a screening tool, leading
to lack of sensitivity and specificity [6]. The less strict
Bethesda guidelines have been utilized for this purpose [8],
but may also overlook up to 15% of mutation carriers [9].
Another available method to detect possible Lynch syndrome families is microsatellite instability (MSI) testing, the
genetic hallmark of Lynch syndrome. However, about 15%
of sporadic CRC patients exhibit MSI [10], which may result
in unnecessary genetic evaluation. Immunohistochemical
analysis (IHC) of the major MMR proteins, MLH1 and
MSH2, is used to identify individuals with MMR mutations.
However, given that up to 5% of patients with Lynch syndrome show microsatellite stable or normal IHC staining
[11], those at high risk of MMR mutations may be undetected. The most critical shortcoming of these clinical criteria
and molecular testing protocols is that they are not designed
to determine the risk of MMR mutations in individuals [6].

Several prediction models to help assess the probability of
MMR mutations in individuals have been developed [12-14].
The prediction tools, MMRPredict [12], PREMM1,2,6 [14], and
MMRPro [13], are widely used to estimate the likelihood of
harboring MMR gene mutations based on clinical information. A number of Western population-based studies have
validated the feasibility of these models [6,11,15-19] in facilitating potential advancement in screening and diagnosis of
Lynch syndrome. Considering the ethnic differences of
Lynch syndrome patients evaluated previously [20-22],
prediction models need to be validated before clinical application in Asian countries. Therefore, the current study was
designed to assess the performance of prediction models for
MMR gene mutations in the Korean population.

Materials and Methods
We retrospectively obtained data from the Korean Hereditary Tumor Registry, including clinical and molecular findings from HNPCC or suspected HNPCC families. HNPCC
and suspected HNPCC were defined according to Amsterdam criteria II [7] and revised S-HNPCC I criteria [23]. One
hundred and eighty-eight individuals from 142 families with
available details on pedigree and results of mutation screening for MMR genes were included in the study.
Mutational risk scores were calculated for the three
prediction models, MMRPredict, PREMM1,2,6 and MMRPro.
MMRPredict, developed by Barnetson et al. [12], is a
web-based online calculator freely available at http://hnpccpredict.hgu.mrc.ac.uk/. Variables in this model include
proband age, sex, tumor location, presence of synchronous
or metachronous CRC, presence and age of first-degree
relatives with CRC or endometrial cancer. The model is limited to CRC-related patients only, since it was developed
based on data from patients under the age of 55 diagnosed
with CRC. Therefore, data for only 149 individuals were calculated for this model.
PREMM1,2,6 [14] is also freely available at http://premm.
dfci.harvard.edu/. This model consists of proband-specific
and family member-related variables, including occurrence
and age at diagnosis of CRC, endometrial cancer, and other
Lynch-associated tumors.
MMRPro is calculated with CaGENE 5.2 software (CancerGene, Dallas, TX) available at http://www4.utsouthwestern.
edu/breasthealth/cagene. This model includes age at diagnosis of CRC or endometrial cancer of the proband, first- and
second-degree relatives and current age of unaffected relatives.
Missing or unknown data were imputed by applying a
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Table 1. Clinical characteristics by mutation status
Characteristic
Age (yr)
Sex
Male
Female
Probands
No
Yes
Cancer
No
Yes
Cancer location
Proximal colon
Distal colon
Entire colon
Mutation gene
hMLH1
hMSH2
hMSH6
Mutation type
Frameshift
Missense
Splicing

Mutation positivea) (n=62)

Mutation negative (n=126)

p-value

40.2±13.7

47.7±14.1

0.001

40 (35.1)
19 (31.1)

74 (64.9)
42 (68.9)

0.599

23 (50.0)
39 (27.5)

23 (50.0)
103 (72.5)

0.005

13 (38.2)
47 (32.4)

21 (61.8)
98 (67.6)

0.518

17 (34.7)
21 (28.0)
7 (36.8)

32 (65.3)
54 (72.0)
12 (63.2)

0.635

42 (77.8)
9 (16.7)
3 (5.6)

-

-

29 (53.7)
21 (38.9)
4 (7.4)

-

-

Values are presented as mean±standard deviation or number (%). a)Mutation positive: individuals with a germline mutation
of the mismatch repair gene.

practice similar to previous studies [11,17]. In unknown
cases, age was estimated based on the age of relatives,
assuming 30-year separation between generations. When
only information about an individual’s age group was available, a mid-range age was used [11]. Unknown tumor location was entered into the prediction model as both proximal
and distal locations, and the mean value of the two was used
[17].
Individuals were given mutational screening for the MMR
genes—MLH1, MSH2 and MSH6. Peripheral blood lymphocytes were isolated using Ficoll-Paque (Amersham Biosciences, Uppsala, Sweden), and genomic DNA was extracted using TRI reagent according to the manufacturer’s
instructions (Molecular Research Center, Cincinnati, OH).
Next, we screened all gene coding regions, exon/intron
boundaries and core promoters using polymerase chain
reaction–single strand conformation polymorphism analysis
to detect germline mutations in MMR genes. The detailed
methods are described in a previous report by our group
[20].
The expected frequency of MMR mutations was compared
with observed frequency to test the reliability of the three
models [24]. Receiver-operator characteristic (ROC) curves
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were constructed to evaluate precision. Area under the ROC
curve (AUC) was calculated as a measure of discrimination
for each model [24]. We additionally estimated specificity,
positive likelihood ratios and predicted risk scores at a range
of sensitivities (90%, 95%, and 98%) to test model accuracy
[24]. Chi-squared test and Student’s t test were employed to
compare categorical and continuous data. We rejected null
hypotheses of no difference if p-values were less than 0.05.
Statistical analyses used SPSS ver. 19.0 (IBM Corp., Armonk,
NY).

Results
Of the 188 subjects, 57 were diagnosed as HNPCC, 44 were
their family members, 85 were suspected HNPCC probands,
and the remaining two were from a suspected HNPCC family. Clinical characteristics of patients are summarized in
Table 1. Sixty-two (33.0%) carried MMR gene mutations,
77.8% of which were MLH1. The majority of mutations identified were frameshift (53.7%) or missense (38.9%) mutations.
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A

Mean 39.9
Median 25.0
Min 0
Max 100

40
30
20
10
0

60

PREMM1,2,6
Mean 26.2
Median 14.2
Min < 5
Max 95.4

50
No. of cases

50
No. of cases

60

MMRPredict

40

20

40
60
Risk score

80

100

30
20

0

MMRPro
Mean 66.2
Median 82.25
Min 0.6
Max 99.8

50

10
0

C

No. of cases

60

B

40
30
20
10

0

20

40
60
Risk score

80

100

0

0

20

40
60
Risk score

80

100

Fig. 1. Distribution of risk scores of mismatch repair (MMR) gene mutations calculated for the three prediction models. (A)
MMRPredict. (B) PREMM1,2,6. (C) MMRPro. The models show different distribution patterns and skewness.

Individuals with MMR mutations were significantly younger
(40.2±13.7 years) than those without the mutations (47.7±14.1
years). We identified 40 men (35.1%) and 19 women (31.1%)
with mutations; the proportions of men and women with
mutations did not differ significantly. No association was
evident between MMR mutation and cancer location.
The distribution of risk scores calculated for each model is
depicted in Fig. 1. The three prediction models showed
different distribution patterns. Risk scores of PREMM1,2,6
were positively skewed, i.e., concentrated in the lower range,
while those of MMRPro were skewed to the left, being
concentrated in the higher range. Median risk scores were
25.0% for MMRPredict, 14.2% for PREMM1,2,6, and 82.25% for
MMRPro.
We compared the expected frequency of MMR mutations
predicted by each model with observed frequency, with subjects divided into five groups by the calculated risk scores
(Table 2). All three models underestimated the frequency of
mutations in the < 50% risk score group. However, the models commonly overestimated the possibility of MMR mutations in the " 50% risk score group. In general, PREMM1,2,6
underestimated the mutational frequency, with an expected
to observed mutation ratio of 0.8, while MMRPredict and
MMRPro tended to overestimate the possibility of mutations
(expected/observed mutation carriers, 1.3 and 1.7, respectively).
The results of ROC analysis for three models are presented
in Fig. 2. We observed an AUC of 0.709 (95% confidence
interval [CI], 0.634 to 0.784) for PREMM1,2,6, 0.683 (95% CI,
0.592 to 0.773) for MMRPredict and 0.590 (95% CI, 0.493 to

0.688) for MMRPro. AUC from the PREMM1,2,6 model was
the highest, although this difference was not statistically
significant.
We additionally calculated specificity, positive likelihood
ratio and risk score cutoff of the three prediction models in a
range of sensitivities (Table 3). To achieve a sensitivity of
90%, a cutoff risk score of > 6.0% led to specificity of 34.3%
and positive likelihood ratio of 1.4 for MMRPredict. Specificity decreased to 3.9% to obtain a sensitivity of 95%. For
PREMM1,2,6, to gain a sensitivity of 90%, a cutoff risk score of
> 7.4% provided specificity of 36.3% and positive likelihood
ratio of 1.4, highest among the three models. Specificity
remained 32.3% at a sensitivity of 95%. PREMM1,2,6 showed
the highest specificity (25.8%) at a sensitivity of 98%.

Discussion
To our knowledge, this is the first study to explore the performance of Lynch prediction models in an Asian population. All three models tended to underestimate the possibility
of MMR mutation in low-risk individuals; but overestimated
the possibility of mutation in high-risk individuals. AUCs of
the three models were 0.709 for PREMM1,2,6, 0.683 for MMRPredict and 0.590 for MMRPro, signifying fair to poor
discrimination. Within the range of acceptable sensitivity
that reduces the number of missed mutant carriers (sensitivity > 90%), PREMM1,2,6 showed higher specificity (36.3%)
VOLUME 48 NUMBER 2 APRIL 2016
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Table 2. Comparison of expected and observed frequency of DNA mismatch repair gene mutations
Model

Predicted risk score (%)

MMRPredict

PREMM1,2,6

MMRPro

No. of individuals

< 10
10-25
25-50
50-75
75-100
Total
< 10
10-25
25-50
50-75
75-100
Total
< 10
10-25
25-50
50-75
75-100
Total

50
24
20
14
41
149
75
44
29
21
16
185
16
5
34
14
71
140

No. of mutation carriers
Expected
1.9 (3.8)
3.8 (15.7)
7.4 (37.2)
9.0 (64.0)
37.4 (91.2)
59.5 (39.9)
4.0 (5.4)
7.2 (16.4)
10.6 (36.5)
12.8 (60.7)
13.9 (86.6)
48.4 (26.2)
0.63 (3.9)
0.8 (16.1)
14.9 (43.9)
8.1 (58.0)
68.1 (96.0)
92.6 (66.2)

Observed
6 (12.0)
7 (29.2)
10 (50.0)
6 (42.9)
18 (43.9)
47 (31.5)
13 (17.3)
15 (34.1)
15 (51.7)
9 (42.9)
9 (56.3)
61 (33.0)
4 (25.0)
1 (20.0)
15 (44.1)
5 (35.7)
30 (42.3)
55 (39.3)

Expected/Observed
0.3
0.5
0.7
1.5
2.1
1.3
0.3
0.5
0.7
1.4
1.5
0.8
0.2
0.8
1.0
1.6
2.3
1.7

Values are presented as number (%).

1.0

Sensitivity

0.8

0.6

0.4

AUC

0.2

MMRPro

0.590

MMRPredict

0.683

PREMM1,2,6

0.709

0
0

0.2

0.4

0.6

0.8

1.0

1–Specificity

Fig. 2. Receiver-operator characteristic curves for MMRPredict, PREMM1,2,6, and MMRPro. Area under the ROC
curves (AUCs) for each model are shown.
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than the other two models (34.3% for MMRPredict, 21.2% for
MMRPro).
After the development of each Lynch syndrome prediction
model [12-14], a number of studies explored performance in
Western populations [6,11,15-19]. Some investigations used
clinic-based samples similar to our study [6,11,17,18] and
others were from population-based samples [15,16] or both
[19]. Win et al. [25] reviewed prediction models for MMR
gene mutations and performed a meta-analysis of AUCs
from reviewed studies. Pooled AUCs were 0.84 for PREMM,
0.81 for MMRPredict, and 0.80 for MMRPro, indicative of
good performance. Although some authors report that the
Lynch prediction models provide no better discrimination
than the revised Bethesda guidelines [16,18], they are generally considered a feasible strategy for further risk assessment
and genetic testing [5].
However, our results indicate that the available prediction
models are not broadly applicable to Asians, since the
molecular characteristics of CRC between patients with distinct ethnic origins are substantially different. For instance,
De Jesus-Monge et al. [22] reported wide variations (0.6%47.1%) in negative MLH1 protein expression in CRC patients
from different countries. Previously, we showed differences
in MMR gene mutations in Korean HNPCC families [20] and
a lower rate of MSI-high (5.5%) in Korean CRC patients than
European ethnicities (10%-25%) but rates similar to Japanese

Soo Young Lee, Prediction Models for MMR Mutations in Koreans

Table 3. Testing characteristics of the three prediction models at sensitivities of 90%, 95%, and 98%
Sensitivity (%)
> 90% Sensitivity
Specificity (%)
Positive likelihood ratio
Risk score cutoff (%)
> 95% Sensitivity
Specificity (%)
Positive likelihood ratio
Risk score cutoff (%)
> 98% Sensitivity
Specificity (%)
Positive likelihood ratio
Risk score cutoff (%)

MMRPro

MMRPredict

PREMM1,2,6

34.3
1.4
> 6.0

36.3
1.4
> 7.4

21.2
1.2
> 31.5

3.9
1.0
> 0.0

32.3
1.4
> 6.3

11.8
1.1
> 7.0

3.9
1.0
> 0.0

25.8
1.3
> 5.2

4.7
1.0
> 1.5

patients (4.5%-5.9%) [21]. These ethnic differences may
hinder the application of prediction models to Koreans,
resulting in poor performance.
Each prediction model has distinct characteristics [11,
17,25]. Thus, clinical utilization of the three models may vary
for different situations. MMRPredict is a web-based easily
accessible model, but it includes only individuals diagnosed
with CRC [17]. It can be useful for patients with early-onset
CRC [11]. PREMM1,2,6 does not take into account MSI/IHC
test results but is ideal for families with HNPCC-related
cancers [11,17]. MMRPro needs a complete family history
demanding a first-degree relative affected to estimate risk to
proband [11,17]. The model is useful when MSI/IHC test
results are both negative [11]. In our study population, the
three models showed differences in reliability, accuracy, and
even distribution. Considering both AUC and specificity
within acceptable sensitivity, PREMM1,2,6 may have slightly
better performance in Asian populations, despite lower reliability.
Our study has some limitations. Initially, data were collected from our registry database comprising HNPCC or suspected HNPCC families determined by Amsterdam criteria
II or revised S-HNPCC I criteria. The registry-based retrospective study design prevented us from utilizing revised
Bethesda guidelines, and resulted in lack of MSI testing or
immunohistochemistry for MMR proteins, producing a bias.
Nevertheless, AUCs of our study (0.590-0.709) were significantly lower than those of clinic-based studies on Western
populations (0.77-0.82) [25]. In addition, the proportion of
MLH1 mutations (77.8%) among all detected MMR mutations is higher than that of previous studies (25%-44%)
[6,11,16-19], which could represent potential selection bias.
However, a population-based study reported a surprisingly
low proportion (5.6%) of MLH1 mutations among all

detected mutations [15], suggesting that an unusually high
proportion of MLH1 mutations might happen by chance.
Another possibility is that individuals from 11 families in this
study inherited a founder mutation (c.1757_1758insC) in the
MLH1 gene from a common ancestor [20]. Because validation
of a prediction model performance is individual-based, and
therefore depends mainly on the precise mutational analysis
and detailed family history of each individual, it seems
unlikely that our results are severely biased.
Owing to the retrospective design, we were confronted
with difficulties with missing data. Although methods similar to previous studies were used [11,17], we could not apply
all models to all individuals due to missing values. Lastly,
we did not examine mutations in PMS2 and EpCAM genes
in this study. However, current prediction models were
developed to predict the possibility of having mutations only
in the MLH1, MSH2, and MSH6 genes, and mutations in
PMS2 and EpCAM genes were not taken into account. This
is a limitation of current prediction models, although mutations in PMS2 or EpCAM genes are very rare in Lynch
syndrome. Therefore, we believe that the present study is of
value despite the lack of PMS2 or EpCAM mutational results.

Conclusion
The overall performances of all three prediction models in
our Korean population were poor compared to that in Western populations. We propose that a new prediction model is
required for the Korean population to effectively detect
MMR mutation carriers that reflects ethnic differences in
genotype-phenotype associations.
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Aberrant Epigenetic Modifications of LPHN2 Function as a Potential
Cisplatin-Specific Biomarker for Human Gastrointestinal Cancer

Purpose
Epigenetic alterations of specific genes have recently been identified as diagnostic biomarkers for human cancers. However, there are currently no standardized epigenetic biomarkers
for drug sensitivity in human gastrointestinal cancer. Therefore, the aim of this study is to
identify a novel epigenetic biomarker in gastrointestinal cancer.
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Materials and Methods
Using bisulfite sequencing and pyrosequencing analysis, DNA methylation patterns of gastric, colon primary tissues and their cancer cells were analyzed, and histone modifications
were analyzed using chromatin immunoprecipitation assay. In addition, cancer cells were
exposed to cisplatin and treated with a DNA methyltransferase inhibitor.
Results
We report that in human gastric and colon cancers, latrophilin 2 (LPHN2) is silenced by epigenetic modifications, including CpG island methylation and aberrant histone modifications.
We also confirmed that LPHN2 was silenced by DNA hypermethylation in primary gastric
and colon tumor tissues compared to their normal counterparts. Interestingly, we found
that cancer cells with methylated LPHN2 showed higher sensitivity to cisplatin. Also, 5-aza2&-deoxycytidine combined with cisplatin decreased the cytotoxicity of cisplatin in cancer
cells with methylated LPHN2. In addition, LPHN2 knockdown in cancer cells with high
LPHN2 expression sensitized these cells to the anti-proliferative effects of cisplatin.
Conclusion
In human gastrointestinal cancer, we found that LPHN2 is regulated by epigenetic modifications, and that cancer cells with lower LPHN2 expression show higher sensitivity to cisplatin. Therefore, the methylation status of LPHN2 is a potential novel epigenetic biomarker
for cisplatin treatment in human gastric and colon cancers.

Introduction
Aberrant gene function and altered patterns of gene
expression are typical features among various cancers [1]. In
particular, epigenetic modifications, defined as heritable
changes in gene expression not caused by changes in the
DNA sequence, are increasingly identified as hallmarks of
human cancers [1,2]. DNA methyltransferases (DNMTs)
hypermethylate CpG islands, resulting in transcriptional
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silencing of various genes [3]. DNMTs catalyze the transfer
of a methyl group to the carbon 5 position of cytosine
residues in CpG dinucleotides. In addition to DNA methylation, histone modifications also help to organize the nuclear
architecture in regulation of gene expression and gene activities [3]. Thus, DNA methylation cooperates with histone
modifications to silence tumor suppressor genes during
tumorigenesis [4].
Incidence and mortality of gastrointestinal cancers, including gastric and colon cancer, have increased globally [5,6].
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Recent genome-wide epigenomic modification studies have
reported various genes that are frequently inactivated by epigenetic modifications in gastric and colon cancer [7,8]. Interestingly, epigenetic modifications are being recognized as
new therapeutic targets for treatment and prognosis of gastrointestinal cancers [9,10]. However, there are no standardized epigenetic markers which can serve as novel indicators
for the chemosensitivity of human gastrointestinal cancer.
In this study, we found that latrophilin 2 (LPHN2), a member of the latrophilin subfamily of G-protein coupled receptors [11], is transcriptionally inactivated by DNA methylation
and histone modifications in human gastric and colon cancer
cells. Cancer cells with methylated LPHN2 showed higher
sensitivity to cisplatin compared to cells without methylation, suggesting that the methylation status of LPHN2 may
serve as a novel epigenetic biomarker for cisplatin chemosensitivity. The LPHN2 methylation status does not confer differential sensitivity to other chemotherapeutic agents; therefore, we propose that epigenetic modification of LPHN2 is a
promising cisplatin-specific biomarker.

Materials and Methods
1. Cell culture
Eleven human gastric cancer cell lines and 15 human colon
cancer cell lines were obtained from the Korea Cancer Cell
Bank (Seoul, Korea). Cells were cultured in RPMI 1640 media
supplemented with 10% fetal bovine serum and gentamicin
(10 µg/mL) [12]. HCT116 and DKO cells, which were generous gifts from Dr. B. Vogelstein (Johns Hopkins University)
[13], were cultured in McCoy’s 5A media.
2. Primary human gastric tissues
Twenty-four primary human gastric tumor tissues, ten primary human colorectal tumor tissues, and their matching
normal tissues were obtained from Seoul National University
Hospital. The study protocol was reviewed and approved by
the Institutional Review Board of Seoul National University
Hospital. After surgical removal, tissues were immediately
frozen in liquid nitrogen and stored at –80°C until use.
3. Reverse transcription polymerase chain reaction (RTPCR) and quantitative real-time RT-PCR
Total RNA was prepared using the TRI Reagent (Molecular Research Center, Cincinnati, OH) in accordance with the
manufacturer’s instructions as previously described [14].

Briefly, cDNA was synthesized from 2 µg of total RNA using
ImProm-II reverse transcriptase (Promega, Madison, WI) and
amplified by RT-PCR using HotStart Taq (Qiagen, Valencia,
CA) and gene-specific primers. 18S ribosomal RNA was used
as an internal RT-PCR control. For quantitative real-time RTPCR (qRT-PCR), cDNAs were amplified using Premix Ex
Taq (TaKaRa, Tokyo, Japan), SYBR Green I (Molecular
Probes, Eugene, OR), and a Step One Plus system (Applied
Biosystems, Foster City, CA).
4. Bisulfite genomic sequencing analyses and pyrosequencing
Genomic DNA (gDNA) was isolated using the QIAamp
DNA mini kit (Qiagen), and 1 µg gDNA was modified using
the EpiTect Bisulfite Kit (Qiagen) according to the manufacturer’s instructions [15]. Sodium bisulfite-modified DNA was
amplified using specific primer sets. PCR products were gelpurified and cloned into TA cloning vectors (RBC Bioscience,
Taipei, Taiwan). Inserted PCR fragments of individual clones
were then sequenced. For pyrosequencing analyses, bisulfite-modified gDNA was amplified using biotinylated
primers specific for the LPHN2 CpG island. Preparation of
single-stranded DNA template, annealing to the pyrosequencing primer, and pyrosequencing were performed using
PyroGold Q96 SQA reagents with a PyroMark ID pyrosequencer (Qiagen) according to the manufacturer’s protocol.
Pyrosequencing was performed using PyroGold Q96 SQA
reagents with a PyroMark ID pyrosequencer (Qiagen)
according to the manufacturer’s protocol [15].
5. Chromatin immunoprecipitation
Chromatin immunoprecipitation (ChIP) assays were performed as previously described [16]. Differences in DNA
enrichment for ChIP samples were determined by qPCR
using 2.5% of the precipitated sample DNA and 0.02% of the
input DNA. PCR primers used for ChIP are available upon
request. Briefly, cells were cross-linked with 1% formaldehyde for 10 minutes and incubated for 5 minutes at room
temperature with 0.125 M glycine to terminate the reaction.
Nuclei were prepared, digested with 50 U micrococcal
nuclease for 15 minutes at 37°C, and sonicated to yield chromatin fragments (200-400 bp). The precleared chromatin was
incubated overnight at 4°C with H3K4me3 (07-473, Millipore,
Billerica, MA), H3K27me2 (07-452, Millipore), H3K9me3
(Ab8898, Abcam, Cambridge, MA), followed by incubation
with protein A agarose (Millipore), which was pre-equilibrated with sonicated salmon sperm DNA and bovine serum
albumin. Immunoprecipitated material was washed extensively, and the crosslinks were reversed. DNA from the
eluted chromatin was purified by phenol extraction and
VOLUME 48 NUMBER 2 APRIL 2016
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ethanol precipitation.
6. Drug treatment and siRNA transfection
5-Aza-2'-deoxycytidine (5-Aza-CdR) was obtained from
Sigma. Cells were seeded 24 hours before treatment and
drugs were administered as noted in the figure legends. Predesigned siRNAs specific for LPHN2 were purchased from
M-biotech (Hanam, Korea) and control siRNAs with scrambled sequences were obtained from Qiagen. To confirm whether LPHN2 expression affects chemosensitivity, siLPHN2
was transfected into DKO, SNU484, and SW480 cells for 8
hours using Lipofectamine 2000 (Invitrogen, Carlsbad, CA)
according to the manufacturer’s instructions. Cells were subsequently plated into 96-well plates and cell viability assays
were performed in the presence of cisplatin.
7. Cell growth inhibition assays
Tetrazolium dye (MTT; Sigma-Aldrich, St. Louis, MO)
assays were used to evaluate the inhibitory effect of cisplatin
or 5-Aza-CdR on cell growth. Cells were seeded in 96-well
plates, incubated for 24 hours, and treated with cisplatin
alone or in combination with 500 nM 5-Aza-CdR for 72 hours
at 37°C. After drug treatment, MTT solution was added to
each well and cells were incubated for 4 hours at 37°C before
removal of the media. Cells were then treated with dimethyl
sulfoxide (Sigma) and the absorbance of the converted dye
in living cells was measured using a microplate reader
(Versa-Max, Molecular Devices, Sunnyvale, CA) at a wavelength of 540 nm. Six replicate wells were used for each
analysis and three independent experiments were performed.

Results
1. Epigenetic silencing of LPHN2 in human gastric and colorectal cancer cells
To identify novel genes silenced by DNA methylation, we
compared the expression profile of HCT116 cells with that
of DKO cells, which are DNMT1/DNMT3B double knockout
HCT116 cells [13]. By comparing microarray expression data
sets, we found 1,164 genes (log2 fold change > 2) whose
expression was responsive to DNMT1/DNMT3B double
knockout (Fig. 1). Among 1,164 differentially-expressed
genes, 782 genes, including latrophilin (LPHN), a neuronal
adhesion G-protein-coupled receptor (GPCR) [17], were
up-regulated in DKO cells compared to control HCT116 cells
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Fig. 1. Microarray analyses of mRNA expression in
HCT116 and DKO cells. Microarray analyses were performed in HCT116 cells and DNMT1/DNMT3B double
knockout derivative DKO cells. Microarray data results
are shown as the log2 expression ratio of genes between
HCT116 and DKO. The black arrow indicates LPHN2.

(Fig. 1). Interestingly, we found that LPHN2 was silenced in
six gastric and 13 colorectal cancer cell lines, respectively
(Fig. 2A and B). LPHN2 has a CpG island located in the promoter and exon 1 region (Fig. 2A), therefore we investigated
the question of whether DNA methylation is responsible for
transcriptional silencing of LPHN2. In bisulfite sequencing
analyses of the two CpG-rich regions within the LPHN2 CpG
island, we found that SNU601 gastric cancer cells and
HCT116, LOVO colon cancer cells, which show low LPHN2
expression, have heavily methylated CpG sites (Fig. 2C). In
contrast, SNU484 gastric cancer cells and DKO and SW480,
two colon cancer cells that express high levels of LPHN2,
have no DNA methylation in the same region (Fig. 2C).
Histone modifications cooperate with DNA methylation
in regulation of gene expression [18]. Therefore, we investigated the question of whether the transcriptional silencing
observed in SNU601 and HCT116 cells was associated with
histone modifications. In our ChIP experiments, consistent
with LPHN2 mRNA expression levels (Fig. 2B), SNU601 and
HCT116 cells were enriched for repressive histone marks,
H3K27 di-methylation (H3K27me2) or H3K9 tri-methylation
(H3K9me3), with low levels of active histone marks, H3K4
tri-methylation (H3K4me3) (blue line) (Fig. 2D). In addition,
results of the ChIP assay from SNU484 and DKO cells showing high LPHN2 expression showed the opposite tendency
compared to SNU601 and HCT116 cells (green line) (Fig. 2D).
Taken together, these data suggest that widespread transcriptional silencing of LPHN2 may be caused by epigenetic
alterations in human gastric and colon cancer cells.
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Fig. 2. (Continued from the previous page) (D) Characterization of chromatin modification patterns around LPHN2. Chromatin
immunoprecipitation (ChIP) assays were performed in SNU601, SNU484, HCT116, and DKO cells using antibodies specific
for the active histone marker H3K4me3 and the inactive histone markers H3K27me2 and H3K9me3. Enrichment was measured using quantitative real-time RT-PCR. Error bars represent the standard error of the mean for triplicate chromatin preparations.

demethylation of LPHN2 CpG islands, the methylation status
of the LPHN2 promoter region was analyzed using pyrosequencing analyses after treatment of SNU601 and HCT116
cells with 5-Aza-CdR. As shown in Fig. 3C, treatment with
500 nM 5-Aza-CdR reduced DNA methylation at the LPHN2
CpG islands in SNU601 and HCT116 cells (Fig. 3C).
Next, because histone modifications were also involved in
epigenetic regulation of gene expression [19], we hypothesized that treatment with 5-Aza-CdR could dynamically
affect histone modifications. Consistent with transcriptional
reactivation and demethylation, results of ChIP assays
showed enrichment of active histone markers (H3K4me3)
near the LPHN2 coding region in SNU601 cells after 5-AzaCdR treatment (Fig. 3D, left). Interestingly, inactive histone
marks (H3K27me2) were also significantly enriched after
treatment with 5-Aza-CdR (Fig. 3D, right), supporting the
previous finding that promoter regions of methylated genes
are frequently enriched by bivalent histone modifications in
human cancer cells [20].
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In summary, LPHN2 mRNA expression was restored after
5-Aza-CdR treatment, followed by demethylation of the
heavily methylated CpG island of the LPHN2 promoter
region. In addition, treatment with 5-Aza-CdR can dynamically affect histone modifications near the LPHN2 coding
region.
3. Methylation status and LPHN2 mRNA levels in primary
gastric and colon tumor tissues
To determine whether DNA methylation-mediated transcriptional silencing of LPHN2 also occurs in human primary
gastric tissue, analysis of LPHN2 mRNA expression and
methylation status was performed using qRT-PCR and
pyrosequencing. Compared with their normal counterparts,
18 of 24 primary gastric tissues (75%) showed low endogenous levels of LPHN2 mRNA (Fig. 4A).
Among these 18 primary gastric tissues, nine of 18 tissues
(50%) have hypermethylated LPHN2 CpG islands (Fig. 4B).
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Next, we examined the question of whether LPHN2
methylation status could influence the chemosensitivity of
cancer cells. First, HCT116 and DKO cells were exposed to
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Fig. 3. (Continued from the previous page) (D) Dynamics of histone modifications after 5-Aza-CdR treatment in SNU601 cells.
Chromatin was prepared from SNU601 cells treated with DMSO or 5-Aza-CdR (500 nM) for 4 days. Enrichment of the active
histone mark (H3K4me3) and inactive histone mark (H3K27me2) was measured using qRT-PCR. Data are presented as the
mean±standard error of the mean for three independent chromatin preparations. 5aza, 5-aza-2'-deoxycytidine.

increasing concentrations of cisplatin and cell viability was
measured after 72 hours. Interestingly, DKO cells without
LPHN2 methylation were more resistant to cisplatin than
their parental HCT116 cells, with methylated LPHN2
(Fig. 5A, left panel). The LPHN2 methylation status and drug
sensitivity to cisplatin were also compared in two gastric cancer cell lines (SNU601 and SNU484) and two colon cancer cell
lines (LOVO and SW480). SNU601 and LOVO cells show a
LPHN2 methylation pattern similar to that of HCT116 cells,
whereas SNU484 and SW480 cells show a methylation pattern similar to that of DKO cells (Fig. 2). As expected, our
results in SNU601 and LOVO cells were similar to results in
HCT116 cells, and those in SNU484 and SW480 were similar
to the results obtained in DKO cells (Fig. 5A, middle and
right panels).
Next, we investigated the combined effect of cisplatin and
5-Aza-CdR on the viability of HCT116, SNU601, and LOVO
cells with methylated LPHN2. Treatment of cells with this
drug combination had an attenuated inhibitory effect on cell
growth compared with cisplatin only (Fig. 5B), suggesting
that the methylation status of the genome may influence the
chemosensitivity of cancer cells to cisplatin.
To further examine whether LPHN2 expression is responsible for the inhibitory effect of cisplatin on cell growth,
knock down of LPHN2 expression was performed using
LPHN2-directed siRNA (Fig. 5C). Cell viability was assessed
after treatment with cisplatin for 72 hours (Fig. 5D). As
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shown in Fig. 5D, reduction of LPHN2 expression enhanced
the anti-proliferative effects of cisplatin in DKO, SNU484,
and SW480 cells. Taken together, these results suggest that
the LPHN2 methylation status shows strong correlation with
cancer cell chemosensitivity to cisplatin.

Discussion
LPHN, a neuronal adhesion GPCR, can stimulate neuronal
exocytosis in vertebrates [11]. The LPHN gene family consists
of LPHN1, LPHN2, and LPHN3 [17]. Among these, genetic
alterations of LPHN2, which is believed to be a p53 target
gene [21], are frequently observed in various human cancers
[22,23]. In the current study, we observed DNA methylationmediated transcriptional silencing of LPHN2 in human gastric and colon cancer.
In comparison of microarray expression data sets, differential expression of LPHN2 was identified in HCT116 cells
and DKO cells, the DNMT1 and DNMT3B double knockout
derivative of HCT116 cells (Fig. 1). High LPHN2 expression
in DKO cells, but not HCT116 cells, could be a presumed
restoration of silenced genes mediated by the lack of DNMTs
in DKO cells [13]. Results of our bisulfite sequencing analyses
confirmed that gastrointestinal cancer cells with undetectable
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transcriptional silencing of LPHN2. Our data highlight its
functional role as an epigenetic biomarker for cisplatin treatment in gastrointestinal cancer.

Conclusion
We propose that epigenetic alterations induce transcriptional inactivation of LPHN2, which intensifies the response
to cisplatin in human gastric and colon cancers. Thus, the
methylation status of LPHN2 is a potential novel epigenetic
biomarker for cisplatin treatment in human gastric and colon
cancers.
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The Effect of Chemoradiotherapy with SRC Tyrosine Kinase Inhibitor,
PP2 and Temozolomide on Malignant Glioma Cells In Vitro and In Vivo

Purpose
We investigated the effect of chemoradiotherapy with PP2 and temozolomide (TMZ) on
malignant glioma cells using clonogenic assays and in vivo brain tumor model.
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Materials and Methods
The effect of PP2 on radiosensitivity of U251 and T98G cells was investigated using clonogenic assays. The expression of E-cadherin, matrix metalloproteinases 2 (MMP2), Ephrin
type-A receptor 2 (EphA2), and vascular endothelial growth factor (VEGF) was measured by
Western blotting and an accumulation of $H2AX foci 6 hours after radiotherapy was measured after PP2 treatment. The effect of PP2 on migration, invasion, and vasculogenic mimicry formation (VMF) of U251 cells was evaluated. In an orthotopical brain tumor model with
U251 cells, PP2 was injected intraperitoneally with or without oral TMZ before, during and
after whole brain radiotherapy. Bioluminescence images were taken to visualize in vivo
tumors and immunohistochemical staining of VEGF, CD31, EphA2, and hypoxia-inducible
factor 1a was performed.
Results
PP2 increased radiosensitivity of U251 and T98G cells without decreasing survival of normal
human astrocytes. Chemoradiotherapy with PP2 and TMZ resulted in increased accumulation of $H2AX foci. PP2 induced overexpression of E-cadherin and suppression of MMP2,
VEGF, and EphA2. PP2 also compromised invasion, migration, and VMF of U251 cells. In
brain tumors, chemoradiotherapy with PP2 and TMZ decreased tumor volume best, but not
statistically significantly compared with chemoradiotherapy with TMZ. The expression of
VEGF and CD31 was suppressed in PP2-treated tumors.
Conclusion
PP2 enhances radiosensitivity of malignant glioma cells and suppresses invasion and
migration of U251 cells. Chemoradiotherapy with PP2 and TMZ resulted in non-significant
tumor volume decrease.

Introduction
Malignant gliomas are the most common neoplasm arising
in the central neural system in adults. Among these, glioblastoma (GBM) has the worst prognosis despite aggressive mul│ http://www.e-crt.org │

Key words
SRC tyrosine kinase inhibitor, PP2, Temozolomide,
Glioblastoma, Radiotherapy

timodality treatment. The standard treatment for GBM for
several decades was radiotherapy. With the advent of temozolomide (TMZ), TMZ was incorporated as an essential component into a standard treatment for GBM [1]. Several
molecular markers are used in clinical diagnosis of GBM [2]
and among them, methylation of the O6-methylguanineCopyright ⓒ 2016 by the Korean Cancer Association
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DNA methyltransferase (MGMT) promoter gene is predictive of treatment outcomes of GBM. Nonetheless, the actuarial survival rate of patients with GBM remains disappointing
because overall survival of patients with MGMT promoter
methylation is only 46% at 2 years despite of chemoradiotherapy with TMZ [3]. Thus, it is essential to improve therapeutic efficacy while minimizing toxicity.
Infiltrative growth of GBM often results in incomplete surgical removal of tumors and large treatment volume owing
to wider margin of radiotherapy. Inhibiting invasion or
migration of GBM is therefore a promising strategy to
improve treatment outcomes. Because SRC tyrosine kinase
regulates actin dynamics and invasion of malignant glial cells
[4], it is a strong candidate. SRC tyrosine kinase is an enzyme
encoded by the SRC gene that belongs to a family of nonreceptor tyrosine kinases (RTKs) [5]. It interacts with many
intracellular proteins including growth factor receptors,
integrins, and Eph kinase, and mediates signals from the
extracellular matrix. SRC tyrosine kinase activity is elevated
in GBM cells relative to normal brain cells [6,7] and SRC
tyrosine kinase inhibitors (TKIs) inhibit cell invasion and
migration in GBM cell lines [7-9]. Ionizing radiation enhances
invasion of glioma cells through SRC/epidermal growth factor receptor–mediated p38/AKT and phosphatidylinositol
3-kinase/AKT signaling pathways [10]. In addition, SRC TKI
AZD0530 blocks invasion and may act as a radiosensitizer in
lung cancer cells [11] and SRC TKI Su6656 enhances antiangiogenic effect of irradiation [12].
Therefore, we investigated whether combined treatment
of TMZ and SRC TKI, PP2 would inhibit migration and
growth of glioma cells and improve the therapeutic effect of
radiotherapy using in vitro clonogenic assays and an in vivo
human brain tumor xenograft model in nude mice.

2. Inhibitors
The SRC TKI PP2 (4-amino-5-(4-chlorophenyl)-7-(t-butyl)
pyrazolo[3,4-d]pyrimidine; Calbiochem, Darmstadt, Germany) was prepared as a concentrated stock solution in
dimethyl sulfoxide (Sigma-Aldrich, St. Louis, MO). TMZ
(Schering-Plough, Kenilworth, NJ) was prepared by dissolving in 10 µM sodium chloride. After serial experiments to test
the effect of 2.5-20 µM of PP2, 25-100 µM of TMZ, and combination of both inhibitors by optical density measurement
of cell suspension, 10 µM PP2 and 25 µM TMZ were selected
for further experiments.
3. Clonogenic assay
These experiments were performed as described previously using 6 megavoltage X-rays (Clinac 21EX, Varian Medical Systems, Palo Alto, CA) [13]. On the first day of
treatment the medium was replaced with DMEM-lacking
FBS and containing vehicle control or 10 µM PP2, with
or without 25 µM TMZ. After 24 hours, the medium was
replaced with DMEM containing 10% FBS. Survival data
were fitted to a linear-quadratic model using Kaleidagraph
ver. 3.51 (Synergy Software, Reading, PA). Sensitizer enhancement ratios (SER) of human glioma cells was calculated as
radiation dose needed with radiation alone divided by the
radiation dose needed with inhibitors at surviving fraction
(SF).
4. !H2AX foci formation assay
After treating inhibitors for 24 hours, cells were irradiated
with 6 Gy. After 6 hours of radiotherapy, !H2AX foci formation assay was performed as described previously [14].
5. Modified Boyden chamber assay

Materials and Methods
1. Cell lines and culture conditions
Human glioma cell lines U251 and T98G (American Tissue
Culture Collection, Rockville, MD) were authenticated by the
company’s routine Cell Biology Program and used within 6
months of receipt. Cells were maintained and cultured in
Dulbecco’s modified Eagle medium (DMEM; Lonza, Allendale, NJ) media containing 10% fetal bovine serum (FBS;
Gibco, Grand Island, NY) at 37°C in 5% CO2 using standard
techniques.

Cell migration was measured using a Transwell system
(Corning, Rochester, NY) that allows cells to migrate through
8-µm pores in polycarbonate membranes. Inserts containing
cancer cells were incubated in 24-well plates in serum-free
medium and cells were harvested by trypsinization. An
aliquot of 104 cells was added to the upper chamber and
DMEM was placed in the lower chamber of Transwells, and
incubated for 24 hours with or without inhibitors. The inserts
were fixed in methanol, stained with 1% crystal violet, and
three representative fields were photomicrographed.
6. Wound healing assay
Cells were cultured until confluent in 6-well plates (SonicSeal Slide, Nalge Nunc, Rochester, NY) and starved for 24
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hours. Each well was divided into a 2!3 grid. A linear wound
was made in each hemisphere of the well using a 1-mL
pipette tip and the medium was replaced with starvation
medium. After 24 hours of inhibitor treatment, images were
obtained of the intersections of the linear cell wound and
each grid line. Migration rate was estimated from the distance that the cells moved, determined microscopically.

was performed with a 6 MeV electron beam (Clinac 21EX) to
cover the whole brain of the mouse. A total of 9 Gy was
delivered with a daily dose of 3 Gy on days 15, 17, and 19.
Bioluminescence images were obtained 2 weeks after radiotherapy as described. Mice were sacrificed on day 35 according to the Institutional Animal Care and Use Committee
(IACUC) protocol unless they became symptomatic from the
intracranial tumor burden.

7. Vasculogenic mimicry formation assay
Vasculogenic mimicry (VM) formation assay was performed using a commercial Matrigel assay kit (BD Biosciences, Le-Pont-de-Claix, France). ECM Matrigel (200 µL)
was placed in 48-well tissue culture plates and incubated at
37°C for 2 hours. Cells were treated with TMZ (25 µM) with
or without PP2 (10 µM), and seeded onto the coated plate.
After incubation for 24 hours with or without inhibitors, VM
formation was assessed using an inverted microscope.
8. Western blotting
These experiments were performed as described previously [14]. Primary antibodies against p-SRC (Thy416),
phopho-epidermal growth factor receptor (p-EGFR) (Tyr
1068), p-AKT (Ser473), p-ERK (Tyr202/204), E-cadherin,
matrix metalloproteinase 2 (MMP2), and Ephrin type-A
receptor 2 (EphA2) were used at 1:1,000 dilutions. Primary
antibodies against vascular endothelial growth factor (VEGF)
and #-actin (Santa Cruz Biotechnology, Santa Cruz, CA)
were used at a dilution of 1:500 and 1:1,000, respectively.

10. Cryosection and immunohistochemical stains of harvested tumors
Cryosections were performed as described by Fischer et al.
[15]. Slides were incubated overnight with primary antibody
against VEGF, CD31, EphA2, and HIF1% (Cell Signaling
Technology, Danvers, MA), followed by incubation with secondary Alexa Fluor 488-conjugated donkey anti-goat antibody (Molecular Probes, Eugene, OR) for 1 hour. Slides were
treated with 1 µg/mL 4&,6-diamidino-2-phenylindole for 5
minutes to counterstain nuclei and examined on an Axio
Scope A1 Microscope (Carl Zeiss, Gottingen, Germany).
Images were captured and acquired using AxioCam MRc5
and acquisition software AxioVision v.4.4 (Carl Zeiss).
11. Statistical analysis
Statistical analysis used IBM SPSS ver. 20 (IBM Corp.,
Armonk, NY). Student’s t test was used to analyze statistical
significance as applicable. Null hypotheses of no difference
were rejected if p-values were less than 0.05.

9. In vivo imaging of a human brain tumor model in nude
mice
U251 cells (3!105 cells) were injected intracranially using a
26-G needle attached to a Hamilton syringe with freehand
technique over 1 minute. On day 7 of cell implantation, the
pGL4 luciferase reporter vector (Promega, Madison, WI) 150
mg/kg was injected intraperitoneally and after 15 minutes,
mice were anesthetized with 1%-2% isoflurane as usual.
In vivo bioluminescence images were obtained using the IVIS
Lumina II (Xenogen, Alameda, CA) to identify intracranial
implants.
Mice were randomly assigned to the experimental or control group and were treated over three weeks as follows: (1)
radiotherapy alone group: phosphate buffered saline was
injected intraperitoneally on days 8, 10, 12, 15, 17, 19, 22, 24,
and 26; (2) inhibitor treatment group: PP2 (10 mg/kg) was
injected intraperitoneally and TMZ (50 mg/kg) was given
orally per day on the same treatment day as in the control
group.
Two hours after inhibitor treatment, external radiotherapy

Results
1. Radiosensitizing effect of PP2 in U251 and T98G cells
We first performed clonogenic assays to evaluate the
radiosensitizing effect of PP2 (Fig. 1). Combination of PP2
with TMZ resulted in an additive cytotoxic effect in U251 and
T98G cells. The SER at a SF 0.5 for PP2 was 1.15, for TMZ
1.41, and PP2 plus TMZ 1.54 in U251 cells. In T98G cells, the
SER at a SF 0.5 for PP2 was 1.16, for TMZ 1.26, and PP2 plus
TMZ 1.38. U251 cells, which have a high proportion of
methylated MGMT with low MGMT protein expression [16],
were more radiosensitive by TMZ. In contrast, T98G cells
with a low proportion of methylated MGMT and intermediate MGMT protein expression were less radiosensitive by
TMZ. PP2 induced additional cytotoxic effect on glioma cells
irrespective of MGMT methylation status.
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Fig. 1. Clonogenic assays of U251 and T98G cells after treating PP2, temozolomide (TMZ), or both. Cell surviving curves
after treating PP2 (10 µM), TMZ (25 µM), or both were generated. The points indicate the mean surviving fractions at each
dose level (±standard error). The lines are fitted to linear-quadratic equations. An addition of PP2 to TMZ showed an additive
cytotoxic effect both in U251 and T98G cells. Sensitizer enhancement ratios (SER) were defined as isoeffective dose at surviving fraction 0.5 or 0.05. PP2 induced radiosensitization in U251 and T98G cells irrespective of MGMT promoter methylation. EGFR, epidermal growth factor receptor; RT, radiotherapy.

2. Impairment of DNA damage repair following irradiation
Since DNA double strand breaks (DSBs) induced by radiotherapy are responsible for cell death, repair of DSBs is cru-
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cial for cellular survival. We examined whether pretreatment
with SRC TKI before radiotherapy inhibits DNA DSBs repair
by measuring !H2AX foci formation 6 h after radiotherapy.
Pretreatment with PP2 combined with TMZ resulted in
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Fig. 2. Representative images of !H2AX foci formation in U251 cells. !H2AX foci formation was measured in U251 cells
after treating PP2 (10 µM), temozolomide (TMZ, 25 µM), or both. The nuclei stained by DAPI are shown in blue, while the
!H2AX foci stained by FITC are shown in green. Increased accumulation of !H2AX foci after treating PP2 and TMZ was
confirmed by indirect immunofluorescence 6 hours after radiotherapy (6 Gy), indicating delayed DNA double strand breakage repair. All differences between the groups (6 Gy vs. 6 Gy+TMZ, p=0.014; 6 Gy+TMZ vs. 6 Gy+PP2, p=0.020; 6 Gy+PP2
vs. 6 Gy+TMZ+PP2, p=0.016) were statistically significant.

increased accumulation of !H2AX foci, indicating PP2
induced delayed repair of DNA DSBs (Fig. 2). All differences
between the groups (6 Gy vs. 6 Gy+TMZ, p=0.014; 6 Gy+
TMZ vs. 6 Gy+PP2, p=0.020; 6 Gy+PP2 vs. 6 Gy+TMZ+PP2,
p=0.016) were statistically significant.
3. PP2 inhibits glioma cell invasion, migration, and VM formation
We evaluated whether PP2 can inhibit invasion and
migration of U251 cells. In a modified Boyden chamber
assay, cell migration was inhibited by PP2, with or without
TMZ (Fig. 3A). TMZ did not affect migration of U251 cells
and the number of migrating cells in the control did not
differ statistically from that of TMZ-treated cells (p=0.468).
However, pretreatment with PP2 markedly suppressed
migration of U251 cells. The relative migration of inhibitortreated cells compared to the control was 0.993±0.131
(p=0.465) for TMZ, 0.252±0.078 (p < 0.001) for PP2, and
0.200±0.066 (p < 0.001) for TMZ plus PP2.
In a wound healing assay, PP2 inhibited invasion of U251
cells, whereas TMZ did not (Fig. 3B). The relative invasion
ability of inhibitor-treated cells compared to the control was
0.992±0.122 (p=0.461) for TMZ, 0.257±0.050 (p < 0.001) for
PP2, and 0.116±0.010 (p < 0.001) for TMZ plus PP2. PP2 combined with TMZ did not differ from PP2 alone in suppressing
invasion of U251 cells. As malignant gliomas can exhibit
VM, which is related to aggressiveness and mesenchymal
transition of cancer cells or poor survival of patients, we

investigated the effect of PP2 on VM formation. As shown in
Fig. 3C, pretreating PP2, with or without TMZ, inhibited VM
formation.
4. Changes in protein expression following PP2 and TMZ
treatment
To investigate changes in protein expression associated
with invasion or migration of U251 cells, proteins related to
cell adhesion or vascular proliferation, including E-cadherin,
MMP2, EphA2, and VEGF, were evaluated using Western
blotting. As shown in Fig. 4, pretreatment with TMZ did not
alter the expression of these proteins, whereas PP2 treatment
resulted in suppression of MMP2, EphA2, and VEGF and
overexpression of E-cadherin in U251 cells.
5. Effect of PP2 on normal human astrocytes
To assess whether SRC TKI has a cytotoxic effect on normal human astrocytes (NHAs) in the concentration of 10 µM,
we examined the SF2 of NHAs after treating inhibitors (Fig.
5). PP2 did not decrease SF2 compared with control, suggesting that SRC TKI does not affect the viability of NHAs. SF2
of PP2 plus TMZ was not different from that of TMZ alone.
6. In vivo tumor response after PP2 treatment and radiotherapy
As shown Fig. 1, in vitro experiments revealed that PP2
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Fig. 3. Representative images of modified Boyden chamber assay (A), wound healing assay (B), and vasculogenic mimicry
(VM) formation assay (C). (A) U251 cells were treated with PP2 (10 µM), temozolomide (TMZ, 25 µM), or both for 24 hours,
and cell invasion was measured using a Transwell system with 8-µm pores in polycarbonate membranes. Results are
expressed as a ratio of radiotherapy alone (control). (B) U251 cells were grown to confluence in 6-well plates and then starved
for 24 hours. A linear scratch was made in each hemisphere of the well with 1-mL pipette tip. Images were taken of the
intersections of linear cell wound and each grid line. (C) Two hundred microliters ECM Matrigel was dropped in 48-well
tissue culture plates and then incubated at 37°C for 2 hours. Column, bar, and asterisk represent the mean of three independent experiments, standard error, and statistical significance of p < 0.05 when compared with control, respectively.
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induced additional cell death of U251 cells irrespective of
TMZ. We investigated whether adding PP2 to TMZ would
result in enhanced local control of brain gliomas using a
human brain tumor xenograft model in nude mice. Radiotherapy alone induced tumor shrinkage, but failed to achieve
complete remission (Fig. 6A). Chemoradiotherapy with TMZ
markedly shrank tumors and chemoradiotherapy with PP2
and TMZ led to non-visualization of tumors, indicating an
additional radiosensitization by PP2.
As semi-quantitative analyses, the area and mean intensity
of luminescence were measured and compared to each other.
There was a significant difference between control and
inhibitor-treated groups in the area of luminescence
(p=0.025, p=0.004, and p=0.004 for PP2, TMZ, and PP2 plus
TMZ, respectively). Fig. 6B shows a trend that combination
of PP2 and TMZ results in a smaller area of luminescence
than TMZ or PP2 alone, but it was not statistically significant.
TMZ-treated groups had smaller mean intensity than control
or radiotherapy alone (Fig. 6C). However, the difference
between TMZ and PP2 plus TMZ group was not significant.
7. Immunohistochemical stains of brain tumors
To elucidate changes of protein expression induced by PP2
in vivo model, we performed immunohistochemical staining
with antibodies against VEGF, CD31, EphA2, and HIF1%.
As shown in Fig. 7, expression of VEGF and CD31 were
down-regulated in PP2-treated tumors relative to radiotherapy alone or RT plus TMZ tumors, suggesting that PP2 may

Fig. 5. The surviving fraction at 2 Gy (SF2) of X-ray in normal human astrocytes. SF2 was measured after treating
PP2 (10 µM), temozolomide (TMZ, 25 µM), or both. The
points indicate the mean surviving fractions at each dose
level. Column and bar represent mean of three independent experiments and standard error, respectively.

suppress angiogenesis in vivo tumor as well as in vitro cells.
Expression of EphA2 and HIF1% were not influenced by PP2
in vivo tumors.

Discussion
In this study, we evaluated the effect of combined therapy
with TMZ and SRC TKI PP2 on malignant glioma cells using
in vitro and in vivo experiments. Our data demonstrated that
pretreating PP2 (10 µM) leads to a small, but additive cytotoxic effect in in vitro experiments and this effect is independent of MGMT promoter methylation status of glioma cells
when combined with radiotherapy, suggesting that SRC
tyrosine kinase can be a novel target for GBM. PP2 did not
induce cytotoxicity of NHAs at the same concentration. As
shown in Fig. 2, pretreating PP2 demonstrated delayed
repair of DNA DSBs induced by radiotherapy. The combination of PP2 with standard treatment of malignant gliomas
(radiotherapy with TMZ) was tested in an in vivo brain tumor
model using nude mice, in which the PP2 combination
resulted in a trend of tumor volume decrease, suggesting
avenues for future research.
Infiltrative growth is a key characteristic of malignant
gliomas, which hinders complete surgical removal of gliomas and often results in local recurrence despite aggressive
treatment. Suppressing invasion and/or migration of glioma
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Fig. 6. (A) Representative bioluminescence images of human brain tumor xenograft in nude mice. U251 cells were injected
orthotopically into thalamic area using a 26G needle with syringe. Bioluminescence images were obtained 7 days after
injection, and then randomly assigned to control or experimental groups as follows: control, radiotherapy (XRT), XRT+PP2,
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a smaller area of luminescence than TMZ or PP2 alone, but it was not statistically significant. Bar represents standard error.
(C) TMZ-treated groups had smaller mean intensity than control or radiotherapy alone. However, the difference between
TMZ and PP2 plus TMZ group was not significant.

cells is a possible strategy to overcome the dismal prognosis
of GBM.
In a modified Boyden chamber assay and wound healing
assay that measures invasion and migration ability of cancer
cells, PP2 significantly inhibited both invasion and migration
of U251 cells (Fig. 3). It is generally accepted that loss of
E-cadherin, which may affect cell-to-cell adhesion and relate
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to invasive property, is a fundamental event in epithelialmesenchymal transition. In this study, pretreating PP2
resulted in overexpression of E-cadherin, and suppression of
MMP2 and EphA2 in U251 cells (Fig. 4). These suggest that
PP2 may inhibit invasion and migration ability of U251 cells
through affecting adhesion molecules such as E-cadherin.
These results are consistent with other studies, in which SRC
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Fig. 7. Immunohistochemical stains of in vivo human brain tumors in nude mice. Immunohistochemical staining with antibodies against vascular endothelial growth factor (VEGF), CD31, Ephrin type-A receptor 2 (EphA2), and hypoxia-inducible
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regulates actin dynamics and invasion of malignant glial
cells. [4]
Neovascularization is essential for the rapid growth of
tumors and is a crucial characteristic of malignant gliomas.
Some targeting agents, such as bevacizumab, a monoclonal
antibody to VEGF-A, aim to suppress neovascularization of
tumors and as a consequence, inhibit tumor growth [17]. In
clinical practice, bevacizumab is a second-line drug to
salvage recurrent GBM [18]. In this study, we measured the
effect of PP2 on the expression of VEGF using Western blotting and tested VM formation of U251 cells. VEGF expression
was down-regulated and VM formation is strongly inhibited
by PP2 in U251 cells, suggesting that SRC TKI inhibits neovascularization of malignant gliomas. In the orthotopic brain
tumor model, the expression of VEGF and CD31 in
implanted brain tumors was also suppressed as shown in
Fig. 7. These results strongly suggest an anti-angiogenic
potential of SRC TKI in malignant gliomas. Moreover,
suppressing SRC family kinase (SFK) signaling can inhibit
Bevacizumab-induced GBM cell invasion, suggesting a possible strategy to overcome treatment resistance of GBM [19].
Suppression of MMP2 might help restore radiation sensitivity in glioma cells. MMP2 is implicated in the invasiveness
of glioma cells, which converts the pro-form of MMP2 into
the active form through the urokinase-type plasminogen
activator-plasmin cascade [20]. Ionizing radiation enhances
MMP2 secretion and facilitates invasion of glioma cells
through SRC/EGFR-mediated phosphoinositide 3-kinase
(PI3K)/AKT pathways [10], providing a possible mechanism
for the development of resistance to radiotherapy in malignant glioma. Our findings showed that PP2 decreased the
expression of MMP2 in glioma cells, suggesting a possible
mechanism of action regarding migratory inhibition of PP2
in glioma cells.
Erythropoietin-producing human hepatocellular carcinoma (Eph) receptors constitute the largest family of RTKs
in the human genome [21]. In general, Eph receptors influence normal development of brain vasculature and affect
brain function, including regulation of synaptic structure.
Eph receptors are subdivided into EphA and EphB subgroups based on sequence homology and ligand-binding
specificity. Among these, EphA2 is highly overexpressed in
several carcinomas including breast, gastric, and prostate
cancer and is a novel target for anti-cancer therapy. Several
authors have demonstrated a relationship between EphA2
expression and proliferative activity of gliomas [22]. Up-regulation of EphA2 promotes angiogenesis in brain tumors and
is associated with poor prognosis of malignant gliomas [23].
Zhuang et al. [24] reported that in breast cancer, EphA2
related to trastzumab resistance is regulated by SRC tyrosine
kinase. In contrast, in T-cell lymphoma, EphA2 activation
leads to phosphorylation of SFK and PI3K activation [25]. In
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this study, EphA2 was down-regulated in U251 cells by PP2
treatment. In sum, these findings suggest a possibility of
crosstalk between SRC tyrosine kinase and EphA2 in cancer
cells. However, the expression of EphA2 was not suppressed
by PP2 in in vivo brain tumors; thus further study of the
mechanism is warranted.
A drawback of this study lies in the failure to demonstrate
a significant difference in tumor volume decrease between
TMZ and combination with TMZ and PP2. This may have
derived from the dramatic volume decrease of TMZ-treated
tumors that make it difficult to detect a significant difference
between standard treatment and PP2 combination. However,
as shown in Fig. 5, brain tumors in the combination treatment group were non-visualized and an addition of PP2 to
TMZ showed a trend toward volume decrease.

Conclusion
In this study, effects of chemoradiotherapy with SRC TKI,
PP2 and TMZ in U251 cells are reported. These data show
that adding PP2 to TMZ leads to additive cytotoxicity of
U251 cells and decreased migration and invasion ability of
U251 cells. Delayed DSBs repair after radiotherapy was
observed when PP2 was administered. The underlying
mechanism appears to involve suppression of MMP2, which
might restore sensitivity to radiotherapy, and overexpression
of E-cadherin, which might affect cell-to-cell adhesion. Moreover, PP2 is related to suppression of VEGF, CD31 and
EphA2. These data provide evidence for combined chemoradiotherapy with TMZ and PP2 on glioma cells and present a
feasible strategy to improve the therapeutic outcome in
malignant gliomas.
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BRAF-Activated Long Noncoding RNA Modulates Papillary Thyroid
Carcinoma Cell Proliferation through Regulating Thyroid Stimulating
Hormone Receptor
Purpose
The importance of long noncoding RNAs (lncRNAs) in tumorigenesis has recently been
demonstrated. However, the role of lncRNAs in development of thyroid cancer remains
largely unknown.
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Materials and Methods
Using quantitative reverse transcription polymerase chain reaction, expression of three lncRNAs, including BRAF-activated long noncoding RNA (BANCR), papillary thyroid cancer susceptibility candidate 3 (PTCSC3), and noncoding RNA associated with mitogen-activated
protein kinase pathway and growth arrest (NAMA), was investigated in the current study.
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Results
Of the three lncRNAs (BANCR, PTCSC3, and NAMA), expression of BANCR was significantly
up-regulated while PTCSC3 and NAMA were significantly down-regulated in papillary thyroid
carcinoma (PTC) compared to that in normal tissue. BANCR-knockdown in a PTC-derived
cell line (IHH-4) resulted in significant suppression of thyroid stimulating hormone receptor
(TSHR). BANCR-knockdown also led to inhibition of cell growth and cell cycle arrest at G0/G1
phase through down-regulation of cyclin D1. In addition, BANCR was enriched by polycomb
enhancer of zeste homolog 2 (EZH2), and silencing BANCR led to decreased chromatin
recruitment of EZH2, which resulted significantly reduced expression of TSHR.
Conclusion
These findings indicate that BANCR may contribute to the tumorigenesis of PTC through
regulation of cyclin D1 and TSHR.

Introduction
Thyroid cancer, the most common malignant tumor of the
endocrine organs, has shown steadily increasing morbidity
in recent decades [1]. Papillary thyroid carcinoma (PTC) is
the main form of nonmedullary thyroid cancer, accounting
for approximately 80% of all thyroid cancers [2]. In addition
to genetic factors and environmental exposure, recent studies
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have found that epigenetic alteration may also play an important role in development of variety types of tumors including thyroid cancer. In this regard, involvement of long noncoding RNAs (lncRNAs), particularly BRAF-activated long
noncoding RNA (BANCR), papillary thyroid cancer susceptibility candidate 3 (PTCSC3), and noncoding RNA associated with mitogen-activated protein kinase pathway and
growth arrest (NAMA), in regulation of thyroid cancer cell
survival and apoptosis has been reported [3-5].
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LncRNAs utilize a variety of mechanisms in regulation of
gene expression including chromatin modification, transcriptional, or post-transcriptional modulation. Through binding
to nuclear protein such as polycomb enhancer of zeste homolog 2 (EZH2), a histone methyltransferase, lncRNAs modify
histone and by this mechanism, lncRNAs regulate expression
of target genes [6,7]. Cis- (stimulate) and trans-regulation
(repress) are two main types of transcriptional regulation,
under which lncRNAs can target genomically local and distant genes, respectively. Post-transcriptional regulation by
lncRNAs includes mRNA splicing, editing, trafficking, translation, and degradation.
Thyroid stimulating hormone (TSH), also known as thyrotropin, is a pituitary hormone that stimulates the thyroid
through binding to its receptor (TSHR). TSHR is found
mainly on thyroid follicular cells and aberrant expression of
TSHR may be involved in development of thyroid cancer as
well as Grave’s disease [8-11].
While altered expression of lncRNAs, including BANCR,
PTCSC3 and NAMA, has been reported in a variety of cell
types of thyroid cancer [3-5], the role of these lncRNAs in
modulating TSHR expression, has not been reported. Therefore, the current study was designed to investigate expression of BANCR, PTCSC3, and NAMA in thyroid cancer
tissues, and the role of these lncRNAs in regulation of TSHR
in a thyroid cancer cell line. Here, we report that three lncRNAs, BANCR, PTCSC3, and NAMA, were differentially
expressed in PTC tissue and its adjacent normal tissue.
BANCR-knockdown resulted in significantly suppressed
proliferation of PTC-derived cell line, IHH-4. In addition,
BANCR was enriched by EZH2 and interference of BANCR
led to decreased chromatin recruitment of EZH2 and resulted in significant reduction in TSHR expression.

Materials and Methods
1. Cell culture
A human PTC-derived cell line, IHH-4, was used for in
vitro cell culture experiments. IHH-4 cell line was cultured
with RPMI1640 medium supplemented with 10% fetal calf
serum at 37°C and 5% CO2 atmosphere. Passages 5 to 10 were
used in the current study.
2. Transfection of cells with BANCR siRNA
Transfection was performed following the manufacturer’s
instruction. Briefly, IHH-4 cells were grown to 75% confluency on 60-mm dishes in RPMI1640 supplemented with 10%

fetal calf serum. Lipofectamine-2000 (24 µL; Life Technology,
Grand Island, NY) was mixed with 400 µL of serum- and
antibiotic-free Opti-MEM (Life Technology) for each dish
transfected, and allowed to sit at room temperature for 5
minutes. Simultaneously, 48 µL of each siRNA (GE Dharmacon, Lafayette, CO) was mixed with 800 µL of Opti-MEM (for
each dish) and likewise incubated. The two suspensions were
then combined and incubated for an additional 20 minutes
at room temperature. After washing cell layers gently with
phosphate bufferd saline (PBS), 1.2 mL of the mixture with
the addition of 0.8 mL Opti-MEM was added to each dish,
followed by incubation overnight (18 hours) at 37°C and 5%
CO2. Cells were then fed normal growth medium and used
for experimentation as designed. Non-targeting control
siRNA (GE Dharmacon) was used as a negative control.
3. Cell proliferation assay
Cell proliferation was assessed using a Cell Counting Kit8 (CCK-8; Beyotime Institute of Biotechnology, Jiangsu,
China). Briefly, 24 hours after transfection with controlsiRNA or BANCR-siRNA, cells were trypsinized and plated
in triplicate wells of a 96-well plate at a density of 2!103
cells/well. Cells were allowed to grow in RPMI1640 supplemented with 10% fetal calf serum for 5 days. The number of
cells per well was determined by the absorbance at 450 nm
at indicated time points, following the manufacturer’s
instructions. Data were expressed as value of optical density
at 450 nm wave length.
4. Clonogenic assay
Clonogenic assay was performed with a modification of a
previously published method [12]. Briefly, after completion
of siRNA transfection, the cells were plated into 60-mm tissue culture dishes in triplicate and at a cell density of 100
cells/dish. Cells were then allowed to grow in RPMI1640
supplemented with 10% fetal calf serum for 14 days. Cells
were then fixed and stained with Diff-Quick. After air drying, colonies were counted under a microscope and cell number in each colony was at least 20 cells.
5. Cell cycle analysis by flow cytometry
After transfection with siRNA, cells were cultured in
RPMI1640 supplemented with 10% fetal calf serum for an
additional 48 days. Cells were then trypsinized and suspended with RPMI1640 containing 10% serum. Cells were
then pelleted, suspended with cold ethanol/PBS at a ratio of
2.5:1 and fixed at 4°C for at least 30 minutes. Cells were then
stained with propidium iodide solution for 30 minutes as
described previously [13]. Cell cycle and DNA content were
VOLUME 48 NUMBER 2 APRIL 2016
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then analyzed by flow cytometry.

using SYBR Green Mix (Takara Bio, Otsu, Japan).

6. Quantitative real time reverse transcription polymerase
chain reaction

9. RNA immunoprecipitation assay

Total RNA from cells or tissue was extracted using Trizol
(Life Technology). After RNA quantification with Nanodrop
1000 (Thermo Scientific, Wilmington, DE), reverse transcription was performed using a commercially available kit (Applied Biosystem, Life Technology, Grand Island, NY) following the manufacturer’s instructions. Quantitative real time
polymerase chain reaction (PCR) was then performed using
commercially available pre-synthesized probe/primers and
reagents, and the 7500 Real Time System (Applied Biosystems, Life Technology) following the manufacturer’s instructions. Each reaction was performed in triplicate, and the
2$''Ct method was used to determine the relative gene
expression levels. As an internal control, 18s RNA was used
to normalize the data.
7. Immunoblotting
Proteins of total cell lysate or proteins from the tissue were
extracted using RIPA lysis and extraction buffer. After brief
sonication and centrifugation, protein concentration was
determined using a Bio-Rad protein assay kit (Bio-Rad, Hercules, CA). A total of 10 µg protein was electrophoresed on a
10% sodium dedecyl sulfate polyacryamide gel and subsequently transferred to a polyvinylidene difluoride membrane
(Bio-Rad). The membrane was blocked with 5% skimmed
milk in Tris-buffered saline containing 0.1% Tween-20
(TBST) at room temperature for 1 hour. The membrane was
then incubated with the desired primary antibodies (1:1,000
dilution) at 4°C overnight. The next day, the membrane was
washed 3 times with TBST, followed by incubation with
horseradish peroxidase-conjugated secondary anti-rabbit or
anti-mouse antibody (1:4,000, Rockland, Limerick, PA) at
room temperature for 1 hour. After washing 3 times with
TBST, the membrane was developed using ECL Plus (EMD
Millipore, Billerica, MA), and exposed to X-ray film. #-Actin
was used as an internal loading control.

RNA immunoprecipitation (RIP) assay was performed
using a Magna RIP RNA-Binding Protein Immunoprecipitation Kit (Millipore) following the manufacturer’s instructions. The anti-EZH2 antibody and IgG (as control) was used
for RIP (Cell Signaling Technology). Co-precipitated RNAs
were detected by quantitative reverse transcription polymerase chain reaction (RT-PCR). Total RNAs (input controls)
and isotype controls were assayed simultaneously to demonstrate that the detected signals were the result of RNAs
specifically binding to EZH2.
10. Tissue sample collection
With informed consent, a total of 40 pairs of specimens of
human PTC and adjacent normal tissue were obtained from
surgical procedures performed at Yantai Yuhuangding Hospital from September 2013 to November 2014 (Yantai, Shandong, China). The protocol of the current study was approved by the Protection of Human Ethics Committee, College
of Medicine, Qingdao University (Qingdao, Shandong,
China). PTC diagnosis was pathologically confirmed, tissues
were snap frozen with liquid nitrogen, and stored at –80°C
till RNA extraction.
11. Statistical analysis
Data were analyzed using PRISM 6 software (GraphPad,
La Jolla, CA), and expressed as mean±standard deviation of
the data from at least three separate experiments. Paired data
were analyzed by Student’s t test, and group data were analyzed by one-way analysis of variance (ANOVA) followed
by Tukey correction, as appropriate. p < 0.05 was considered
significantly different in comparison.

Results

8. Chromatin immunoprecipitation assay
1. Differential expression of three lncRNA in PTC
Chromatin immunoprecipitation (ChIP) assay was performed using an EZ ChIP Chromatin Immunoprecipitation
Kit (Millipore, Bedford, MA) following the manufacturer’s
instructions. Briefly, cross-linked chromatin was sonicated
into 200-bp to 1,000-bp fragments. The chromatin was immunoprecipitated using anti-EZH2 antibody (Cell Signaling
Technology, Beverly, MA). Normal mouse IgG was used as
a negative control. Quantitative PCR was then performed
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A total of 40 pairs of PTC tissue and its adjacent normal
tissue were obtained from clinically ongoing surgical specimens with informed consent. Cellular types of the PTCs were
PTC with poorly differentiated area (6 cases), follicular variant (15 cases), diffuse sclerosing variant (8 cases), and CP
classical PTC (21 cases). To examine the role of lncRNAs in
the pathogenesis of thyroid carcinoma, expression of three
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Fig. 1. Expression of long noncoding RNAs (lncRNAs) in papillary thyroid carcinoma (PTC) in comparison to adjacent normal tissue. Total RNA was extracted from PTC tissue and its adjacent normal tissue, and expression of BRAF-activated long
noncoding RNA (BANCR) (A), papillary thyroid cancer susceptibility candidate 3 (PTCSC3) (B), and noncoding RNA associated with mitogen-activated protein kinase pathway and growth arrest (NAMA) (C) was quantified as described in the
methods. 18s RNA was used as an internal control and data were expressed as relative expression of the lncRNA in the
tumor versus respective adjacent normal tissue. n=40 each comparison. Student’s t test was used for comparison of statistical
difference.

lncRNAs, BANCR, PTCSC3, and NAMA in these tumor tissues as well as their adjacent normal tissues was assessed by
quantitative real-time RT-PCR. Interestingly, BANCR
expression was significantly up-regulated in PTC compared
to that in its adjacent normal tissue (p < 0.0001) (Fig. 1A). In
contrast, expression of PTCSC3 and NAMA was significantly
down-regulated in PTC compared to that in normal tissue
(p < 0.0001 and p=0.0002, respectively) (Fig. 1B and C).
2. Effect of lncRNA suppression on TSHR expression in in
vitro cell culture

by the interaction of TSH and its receptor (TSHR), the effect
of silencing lncRNA on TSHR expression was investigated
using a cell line of PTC, IHH-4 cells. For suppression of
BANCR, PTCSC3, and NAMA, siRNAs specifically targeting
BANCR, PTCSC3, or NAMA were transiently transfected.
Efficiency of lncRNA silence was determined by real-time
RT-PCR and at least 60% suppression was demonstrated
(data not shown). Silencing BANCR resulted in significant
down-regulation of TSHR (p < 0.01) (Fig. 2A), while neither
PTCSC3-siRNA, nor NAMA-siRNA had a significant effect
on TSHR expression in IHH-4 cells (Fig. 2B and C, respectively).

Since thyroid cell proliferation and function is mediated
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Fig. 2. Effect of lncRNAs on TSHR expression in in vitro cell culture. A PTC cell line (IHH-4) was transfected with either control-siRNA or a siRNA targeting BANCR (BANCR-siRNA) (A), PTCSC3 (PTCSC3-siRNA) (B), or NAMA (NAMA-siRNA)
(C) as described in the methods. Total cell lysate was harvested after 48 hours additional culture. Expression of TSHR protein
level was assessed by immunoblotting (inserts) followed by density analysis. #-Actin was used as a loading control. Data
presented was an average of three separate experiments. lncRNAs, long noncoding RNAs; TSHR, thyroid stimulating hormone receptor; PTC, papillary thyroid carcinoma; BANCR, BRAF-activated long noncoding RNA; PTCSC3, papillary thyroid
cancer susceptibility candidate 3; NAMA, noncoding RNA associated with MAP kinase pathway and growth arrest.
*p < 0.01 compared to control-siRNA treated cells.

3. BANCR-siRNA inhibited cell proliferation
Following transfection of BANCR-siRNA, IHH-4 cells
were allowed to grow in full medium for 5 days. Growth of
cells transfected with BANCR-siRNA was significantly
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slower than that of cells with control-siRNA on day 3 and
day 5 (p < 0.05 and p < 0.01, respectively) (Fig. 3A). A clonogenic assay was performed to confirm the effect of BANCR
suppression on cell proliferation. Consistent with the result
of cell proliferation assay, number of clones was significantly
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Fig. 3. Effect of BANCR suppression on cell proliferation. A PTC cell line (IHH-4) was transfected with either control-siRNA
or a siRNA targeting BANCR (BANCR-siRNA), cell proliferation was then assessed. (A) Cell proliferation assay by CCK-8.
Following siRNA transfection, cells were plated into 96-well plates and allowed to grow for 5 days. Cell number was counted
using a commercial kit (CCK-8) as described in the methods. *p < 0.05, **p < 0.01 by multi-group t test. (B) Clonogenic assay.
Following transfection with siRNAs, cells were plated into 60-mm dishes and allowed to grow for 14 days and the number
of colonies was counted as described in the methods. Data presented was representative of three separate experiments.
BANCR, BRAF-activated long noncoding RNA; PTC, papillary thyroid carcinoma.

decreased in cells lacking BANCR (200.3±25.5 of controlsiRNA vs. 56.7±8.5 of BANCR-siRNA, p < 0.01) (Fig. 3B).
4. BANCR modulated the cell cycle via regulation of cyclin
D1
To further investigate the role of BANCR in regulating cell
proliferation, cellular DNA content and cell cycle profiling
was performed. As shown in Fig. 4A and B, G1 to S phase
transition was significantly decreased. Gene expression and
protein level of cyclin proteins including cyclin D1, cyclin E1,
cyclin A1, and cyclin B1 were also determined following
BANCR-siRNA transfection into IHH-4 cells. Of particular
interest, cyclin D1 mRNA and protein was significantly
decreased in cells transfected with BANCR-siRNA compared
to that of control-siRNA transfected cells (p < 0.05) (Fig. 4C
and D). In contrast, mRNAs of cyclin A1, E1, or B1 were not
altered in cells after silencing BANCR (Fig. 4C), although
proteins of cyclin A1 and E1 were slightly but not significantly reduced in cells lacking BANCR (Fig. 4D).
5. BANCR is associated with EZH2 and might regulate cancer cell growth
EZH2 is known to inhibit genes responsible for suppressing tumor growth, and lncRNAs modulate tumor cell growth
through binding to EZH2 in variety of cancer cells [14,15],
therefore, association of BANCR and EZH2 was further

investigated in the current study. First, RIP assay was performed using anti-EZH2 and IgG as a negative control. Then,
quantitative RT-PCR was performed for quantification of the
retrieved RNA. As shown in Fig. 5A, BANCR was highly
enriched in the EZH2 group compared to the non-immune
IgG group. Next, ChIP assay was performed to further determine whether BANCR knockdown altered expression of
TSHR. As shown in Fig. 5B, expression of TSHR was significantly decreased in BANCR-knockdown cells compared to
control cells, suggesting that BANCR may enhance TSHR
expression through binding to EZH2.

Discussion
Accumulating evidence suggests that lncRNAs may play
an important role in development of various types of cancer.
PTC is the most common type of thyroid cancer. In the current study, we first examined expression of three lncRNAs
in the PTC and its adjacent normal tissue. It was found that
BANCR was significantly up-regulated in PTC tissue compared to normal tissue, and in contrast, expression of
PTCSC3 and NAMA was significantly decreased in tumor
tissue. Using in vitro cell culture and molecular strategy, we
further demonstrated that BANCR regulated expression of
TSHR, while neither PTCSC3 nor NAMA had an effect on
VOLUME 48 NUMBER 2 APRIL 2016
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Fig. 4. Effect of BANCR suppression on expression of cyclin proteins. (A, B) Cell cycle analysis by flow cytometry. IHH-4
cells were transfected with control-siRNA or a siRNA targeting BANCR (BANCR-siRNA). Following transfection with siRNAs, cells were allowed to grow for 48 hours and then trypsinized. After fixation and staining with propidium iodide, cell
cycle and DNA content were analyzed by flow cytometry. Data presented was representative (analysis of triplicate samples)
of three separate experiments. (C) mRNA expression. Total RNA was extracted 24 hours after completing transfection and
mRNA expression of indicated cyclins was quantified by real time RT-PCR. (D) Immunoblotting for cyclin proteins. Cell
lysate was harvested 48 hours after completing transfection, and levels of cyclin proteins were assessed by immunoblot as
described in the methods. #-Actin was used as a loading control. Data presented was representative of three separate experiments. BANCR, BRAF-activated long noncoding RNA; RT-PCR, reverse transcription polymerase chain reaction.

TSHR expression. BANCR controlled growth and cell cycle
of IHH-4 cells (a cell line of PTC) through regulation of cyclin
D1 protein expression. In addition, physical binding of
BANCR to EZH2 was demonstrated by RIP assay, and by
this mechanism, BANCR may regulate TSHR as well as subsequent target genes including cyclin D1 (Fig. 6).
PTC is the main form of nonmedullary thyroid cancer,
accounting for approximately 80% of all thyroid cancers. In
contrast to other cancers, the incidence of PTC has increased
in recent decades, but this may due to improved diagnostics
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[2]. Although the etiology of PTC is not well defined, it is
clearly influenced by genetic factors and environmental
exposures. Radiation exposure of the thyroid during childhood is the most clearly defined environmental factor. However, genetic predisposition also plays an important role as
evidenced by case control studies [16]. In addition, recent
accumulating evidence indicates that epigenetic alteration
may also play an important role in the development of various kinds of tumors including thyroid cancers. In this context, involvement of lncRNAs, particularly BANCR, PTCSC,

Haitao Zheng, BANCR Regulates Thyroid Cancer Cell Proliferation

A

B
Control- BANCRsiRNA
siRNA IP:

Input

EZH2

Input

lgG

EZH2

BANCR

1.0

0.5

0

lgG

30
TSHR espression (% of input)

Relative enrichment

1.5

Input

EZH2

20

10

0

lgG

Control-siRNA

BANCR-siRNA

Fig. 5. Role of EZH2 in mediating BANCR regulation on TSHR. (A) RIP assay. Quantitative RT-PCR analysis of lncBANCR
in the RIP from IHH-4 cells was performed using anti-EZH2 antibody and IgG as a negative control. Data presented was
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Fig. 6. Schematic illustration of BANCR and EZH2 regulation on cyclin D1 expression. BANCR, BRAF-activated long noncoding RNA; EZH2, enhancer of zeste homolog 2. TSHR, thyroid stimulating hormone receptor.

and NAMA, in regulation of thyroid cancer cell survival and
apoptosis has been reported [3-5].
Noncoding RNAs are a group of RNAs that do not code
for protein synthesis. They are categorized according to two

classes based on transcript size: “long noncoding RNAs
(lncRNAs)” are greater than 200 nucleotides in length, and
“small noncoding RNAs” are less than 200 nucleotides in
length including microRNAs [17,18]. Unlike miRNAs, which
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have been studied extensively in the last decade, lncRNAs
are more diverse, not highly conserved, and have been
regarded as transcriptional “noise” and not biologically functional for a long period of time [19,20]. Recently, however,
accumulating evidence has revealed the significance of lncRNAs in regulation of multiple biological functions at all levels
of chromosome modification, mRNA transcription, and posttranscriptional protein synthesis [21-23]. Notably, several
lncRNAs including BANCR, PTCSC3, and NAMA have been
reported to play an important role in regulating thyroid cancer formation and progression [3-5]. Consistent with previous reports, we found that expression of BANCR was
significantly up-regulated in PTC compared to that in normal
tissue, while expression of PTCSC3 and NAMA was dramatically down-regulated in PTC compared to its adjacent normal tissue, suggesting that thyroid carcinogenesis is positively regulated by BANCR and negatively regulated by
PTCSC3 and NAMA.
In the current study, biological function of BANCR in thyroid cancer was further investigated utilizing an in vitro IHH4 cell culture. IHH-4, a cell line derived from PTC, has been
used by other investigators in study of thyroid cancer biology [3]. Consistent with findings in human PTC tissue, IHH4 cells also highly express BANCR (data not shown). In this
study, silencing BANCR with siRNA in IHH-4 cells resulted
in remarkable suppression of cell proliferation, and cell cycle
arrest at G0/G1 phase. In addition, significant down-regulation of both mRNA and protein of cyclin D1 was observed
in IHH-4 cells lacking BANCR. Paradoxically, mRNA of
cyclin A1, E1, and B1 was not altered in cells transfected with
BANCR-siRNA, although proteins of cyclin A1 and E1 were
slightly but not significantly reduced in cells lacking BANCR,
suggesting that BANCR regulated cell growth and cell cycle
through modulation of cyclin D1.
TSH exerts its effect on thyroid cell proliferation through
binding to its receptor, TSHR. TSHR is mainly found on thyroid follicular cells. According to some reports, pathogenesis
of thyroid cancer and Grave’s disease may be attributed to
the aberrant expression of TSHR [8-11]. While we were
unable to examine expression of TSHR in PTC tissues due to
lack of sources, which is a pitfall of the current study, we
demonstrated that BANCR-knockdown in IHH-4 cells
resulted in a significant reduction in the TSHR protein.
Interestingly, however, TSHR protein synthesis was not significantly altered by either PTCSC3-siRNA or NAMAsiRNA, although TSHR protein was slightly decreased in
cells transfected with NAMA-siRNA, indicating that BANCR
may contribute to development of PTC through regulation
of TSHR, but not PTCSC3 or NAMA.
Tumorigenesis and progression of cancer result not only
from genetic factors and environmental exposure, but also
from epigenetic alteration. Epigenetic modifications include
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DNA methylation, histone modifications, and modulation by
miRNAs or lncRNAs. Histone modification has been reported to play a role in the tumorigenesis of thyroid cancer, and
EZH2, a histone methyltransferase, is a well-known histone
modifier. In this regard, researchers have demonstrated a
strong association of overexpression of EZH2 with progression and invasion of several types of cancers including thyroid cancer [7,14,15]. In addition, studies have shown that
EZH2 was up-regulated by aberrant expression of MYC transcription factor and miRNAs such as miR-26a [24,25]. Interaction of BANCR and EZH2 in the tumorigenesis of thyroid
cancer, however, has not been reported. The results of the
current study demonstrated that BANCR was enriched by
EZH2, and that silencing BANCR by siRNA resulted in
decreased chromatin recruitment of EZH2 as well as significant reduction in TSHR expression as evidenced by ChIP
assay with anti-EZH2 antibody, suggesting that BANCR
could stimulate TSHR expression by transcriptional up-regulation of the TSHR promoter through EZH2 enrichment.
The current study, however, did not determine whether
histone methylation in the promoter region of cyclin D1 was
affected by the suppression of BANCR and reduced chromatin recruitment of EZH2, which is a limitation of the current study and remains to be defined in future study.
Taken together, the three lncRNAs tested in the current
study were differentially expressed in PTC tissue and a PTCderived cell line (IHH-4). Specifically, BANCR was significantly up-regulated in PTC, and silencing BANCR with
siRNA resulted in dramatically reduced expression of TSHR
as well as suppression of cell proliferation via a mechanism
of cell cycle arrest. In addition, BANCR was enriched by
EZH2 and BANCR was required for EZH2 binding to TSHR
promoter because interference of BANCR abrogated chromatin recruitment of EZH2 and resulted in significant
reduction of TSHR expression. These findings suggested regulation of BANCR as a therapeutic goal of PTC.

Conclusion
The current study demonstrated that BANCR was significantly up-regulated in PTC, and silencing BANCR with
siRNA resulted in dramatically reduced expression of TSHR
as well as suppression of cell proliferation via a mechanism
of cell cycle arrest. These findings indicated that regulation
of BANCR be a therapeutic strategy for PTC.
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Purpose
Defects in the DNA damage repair process can cause genomic instability and play an
important role in cervical carcinogenesis. The purpose of this study was to analyze the
association of 29 candidate single nucleotide polymorphisms (SNPs) in genes in the DNA
repair pathway, TP53, and TP53BP1 with the risk of cervical cancer.
Materials and Methods
Twenty-nine SNPs in four genes in the DNA repair pathway (ERCC2, ERCC5, NBS1, and
XRCC1), TP53, and TP53BP1 were genotyped for 478 cervical cancer patients and 922
healthy control subjects, and their effects on cervical carcinogenesis were analyzed.
Results
The most significant association was found for rs17655 in ERCC5, with an age-adjusted
p-value < 0.0001, for which a strong additive effect of the risk allele C was observed (odds
ratio, 2.01 for CC to GG). On the other hand, another significant polymorphism rs454421
in ERCC2 showed a dominant effect (odds ratio, 1.68 for GA+AA to GG) with an age-adjusted
p-value of 0.0009. The association of these polymorphisms remained significant regardless
of the age of onset. The significant result for rs17655 was also consistent for subgroups of
patients defined by histology and human papillomavirus (HPV) types. However, for
rs454421, the association was observed only in patients with squamous cell carcinoma
and non-HPV 18 type.
Conclusion
The results of this study show a novel association of cervical cancer and the genes involved
in the nucleotide excision pathway in the Korean population.
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ERCC, Single nucleotide polymorphism, Uterine cervical neoplasms
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Introduction
The incidence of invasive cervical cancer has been decreasing (annual percent change [APC] in age-adjusted rates
of –4.2%), however cervical neoplasm is still a major health
problem in Korea. According to the National Cancer Registration statistics in Korea, the age-standardized incidence
rate of cervical cancer was 14.9 per 100,000 in 2011, and the
age standardized incidence rate for cervical carcinoma in situ
increased from 7.5 in 1993 to 19.0 per 100,000 females in 2009
(APC, 5.7; 95% confidence interval [CI], 4.8 to 6.7) [1]. The
incidence of adenocarcinoma has remained stable despite the
decreased incidence of squamous cell carcinoma. Eighty percent of infections of human papillomavirus (HPV) clear
within 3 years, and persistence of viral DNA is reported in
5%-15% of infected women [2]. Finally, only 3%-5% of
women with persistent HPV infection reach the stage of cervical intraepithelial neoplasm (CIN). With this background,
we need to define the subset of the population that is vulnerable to persistent HPV infection and progression to epithelial
abnormality. Use of tobacco and estrogen-derivatives are
known as external factors associated with progression to cervical cancer [3]. However, reports of familial aggregation of
cervical cancer from Swedish and Latin American cohort
studies suggest that host genetic factors may contribute to
cervical carcinogenesis, although shared environmental
factors in childhood may be partly responsible for familial
aggregation [4,5].
In cervical cancer, HPV integration into the genome of host
cells initiates E6 and E7 oncoprotein expression, which in
turn drives differentiating cells into S or G2/M phases to
induce amplification of the viral genome. Once viral genetic
material is introduced in the host genome, it is considered as
"damage," which causes activation of cellular DNA repair
machinery [6]. As a result of attempts at unordered replication of cells, formation of multiple sites of stalled replication
forks occurs along with activation of DNA damage repair
pathways. Activated DNA repair pathways that prevent
DNA damage and mutagenesis included in these repair
pathways are the base excision repair (BER) pathway, the
nucleotide excision repair (NER) pathway, DNA single
strand break (SSB), and the double strand break repair (DSB)
pathways [7]. X-ray repair cross-complementing (XRCC) 1 in
the BER pathway and excision repair cross-complementing
(ERCC) 2 and ERCC5 in the NER systems were previously
studied as risk factors for epithelial cancer [8]. Viral E6 and
E7 activate the ataxia telangiectasia mutated (ATM) DNA
damage response necessary for the differentiation-dependent
amplification of viral genomes [9]. TP53 is a major activator
of ATM upon DNA damage signal, and functional polymorphisms in TP53 and TP53BP1 are known to be associated

with genetic instability as well as cancer risk [10].
Several common and putative functional single nucleotide
polymorphisms (SNPs) of these DNA repair genes were
reported as genetic factors associated with HPV persistence
and cervical cancer progression [11]. In the current study,
29 genetic polymorphisms associated with four genes in the
DNA repair pathways, TP53 and TP53BP1 were examined to
determine their effects on development of cervical cancer.

Materials and Methods
1. Study population
The study was designed as a hospital based case-control
study. A total of 479 cervical cancer patients who visited the
National Cancer Center, Korea between July 2003 and March
2011 were recruited. The control group was selected from
a cohort recruited at the Center for Early Detection and
Prevention at the same hospital between August 2002 and
August 2011. A total of 8,291 women who provided informed
consent completed a questionnaire to collect information on
demographics and cancer risk factors, and provided blood
samples; 4,005 women had DNA samples available in an
adequate amount (" 10 µg). Among them, 1,000 consecutive
control subjects with informed consent were selected in
chronological order starting from August 2002. Those who
had missing genotypes due to inadequate DNA quality were
excluded (1 case and 4 controls); those with history of other
types of cancer (72 subjects) were also excluded from control
samples. As a result, 478 cases and 922 control subjects were
used in the analysis. The study was approved by the Institutional Review Board of the National Cancer Center in Korea
(IRB No. NCCNCS 10-412).
2. Selection and genotyping of 29 SNPs
After an intensive literature review, six genes (ERCC2,
ERCC5, NBS1, TP53, TP53BP1, and XRCC1) involved in the
DNA damage repair pathway were selected. The candidate
polymorphisms in the six genes, including eight non-synonymous SNPs, were selected on the basis of previously
reported associations with cancer risk or prognosis. Five
SNPs of TP53 and TP53BP1 were selected because they are
frequently studied as cancer predisposing factors. The minor
allele frequency (> 5%) in the Asian population was an
additional filter for selection of target SNPs. Genomic DNA
was extracted from peripheral blood samples using a
QIAamp DNA Blood Mini Kit (Qiagen, Valencia, CA) in
accordance with the manufacturer’s instructions. The TaqVOLUME 48 NUMBER 2 APRIL 2016
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Man-Allelic Discrimination method was used for genotyping
SNPs [12]. Primers and probes for the 29 selected SNPs were
designed using Primer Express software ver. 2.1 (Applied
Biosystems, Foster City, CA). Polymerase chain reaction
(PCR) amplifications (5 µL) were performed using 10 ng of
template DNA, 1! TaqMan Universal Master Mix (Applied
Biosystems), 300 nM of each primer, and 200 nM of each
fluorogenic probe in 384-well plates. Thermal cycling was
initiated with a 2-minute incubation at 50°C, followed by a
first denaturation step of 10 minutes at 95°C, and then 40
cycles of 15 seconds at 95°C and 1 minutes at 60°C. After PCR
amplification, the plates were read using an ABI PRISM 7900
Sequence Detection System (Applied Biosystems) and results
were analyzed using the Allelic Discrimination software SDS
2.1 program (ver. 5.0, Applied Biosystems).

I error rate of 0.05/29 based on the Bonferroni correction
were finally selected. Because the results of the split-sample
method can be hugely dependent on the random selection of
training and testing sets, this procedure was repeated 10
times and the number of significant results obtained out of
the 10 repetitions was counted.
Using the bootstrap approach, a thousand data sets were
generated using the bootstrap re-sampling procedure. The
association was tested, and SNPs with p-values less than
0.05/29 were selected as significant.

3. Statistical analysis

1. Patient characteristics

The clinical and demographic characteristics of the subjects
were compared using a chi-square test for categorical variables and a two-sample t test for continuous variables. The
Hardy-Weinberg equilibrium (HWE) for 29 SNPs was examined in the control group.
The association of each marker was analyzed using the
minimum p-value of the Pearson’s chi-square test and the
Cochran-Armitage trend test based on the additive genetic
model (MIN2) [13], and the corresponding p-value associated with MIN2 was obtained [14]. MIN2 proposed by
WTCCC has shown robust and efficient power performances
over a wide range of underlying genetic models [13,14]. Both
crude and age-adjusted analyses were performed for all 29
SNPs by incorporating both age and genotype as exploratory
variables in an unconditional logistic regression model. For
significant SNPs, subgroup analyses were performed according to the age of onset (# 40 or > 40), histology (adenocarcinoma or squamous cell carcinoma), and HPV type (18 vs.
non-18). In addition, ordinal outcome variables were formed
(case # 40, case > 40, control for age of onset; adenocarcinoma, squamous cell carcinoma, control for histology; HPV
18, non-HPV 18 control for HPV type), and the associations
of SNPs with this ordinal outcome were examined using the
proportional odds model. A conservative and stringent criterion of the Bonferroni correction was considered in determining the statistical significance at a family-wise error rate
of 0.05. As part of the internal validation, a split-sample
method was implemented. Using the split-sample approach,
data were randomly divided into two equal-sized cohorts;
the first cohort served as a training set and the second cohort
served as a testing set. In the training set, the association test
was performed using MIN2, as previously described, and
SNPs with p-values less than 0.1 were further tested using
the testing set. SNPs that were significant at the overall type

Demographic features of the cases and control subjects are
shown in Table 1. Age and smoking status were surveyed in
both cases and control subjects. The median age of the case
group was higher than that of the control group (median
ages of 56 and 48, respectively), and cases were more likely
to be current or ex-smokers than control subjects. Among
cases, major histologic type was squamous cell carcinoma
(84.1%), and advanced stages (" IIB) were dominant (62.3%).
HPV type 18 was observed in 9.2% of patients.
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Results

2. Genetic risk variants for cervical cancer
No deviation from HWE was observed for all 29 SNPs,
as evidenced by the high p-value from the HWE test (Supplementary Fig. S1). From the results of the association analysis, four of the six SNPs in the ERCC2 gene, rs454421,
rs238417, rs238406, and rs3710366, showed associations with
p-value under 0.05 (Supplementary Table 1). Applying a conservative Bonferroni correction (p < 0.05/29), two SNPs of
rs454421 and rs17655 were found to show significant association with the risk of cervical cancer. The frequencies of
genotypes by case-control status, and the odds ratios under
various genetic models for these two SNPs are summarized
in Table 2. The most significant association was found for
rs17655, which showed a strong additive effect of the risk
allele C (age-adjusted p < 0.0001). Subjects carrying the CC
genotype showed a 2-fold increased risk for cervical cancer
(odds ratio [OR], 2.01) when compared to carriers of the GG
genotype. On the other hand, the dominant genotypes of
rs454421 (GA+AA) contribute to an increased risk of cervical
cancer. In testing for the cumulative effect of these two SNPs,
cervical cancer risk was found to increase according to the
number of risk alleles, as shown in Table 3. Consistent results
were observed when adjusting for both age and smoking

Jungnam Joo, ERCC2 and ERCC5 Variants Increase Cervical Cancer Risk

Table 1. Demographic characteristics of patients with cervical cancer and normal controls
Phenotype

Normal control (n=922)

Age, median (range, yr)
Age (yr)
# 40
> 40
Smoking status
Present smoker
Ex-smoker
Non-smoker
Unknown
Histology
Squamous cell carcinoma
Adenocarcinomas
Unknown
Cervix stage
6 (IIB), 7 (IIIA), 8 (IIIB), 9 (IVA), 10 (IVB), III
1 (IA1), 2 (IA2), 3 (IB1), 4 (IB2), 5 (IIA), I
Unknown
HPV 18 type
Yes
No
Unknown

Cervical cancer case (n=478)

48 (21-70)

56 (23-92)

p-value
< 0.0001

245 (26.6)
677 (73.4)

80 (16.7)
398 (83.3)

< 0.0001

53 (5.8)
19 (2.1)
787 (85.4)
63 (6.8)

50 (10.5)
40 (8.4)
387 (81.0)
1 (0.2)

< 0.0001

-

402 (84.1)
61 (12.8)
15 (3.1)

-

-

298 (62.3)
162 (33.9)
18 (3.8)

-

-

44 (9.2)
329 (68.8)
105 (22.0)

-

Values are presented as number (%). HPV, human papillomavirus.

Table 2. Genotypes and OR of rs454421 and rs17655
RS No.
(gene)

Genotype

rs454421
(ERCC2)

G/G
G/A
A/A
G/G
C/G
C/C

rs17655
(ERCC5)

No.

Chi-square

Additive

Dominant

Recessive

Case

Control

OR

p-value

OR

p-value

OR

p-value

OR

p-value

107
265
106
101
230
147

293
434
195
276
437
209

1
1.712
1.619
1
1.508
2.013

0.0006

1
1.286
1.653
1
1.416
2.005

0.0027

1
1.684
1.684
1
1.671
1.671

0.0001

1
1.000
1.137
1
1.000
1.539

0.3648

0.0001

< 0.0001

0.0002

0.0010

These are based on Pearson’s chi-square test and linear trend tests for additive, dominant and recessive genetic models after
adjusting for age. OR, odds ratio.

status, and when neither was adjusted for. An increased
number of risk alleles showed significant association with
increased risk of cervical cancer (p for trend < 0.0001). Subjects who carried both risk genotypes showed the highest risk
for cervical cancer (OR, 3.75; adjusted p=0.0003).

repetitions, respectively. In addition, rs454421 and rs17655
were found to show significant association with the disease
781 and 887 times out of 1,000 bootstrap samples, respectively. These results demonstrate the relative robustness of
the findings given that no external validation data sets were
available.

3. Internal validations using split-sampling and bootstrap
4. Subgroup analyses of rs454421 and rs17655
Using the split-sample approach, rs454421 and rs17655
were found to show significant association with the risk of
cervical cancer in 9 and 10 split-sample procedures out of 10

The associations of both rs454421 and rs17655 were examined separately in subgroups of patients with early onset
VOLUME 48 NUMBER 2 APRIL 2016
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Table 3. Cervical cancer risk according to the number of risk alleles of rs454421 and rs17655
No. of risk alleles
0
1
2
3
4

No. (%)
Case
20 (4.18)
104 (21.76)
191 (39.96)
137 (28.66)
26 (5.44)

Crude
Control
89 (9.65)
258 (27.98)
341 (36.98)
197 (21.37)
37 (4.01)

OR (95% CI)
1
1.79 (1.05-3.07)
2.49 (1.49-4.18)
3.10 (1.82-5.27)
3.13 (1.56-6.28)

Age-adjusted
p-value
a)

< 0.0001
0.0326
0.0005
< 0.0001
0.0014

OR (95% CI)

p-value

1
2.02 (1.16-3.51)
2.78 (1.63-4.74)
3.62 (2.09-6.28)
3.75 (1.82-7.72)

< 0.0001a)
0.0128
0.0002
< 0.0001
0.0003

OR, odds ratio; CI, confidence interval. a)p for trend.

(# 40) and late onset (> 40) (Supplementary Table 2). Increased ORs of the risk genotypes for both SNPs were consistently observed in both age groups. The ORs of genotypes
AA and GA over GG of rs454421 SNP were 1.86 (p=0.0287)
and 1.57 (p=0.0011) in the early and late onset groups, respectively. For rs17655, the ORs of GG genotype over CC, and
GC over CC, were 1.43 and 2.03 (p=0.0281) in the early onset
group, and 1.38 and 1.89 (p=0.0001) in the late onset group.
For both SNPs, stronger association in terms of the magnitude of the odds ratio was observed for those in the early
onset group, as evidenced by the significant p-values, which
are based on the proportional odds model with ordered disease status according to the age of onset (p=0.0002 for
rs454421 and p < 0.0001 for rs17655) (Supplementary Table
3). Further subgroup analyses were performed according to
histology (squamous cell or adenocarcinomas) and HPV type
(18 or non-18) (Supplementary Table 2). This was because
our previous study showed significantly lower disease-free
survival rates in patients with adenocarcinomas and in
patients with HPV 18 genotype [15]. For rs454421, the association was only observed in squamous cell carcinoma
(p=0.0004) and non-HPV 18 type (p=0.0043). On the other
hand, for rs17655, significant association was found in all
subgroups (p-value in squamous cell carcinoma, 0.0002; in
adenocarcinoma, 0.0326; p-value in HPV 18 type, 0.0127; in
non-HPV 18 type, 0.0009). When multiple testing was
adjusted for, similar to the case of rs454421, the association
was observed only in squamous cell carcinoma and nonHPV 18 type.

Discussion
DNA repair is an essential process in prevention of
genomic alteration caused by carcinogenic stresses. Because
DNA repair plays a fundamental role in maintaining
genomic integrity, disruption of DNA repair allows genomic
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instability and cancer development [16]. Several major pathways of DNA repair are involved in the excision of base and
nucleotides, in mismatch repair, and in DNA break repair.
ERCC groups of ERCC1 (XPA), ERCC2 (XPD), ERCC4 (XPF),
and ERCC5 (XPG) are important components in the NER
pathway, and have been widely studied in ovarian, colorectal, and non-small cell lung cancers [17-19].
Genetic variants of ERCC genes were also widely studied
as risk factors for cancer as well as predictors of treatment
outcomes in cancer [8,20]. Our results show highly significant associations of rs454421 in ERCC2 and rs17655 in ERCC5
with cervical cancer. These two SNPs commonly showed a
stronger influence in patients who developed cancer after the
age of 40, suggesting that other genes may be involved in
younger patients with cervical cancer, who have shorter
intervals between HPV infection and development of cervical cancer. The effects of the two SNPs on cervical cancer risk
were more prominent in squamous carcinoma than in adenocarcinoma. The association of polymorphisms in HPV 18
type was difficult to test due to the small size of the group.
Non-synonymous polymorphism rs17655 (Asp1104His) in
ERCC5 has been reported as a risk factor for various cancers,
including lung cancer and bladder cancer [8]. It also showed
association with increased risk of breast cancer in female
radiation technologists who were occupationally exposed to
low levels of ionizing radiation [21].
Based on their well-known role as tumor suppressors and
DNA damage checkpoints, functional polymorphisms of
TP53 and TP53BP1 were also widely studied for various
cancer types. Three 53BP1 variant genotypes (Glu353Asp
[rs560191], T-885G [rs1869258], and Gln1136Lys [rs2602141])
increased the risk of progesterone receptor–negative breast
cancer, and the two latter variants significantly increased
estrogen receptor–negative breast cancer in the Chinese population. In addition, TP53BP1 Gln1136Lys (rs2602141) and
TP53 Arg72Pro (rs1042522) showed gene-gene interaction
with increased breast cancer risk in patients [22].
TP53 codon 72 polymorphism causes different biochemical
functions of TP53. The current view is that the TP53-Arg72
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protein is more effective at inducing apoptosis and protects
cells from tumor development compared with the TP53Pro72 protein [23]. However, a meta-analysis concluded no
association of Pro72Arg variant with incidence of cervical
cancer. In addition, Arg variant was previously found to be
more susceptible to degradation by the HPV 18 E6 protein
[24]. In our subgroup analysis of rs1042522, a tendency
toward an association with the risk of cervical cancer was
observed for patients with younger age of onset (OR, 1.72;
p=0.07), and for patients with HPV 18 infection (OR, 2.09;
p=0.03). The small sample size of the subgroup may be the
reason that statistical significance was not reached, and
further research using larger samples is needed to examine
this possibility.
XRCC1 plays a role in base-excision repair of spontaneous
and induced DNA damage. An association of XRCC1 with
HPV persistence and CINs was also observed. XRCC1
Arg399Gln (rs25487) also showed an association with differential prognostic factor for progression-free survival in
patients with adenocarcinoma of the lung treated with gefitinib chemotherapy [25]. However, in the current study no
significant association with cervical cancer risk was observed
for polymorphisms in XRCC1 in the BER pathway or NBS1
in the DNA DSBs repair pathway. Our findings suggest that
the polymorphisms in ERCC2 and ERCC5 may contribute to
the etiology of cervical cancer, showing an additive effect.
High risk HPV infection is prevalent worldwide. However,
the actual occurrence of cervical cancer is rare, suggesting
the importance of the role of host factors. Rather than a single
high penetrance allele, a combination of various genetic
factors, each with an individually small effect, is likely to
result in predisposition to cervical cancer. More comprehensive screening based on a large number of genetic variants
related to cervical cancer susceptibility is expected to provide
evidence for addressing cervical cancer-related public health
issues such as defining the high risk population for aggressive cancer screening and the use of preventive vaccines.
Our study has a limitation in that only a small number of
selected genes and SNPs were examined. In addition,
because we had limited epidemiologic information for the
patients, we were not able to perform multifactorial combination analysis of the genotype and epidemiological parameters, whereas there was much more information available
for the control population. Finally, even though we fully
understand the biological significance of the studied genes,
conduct of further functional studies will be necessary to
illustrate direct effects of these polymorphisms on gene function.

Conclusion
The results of this study show a novel association of cervical cancer and the genes involved in the nucleotide excision
pathway in the Korean population. Validation of our results
is needed, probably through association studies with sufficient sample sizes, and considering different epidemiological
parameters.
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Caveolin-1 Modulates Docetaxel-Induced Cell Death in Breast Cancer
Cell Subtypes through Different Mechanisms

Purpose
Caveolin-1 (CAV-1) expression is more associated with basal-like cancers than estrogen
receptor- or ErbB-2–expressing breast cancers. However, the biological relevance of different
levels of CAV-1 expression according to subtype in the epithelial compartment of breast
cancer remains unclear.
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Materials and Methods
We investigated whether CAV-1 functions as a tumor suppressor and/or modulator of the
cytotoxic activity of docetaxel (DTX) in subtypes of breast cancer using in vitro and xenograft
models.
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Results
The levels of CAV-1 expression were closely associated with DTX sensitivity in triple-negative
breast cancer cells. In addition, CAV-1 significantly inhibited cell proliferation and modulated
DTX-induced apoptosis through cell cycle arrest in the G2/M phase. The mechanisms
underlying DTX-induced apoptosis differed in breast cancers according to the levels of CAV1 expression. DTX robustly enhanced Bcl-2 inactivation by CAV-1 in MDA-MB-231 cells, while
p53-mediated cell cycle arrest by DTX was more pronounced in CAV-1–low but p53-functional MCF-7 cells. In parallel with the data from breast cancer cell lines, CAV-1–transfected
MCF-7 cells showed higher efficacy of DTX treatment in a xenograft model.
Conclusion
We clearly demonstrated cooperative effects between CAV-1 and DTX in mediating apoptosis, suggesting that the levels of CAV-1 expression might be an important indicator for DTX
use in breast cancer.

Introduction
Caveolin-1 (CAV-1) is a member of the caveolin family of
scaffold proteins that regulate the activity of many signaling
molecules inside caveolae. Functionally, CAV-1 is implicated
in various normal cell behaviors, including lipid transporta-

│ http://www.e-crt.org │

Key words
Caveolin 1, Breast neoplasms, Apoptosis, Docetaxel

tion, cell growth, and death regulation. In transformed cells,
alterations of CAV-1 and its loss are associated with reduced
invagination and a loss of caveolae [1]. Expression of CAV-1
in cancer cells is cell-type dependent; it is more likely to be
downregulated in ovarian, colon, and mesenchymal sarcomas and upregulated in lung, bladder, esophageal, and pancreatic cancers [2]. In breast cancer, CAV-1 was initially
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considered a tumor suppressor based on the findings of low
gene expression related to the mechanisms underlying the
inactivating point mutation, silencing, or downregulation of
CAV-1 in invasive cancers [3]. However, a growing body of
evidence has shown that high levels of CAV-1 expression are
more associated with basaloid cancers than estrogen receptor–negative and/or progesterone receptor–negative, or
HER-2–expressing cancers [4]. In addition, CAV-1 expression
has also been associated with aggressive cancer subtypes,
such as inflammatory breast cancer, due to promoter
hypomethylation [5]. Recent studies of the biologic activities
of CAV-1 have focused more on its roles in cancer-associated
fibroblasts. The protective roles of stromal CAV-1 against
mammary hyperplasia and tumorigenesis in breast cancer
have been demonstrated in multiple studies [6,7], and the
loss of CAV-1 in stromal cells has been shown to be an independent prognostic factor in patients with early breast cancer
[2,8]. These findings imply that the biological functions of
CAV-1 might be multidimensional and cell-type dependent
in breast cancer. However, the biological roles of CAV-1 in
the epithelial compartment, particularly in the triple-negative breast cancer subtype, are largely unknown.
Taxanes are potent anticancer agents that function by binding to the # subunits of tubulin, which results in stabilization
of tubulin polymerization and repression of the dynamic
instability of spindles. These activities lead to cell cycle arrest
in the G2/M phase. Docetaxel (DTX) and paclitaxel (PTX) are
commonly used in the treatment of metastatic breast, lung,
ovarian, and digestive cancers; however, DTX treatment has
shown better clinical efficacy compared to PTX in patients
with breast cancer [9]. The better affinity of DTX for tubulin
and the subsequent induction of both apoptotic and necrotic
cell death have been suggested as potential mechanisms for
the superior antitumor activity of DTX compared to PTX.
Clinical data have indicated that the addition of taxane to
conventional adjuvant chemotherapy improves the prognosis of patients with early breast cancer, and these benefits are
mainly observed in the triple-negative subgroup [10].
However, the use of taxanes is limited due to a variety of
toxicities, including bone marrow suppression, arrhythmia,
peripheral neuropathy, skin and nail changes, and gastrointestinal problems. Thus, identification of biomarkers that can
predict the therapeutic effects of taxanes in breast cancer is
an important unmet clinical need. Significant efforts have
been made to identify potential predictive markers, including single microtubule-associated protein, tau [11], or panels
of gene signatures [12]. However, there is no biomarker for
DTX that can guide physicians in selecting the best treatment
regimen.
A recent in vitro study showed that the specific phosphorylation of CAV-1 enhances the PTX-mediated cytotoxicity
in MCF-7 cells, which are a luminal type of breast cancer cells

716

CANCER RESEARCH AND TREATMENT

[13]. However, the potential association of CAV-1 and DTX
response in various subtypes of breast cancer is not yet fully
understood. Therefore, in this study, we attempted to determine whether CAV-1 functions as a modulator of cell growth
and the cytotoxic activity of DTX in different subtypes of
breast cancer cells in in vitro and in vivo models.

Materials and Methods
1. Cell culture
The ZR75-1, T47D, SKBR3, HCC1954, BT474, Hs578T,
MDA-MB-231, MDA-MB-468, and MCF-7 cell lines were
purchased from the American Type Culture Collection
(ATCC, Manassas, VA). ZR75-1, T47D, SKBR-3, HCC1954,
and MDA-MB-231 cells were maintained in RPMI-1640
medium (Thermo Fisher Scientific Inc., Waltham, MA). MCF7 cells were maintained in RPMI-1640 medium supplemented with 4 mg/mL of insulin, human recombinant, zinc
solution (Life Technologies, Grand Island, NY). BT474,
Hs578T, and MDA-MB-468 cells were maintained in Dulbecco’s modified Eagle’s medium (Welgene Inc., Deagu,
Korea). All of the culture media were supplemented with
10% fetal bovine serum, 100 units/mL of penicillin, 100
mg/mL of streptomycin, and 2 mM of L-glutamine.
2. Cell viability assay
Cells were seeded at a density of 2!105 cells in 6-well
plates. After 24 hours, the cells were treated with various
concentrations of DTX. Quantitative measures of cell viability were determined using a 3-[4,5-dimethylthiazol-2-yl]-2,
5-diphenyltetrazolium (MTT) assay. Briefly, MTT solution
was added to the plates after treatment with DTX, and the
plates were incubated for another 4 hours at 37°C. The
absorbance of the converted MTT dye was measured at 540
nm using an iMARK microplate reader (Bio-Rad Laboratories Inc., Berkeley, CA). In all experiments the cell viability
was expressed as a relative percentage of the untreated cells
with error bars. All experiments were repeated at least twice.
Statistical analyses were performed using Student’s t tests.
p-values less than 0.05 were considered significant.
3. Western blot analyses
The cells were harvested in lysis buffer (20 mM Tris-HCl
[pH 7.5], 0.5% Triton X-100, 150 mM sodium chloride, 10%
glycerol, 1 mM sodium orthovanadate, 20 mM sodium fluoride, and 100 mM phenylmethylsulfonyl fluoride) containing
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Xpert protease inhibitor cocktail solution (genDEPOT Inc.,
Barker, TX) and incubated on ice for 50 min. Proteins (30 µg)
were separated on 8% or 12% sodium dodecyl sulfate-polyacrylamide gel and transferred to polyvinylidene fluoride
membranes. The membranes were blocked in 5% nonfat milk
for 1 hour at room temperature and incubated with the
appropriate primary antibodies at 4°C overnight, followed
by washing and incubation with horseradish peroxidaseconjugated secondary antibodies. The protein bands were
visualized using the ECL system (GE Healthcare, Piscataway, NJ), and the images were developed on X-ray film
(Agfa HealthCare NV, Mortsel, Belgium). Antibodies for the
estrogen receptor, ErbB2, p53, Bcl-2, and Bax were obtained
from Santa Cruz Biotechnology Inc. (Santa Cruz, CA). Antibodies for CAV-1, poly-ADP-ribose polymerase, and pBcl-2
were purchased from Cell Signaling Technology Inc. (Danvers, MA). #-Actin was obtained from Sigma-Aldrich Co.
LLC (St. Louis, MO).
4. [3H]thymidine incorporation assay
DNA synthesis was measured using a [3H]thymidine
uptake assay. The cells were plated in 6-well plates, serum
starved for 48 hours, and then treated with DTX for 48 hours.
In the last 4 hours, the cells were pulsed with 1 µCi/mL
[3H]thymidine (GE Healthcare, Milano, Italy). The cells were
washed twice with serum-free medium and precipitated
with 5% trichloroacetic acid for 15 minutes at 4°C. The precipitates were washed twice with 95% ethanol, dissolved in
1 mL of NaOH, and then analyzed by liquid scintillation
counting.
5. CAV-1 stable transfection
A pcDNA3.1 expression plasmid containing CAV-1 cDNA
was obtained from Dr. Hong-Guang Zhu (Fudong University, Shanghai, China). MCF-7 and ZR75-1 cells were stably
transfected with a CAV-1 expression plasmid (CAV-1) or
empty vector (EV) with Lipofectamine 2000 reagent (Life
Technologies). Forty-eight hours after the transfection, the
media was replaced with G418-containing media (400
µg/mL). Individual colonies were selected during the subsequent 2 weeks of selection, and positive transfectants were
screened by western blot analyses.
6. siRNA transfection
siRNA targeting CAV-1 (sense, 5(-AGACGAGCUGAGCGAGAAGCA-3(; antisense, 5(-UGCUUCUCGCUCAGCUCG
UCU-3(; Lot No. S20121127-020) was purchased from Bioneer
Corporation (Daejeon, Korea). MDA-MB-231 and Hs578T
cells were seeded and transiently transfected with the CAV-

1 expression plasmid or EV with Lipofectamine 2000 reagent
(Life Technologies). After transfection, the downregulation
of CAV-1 expression was confirmed by western blot analyses.
7. Cell cycle analysis
Harvested cells were fixed in 70% ice-cold ethanol and
incubated with 4 µg/mL of propidium iodide and 100 µg/mL
of RNase A for 45 minutes at 37°C. Stained samples were
analyzed using FACScalibur and Cell Quest Pro (BD, Oxford,
UK).
8. Apoptosis assay
Apoptosis was evaluated using annexin V–fluorescein
isothiocyanate (annexin V–FITC; BD Biosciences, San Jose,
CA). Briefly, cells were seeded and treated with DTX (10 nM)
for 24 hours. The cells were then harvested and stained with
5 µL of annexin V–FITC and 5 µL of propidium iodide at
room temperature for 15 minutes. The stained samples were
analyzed by FACScalibur and Cell Quest Pro (BD).
9. In vivo breast cancer xenograft assays
Female nude mice (BALB/c, nu/nu), aged 6 weeks and
weighing 18-22 g, were purchased from Orient Bio Inc.
(Seongnam, Korea). All mice were implanted with 0.72 mg
of 60-day release 17#-estradiol pellets (2.5 mg/p, Innovative
Research of America, Sarasota, FL). MCF-7 (5!106) cells were
implanted subcutaneously into mice (n=5 per group). Seven
days later, EV/MCF-7 and CAV-1/MCF-7 cells (5!106 cells)
in 100 µL of phosphate buffered saline (PBS) were injected
subcutaneously into the right flank of the mice. When the
tumor reached a size greater than 200 mm3, the mice were
treated with PBS or DTX at 10 mg/kg twice a week in the
four following randomly divided groups (5 mice per group):
EV/MCF-7 (PBS control and DTX) and CAV-1/MCF-7 (PBS
control and DTX). The tumor diameters were measured
using calipers twice per week for more than 3 weeks. The
tumor volumes were calculated using the following formula:
Volume (mm3)=Width2!Length/2. The mice were then sacrificed, and the tumor tissues were collected for histological
analyses. Differences in tumor growth between the animal
treatment groups were analyzed using two-way repeated
measures analysis of variance (ver. 10.0, SPSS Inc., Chicago,
IL). In all cases, p-values less than 0.05 were considered significant. All animal procedures were performed according to
the Institutional Animal Care and Use and Institutional
Review Board committee (KIRAMS2011-20) at the Korea
Institute of Radiological and Medical Science (KIRAMS,
Seoul, Korea).
VOLUME 48 NUMBER 2 APRIL 2016
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Results

10. Histopathologic analysis
Expression of CAV-1 (Santa Cruz Biotechnology Inc.), Ki67
(Dako North America Inc., Carpinteria, CA), and p53 (DO-7,
Leica Biosystems Newcastle Ltd., Newcastle upon Tyne, UK)
was determined using an immunohistochemical approach
on formalin-fixed paraffin-embedded 5-µm-thick tissue sections. For each case, one representative section was stained
with hematoxylin and eosin.

To investigate the potential relationship between CAV-1
and DTX sensitivity in three representative subtypes (estrogen receptor–positive, ErbB2-positive, triple negative) of
breast cancer cells, we first profiled the levels of expression
of CAV-1 in a panel of nine different breast cancer cell lines
(ZR75-1, T47D, MCF-7, SKBR3, HCC1954, BT474, Hs578T,
MDA-MB-231, and MDA-MB-468). As shown in Fig. 1A,
CAV-1 expression was detected in two of the triple-negative

A
8
M
DA
-M
B46

54
M
DA
-M
B23
Hs
1
57
8T

TN

HC
C1
9

R3
SK
B

BT
4

74

ErbB2+

T4
7D

-1
ZR
75

M
CF
-7

ER+

1. Correlation of CAV-1 expression and DTX sensitivity in
three subtypes of breast cancer cells
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Fig. 1. Caveolin-1 (CAV-1)–expressing breast cancer cells are more sensitive to docetaxel (DTX). (A) The levels of expression
of the estrogen receptor (ER), ErbB-2, and CAV-1 were evaluated by western blot analyses according to subtype of breast
cancer cells. #-Actin was used as an internal control. (B) ZR75-1, T47D, MCF-7, SKBR3, HCC1954, BT474, Hs578T, MDAMB-231, and MDA-MB-468 cells were treated with the indicated concentrations of DTX, and the mean percentage of survival
in the MTT assay is shown. TN, triple negative; MTT, 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium. *p < 0.05 compared to MCF-7 cells.
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Fig. 2. Caveolin-1 (CAV-1) enhances the antiproliferative activity of docetaxel (DTX). Associations between the status of
CAV-1 expression and the DTX-induced antiproliferative activity were analyzed by [3H]thymidine incorporation in MDAMB-231 cells (A), MCF-7 cells (B), and ZR75-1 cells (C) after transfection with an empty vector (EV) or a CAV-1 expression
vector (CAV-1), respectively. The bars show the mean value of [3H]thymidine incorporation, and the error bars indicate standard deviation. *p < 0.05 in Student’s t tests.

cell lines (MDA-MB-231 and Hs578T) and one of the ErbB2positive cell lines (HCC1954), while it was downregulated in
other breast cancer cell lines. Next, to determine whether
DTX sensitivity differed according to the levels of CAV-1
expression, the cell survival rate after DTX treatment was
analyzed in these cell lines. As shown in Fig. 1B, the percentage of viable cells in the CAV-1-expressing cell lines (MDAMB-231, Hs578T, and HCC1954) was significantly decreased
after DTX treatment in a dose-dependent manner compared
to that in other breast cancer cell lines (p < 0.05). These results
suggested that CAV-1 might have a modulating role in DTXinduced cell death in breast cancer cells.
2. Effects of CAV-1 on the antiproliferative activity of DTX
To elucidate the biological effects of CAV-1 in the antiproliferative activities of DTX, we examined the changes in
thymidine incorporation after DTX treatment in breast cancer cell lines with or without CAV-1 expression. As shown
in Fig. 2A, CAV-1–expressing MDA-MB-231 cells showed
significantly decreased thymidine incorporation after DTX
treatment (p < 0.05). When the low CAV-1–expressing MCF7 and ZR75-1 cells were transfected by either the CAV-1 gene
or a control vector, CAV-1–transfected cells showed an
obvious decrease in thymidine incorporation compared to
control vector-transfected cells (Fig. 2B and C). In addition,
the antiproliferative effects of DTX were greatly enhanced by
CAV-1 overexpression, and this finding was consistent in
both MCF-7 and ZR75-1 cells. These findings indicated that

CAV-1 might act as an antiproliferative factor and a modulator of DTX activity in breast cancer cells.
3. CAV-1 increased DTX-induced G2/M cell cycle arrest
The antiproliferative activities of DTX mainly result from
its inhibitory effects on mitotic cell division between
metaphase and anaphase, which stabilizes microtubule
assembly and prevents physiological microtubule depolymerization/disassembly [14]. To determine whether CAV-1
altered DTX-induced cell cycle arrest, we examined the
changes in the cell cycle that occurred after DTX treatment
in MDA-MB-231 and MCF-7 cells with or without CAV-1
expression. As shown in Fig. 3A and B, G2/M arrest was
expectedly induced after DTX treatment in both MDAMB-231 and MCF-7 cells. In addition, significantly higher
percentages of cells arrested in the G2/M phases after DTX
treatment were observed in CAV-1–transfected MCF-7 cells
compared to EV-transfected MCF-7 cells (35.7% and 47.2%,
respectively, p < 0.05). We then analyzed the levels of expression of cell cycle-related proteins in these cell lines after DTX
treatment. In MDA-MB-231 cells, p21, p27, and cyclin A were
increased, but the expression of cyclin D2 was decreased 48
hours after DTX treatment (Fig. 3C). CAV-1–transfected
MCF-7 cells showed relatively enhanced expression levels of
p21 and p27 and expression levels of cyclin D2 were downregulated compared to EV-transfected MCF-7 cells after DTX
treatment (Fig. 3D). In addition, the expression level of cyclin
B1 showed a greater increase after DTX treatment in CAV-
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Fig. 3. Caveolin-1 (CAV-1) induces cell cycle arrest in the G2/M phase. Changes in the cell cycle were analyzed with propidium iodide staining in MDA-MB-231 cells (A) and CAV-1–transfected MCF-7 (CAV-1/MCF-7) or empty vector–transfected MCF-7 (EV/MCF-7) cells (B). The bars show the mean percentages of the different phases of the cell cycle. Changes
in cell cycle-related proteins were examined by western blot analyses in MDA-MB-231 (C) and CAV-1/MCF-7 or EV/MCF7 (D) cells. #-Actin was used as an internal control. PBS, phosphate buffered saline; DTX, docetaxel.
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1–transfected cells compared to that in EV-transfected cells.
These results suggested that CAV-1 expression contributed
to the DTX-induced G2/M cell cycle arrest in breast cancer
cells.
4. CAV-1 modulated DTX-induced apoptotic cell death
To investigate the potential effects of CAV-1 in DTXinduced apoptotic cell death in breast cancer cells, the percentage change in apoptotic cell death was analyzed with
annexin V-positive cells after DTX treatment. As shown in
Fig. 4A, the calculated percentage of apoptotic cells induced
by DTX was highly increased in CAV-1–transfected MCF-7
cells compared to EV-transfected MCF-7 cells (17.8% vs.
4.2%, respectively; p < 0.05). In addition, the levels of p53,

Bax, and cleaved poly-ADP-ribose polymerase showed a
greater increase after DTX treatment in CAV-1–transfected
MCF-7 cells compared to EV-transfected MCF-7 cells
(Fig. 4B). Unexpectedly, we found that the levels of Bcl-2,
an antiapoptotic protein, were highly upregulated in CAV1-transfected MCF-7 cells compared to EV-transfected cells.
In addition, the increased levels of Bcl-2 expression observed
in CAV-1–transfected MCF-7 cells after DTX treatment were
detected as two separate bands, which represented the phosphorylated and inactivated form of Bcl-2 protein, as previously reported [15].
Next, determine whether the mechanisms for this DTXinduced apoptotic cell death were affected by the endogenous expression levels of CAV-1, we assessed the total and
phosphorylated forms of Bcl-2 protein after DTX treatment
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Fig. 5. Silencing of caveolin-1 (CAV-1) expression dampened the docetaxel (DTX)-induced phosphorylation of Bcl-2 and
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CAV-1 siRNA–transfected MDA-MB-231 (A) and MCF-7 (B) cells. #-Actin was used as an internal control. The mean percentages of survival in the MTT assay in CAV-1 siRNA–transfected MDA-MB-231 and Hs578T cells are shown (C). PTX,
paclitaxel. *p < 0.05 compared to siRNA controls.

in MDA-MB-231 and MCF-7 cells. As shown in Fig. 5A,
two triple-negative breast cancer cell types (MDA-MB-231
and Hs578T) with high levels of endogenous CAV-1 expression showed increased CAV-1 expression and the induction
of Bcl-2 phosphorylation after DTX treatment. However, the
changes in the levels of CAV-1 expression and phosphorylated Bcl-2 were diminished after CAV-1 siRNA transfection.
In contrast, MCF-7 cells with very low levels of CAV-1
showed decreased Bcl-2 expression after DTX treatment, and
CAV-1 expression was not induced (Fig. 5B). In addition, the
silencing of CAV-1 resulted in significantly decreased DTXinduced cytotoxicity in two triple-negative breast cancer cells
(Fig. 5C). Therefore, these results suggested that the endogenous expression of the CAV-1 gene plays a pivotal role in
DTX-induced apoptosis in breast cancer cells.
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5. CAV-1 enhanced the antitumor effects of DTX in a breast
cancer in vivo model
The findings observed in the in vitro study were further
evaluated in nude mice. The mean tumor size in each group
of mice showed that the tumors of EV/MCF-7 cells treated
with PBS showed the most rapid growth, followed by tumors
of EV/MCF-7 cells treated with DTX. Notably, CAV-1–overexpressing MCF-7 cells (CAV-1/MCF-7) showed greatly
attenuated tumor growth compared to that in EV/MCF-7
cells, and these growth-inhibitory effects were further
enhanced by DTX treatment (p < 0.001) (Fig. 6A). Immunohistochemical analyses were performed to examine the biological changes in the in vivo tumors (Fig. 6B). The protein
expression of p53 was induced both by DTX treatment and
by the ectopic expression of CAV-1 in MCF-7 cells, and its
expression was further enhanced by the combinatorial effects
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Fig. 6. Caveolin-1 (CAV-1) enhances docetaxel (DTX)-induced inhibition of tumor growth in vivo. (A) Images of the mice,
tumors, and the mean tumor volume from each group: empty vector–transfected MCF-7 (EV/MCF-7) (phosphate buffered
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from mice induced by MDA-MB-231 cells were used as a control for the expression of these proteins.
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of DTX and CAV-1. Consequently, the immunostaining of
Ki-67 was more decreased in DTX-treated and CAV-1–transfected MCF-7 tumors compared to DTX-treated EV/MCF-7
tumors. Further antiproliferative effects of DTX in the presence of CAV-1 expression in MCF-7 cells were confirmed by
Ki-67 staining.

Discussion
The current study addressed the question of whether
CAV-1 had tumor-suppressive functions and activity in
DTX-mediated cytotoxicity in different subtypes of breast
cancer cells. The main findings of this study were that CAV1 had antiproliferative and cell cycle arrest functions and
modulated the DTX-induced apoptosis of MDA-MB-231 and
MCF-7 breast cancer cells, which were confirmed in vivo.
CAV-1 has been suggested to function either as a tumor
suppressor or as an oncogene depending on the tumor type
and context of tumor progression. In breast cancer, oncogenic
functions of CAV-1 have been proposed based on the findings of its upregulation in highly aggressive drug-resistant
subsets of basal-like, metaplastic, or inflammatory cancers
[16]. While its prognostic role is unclear, in a comprehensive
meta-analysis, the epithelial expression of CAV-1 showed
significant positive correlations with the clinical characteristics of triple negativity and positivity for cytokeratin 5/6 [17].
More recently, overexpression of CAV-1 was observed in the
claudin-low mesenchymal subtype of breast cancer cells in
murine models, implicating it as a possible biomarker for this
challenging subgroup [18]. However, these observations
have not been clearly supported by biologic studies in any
triple-negative breast cancer model. In the current study,
CAV-1 was highly expressed in two triple-negative and
one ErbB2 subtype of breast cancer cell lines in our panel
(Fig. 1A). In addition, ectopic expression of CAV-1 decreased
cell proliferation by inducing cell cycle arrest in the G2/M
phase in MCF-7 cells (Fig. 2). Of note, CAV-1 per se had efficacy similar to that of DTX in MCF-7 cells, which supported
the findings of earlier studies reporting that CAV-1 is a
tumor suppressor in human breast cancer cells [19]. Therefore, determine the clinical relevance of CAV-1 in the triplenegative mesenchymal subtype of breast cancer is warranted.
The phosphorylated form of CAV-1 is known to enhance
PTX-mediated cytotoxicity in MCF-7 cells. Shajahan et al.
suggested that CAV-1 sensitizes apoptosis by the induction
of p21 in a p53-dependent manner and by suppression of Bcl2. In reality, however, CAV-1 expression is observed mainly
in the basal type of tumors, which contain nonfunctional p53
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protein. Indeed, in this study, the CAV-1–expressing cell
lines that showed high sensitivity to DTX (HCC1954, MDAMB-231, and Hs578T) are known to have mutant p53 [20].
Thus, in tumor cells with nonfunctional p53, different mechanisms might contribute to CAV-1 in taxane-mediated cytotoxicity. More recently, data have emerged suggesting that
Bcl-2 plays an important role in PTX-mediated cytotoxicity.
Although the precise molecular mechanism for regulating
the expression levels of Bcl-2 family proteins is not clear, a
study by Shajahan et al. [15] expanded prior understanding
of the activity of CAV-1 by suggesting that the phosphorylated form of CAV-1% facilitates PTX-induced apoptosis by
inactivating Bcl-2 and Bcl-xL. In the current study, dramatically increased levels of the phosphorylated form of Bcl-2
were observed in CAV-1 transfected MCF-7 cells compared
to MCF-7 cells, which showed an increase in p53 protein
rather than phosphorylated Bcl-2 after DTX treatment
(Fig. 4). Conversely, the knock down of CAV-1 in MDA-MB231 and Hs578T cells resulted in a significant decrease in
the phosphorylated form of Bcl-2 after DTX treatment
(Fig. 5A). These data suggested that the modulating effects
of CAV-1 in DTX-induced apoptosis resulted mainly from
the inhibitory activity on Bcl-2 in p53 nonfunctional MDAMB-231 and Hs578T cells.
DTX is known to have a higher affinity for microtubules
than PTX due to its more potent induction of Bcl-2 phosphorylation [14]. While DTX is one of the most commonly used
chemotherapeutics in patients with breast cancer, predictive
biomarkers of DTX sensitivity are still inconclusive [21].
Based on in vitro data, CAV-1 has been suggested as a sensitizer of PTX in its induction of apoptosis in estrogen receptor-positive breast cancer cells [13]. In the current study,
unlike other triple-negative cell line, CAV-1–negative MDAMB-468 cells showed very low sensitivity to DTX, and CAV1–positive HCC1954 cells were significantly more sensitive
to DTX than the other ErbB2 type of cells. These results suggested that CAV-1 might be an important determinant of
DTX sensitivity in breast cancer. In our in vitro study, transfection of CAV-1 significantly dampened the proliferation of
tumor cells, and its effects were enhanced by DTX treatment
(Fig. 2). This was further confirmed by the knock down of
CAV-1 in MDA-MB-231 and Hs578T cells, which resulted in
significantly decreased DTX-induced cytotoxicity (Fig. 5C).
Consistent with these results, in the in vivo study, immunohistochemical staining of the tumors showed a further
increase in p53 expression and a decrease in the proliferative
marker, Ki-67, in CAV-1–transfected MCF-7 cells treated
with DTX (Fig. 6B). The data presented here confirmed that
CAV-1, a highly versatile and context-dependent gene, had
tumor-suppressive and chemomodulating effects in breast
cancer cells in vivo. Given that CAV-1 is more preferentially
expressed in the clinically challenging subtypes of breast can-

Jinho Kang, Caveolin-1 as a Potential Predictor of Docetaxel Sensitivity

cers, including the basal, inflammatory, and metaplastic subtypes, it should be evaluated as a biomarker for prediction
of response to DTX.
Our data suggesting the chemomodulating effects of
CAV-1 in breast cancer cells were in contrast to the findings
of previous reports that CAV-1 is a mediator of multidrug
resistance [22-24]. Data addressing the relationship of
CAV-1 and drug resistance was first reported from studies
of adriamycin-resistant MCF-7 cells [22] and taxol-resistant
A549 cells [25]. However clinical data from studies of
patients with breast cancer, did not support the in vitro data.
CAV-1 expression was not a prognostic factor in patients
with breast cancer treated with anthracycline-based adjuvant
treatment [4]. In a small series of patients with advanced
non-small-cell lung cancer, positive expression of CAV-1 was
a predictive factor of poor response to gemcitabine-based
chemotherapy and worse clinical outcomes [24]. Data on the
clinical significance of CAV-1 relevant to responses to
chemotherapy and prognoses are still limited, therefore our
data should be confirmed in a clinical study of taxane-treated
patients with other subtypes of cancer.

Conclusion
Taken together, our data suggested that CAV-1 has tumorsuppressive functions as well as modulating activities in
DTX-induced apoptosis of breast cancer cells through different mechanisms.

Conflicts of Interest
Conflict of interest relevant to this article was not reported.

Acknowledgments
This study was financially supported by a Korea University Research Fund.

References
1. Koleske AJ, Baltimore D, Lisanti MP. Reduction of caveolin
and caveolae in oncogenically transformed cells. Proc Natl
Acad Sci U S A. 1995;92:1381-5.
2. Sotgia F, Martinez-Outschoorn UE, Howell A, Pestell RG,
Pavlides S, Lisanti MP. Caveolin-1 and cancer metabolism in
the tumor microenvironment: markers, models, and mechanisms. Annu Rev Pathol. 2012;7:423-67.
3. Park SS, Kim JE, Kim YA, Kim YC, Kim SW. Caveolin-1 is
down-regulated and inversely correlated with HER2 and
EGFR expression status in invasive ductal carcinoma of the
breast. Histopathology. 2005;47:625-30.
4. Savage K, Lambros MB, Robertson D, Jones RL, Jones C,
Mackay A, et al. Caveolin 1 is overexpressed and amplified in
a subset of basal-like and metaplastic breast carcinomas: a
morphologic, ultrastructural, immunohistochemical, and in
situ hybridization analysis. Clin Cancer Res. 2007;13:90-101.
5. Rao X, Evans J, Chae H, Pilrose J, Kim S, Yan P, et al. CpG
island shore methylation regulates caveolin-1 expression in
breast cancer. Oncogene. 2013;32:4519-28.
6. Lisanti MP, Martinez-Outschoorn UE, Sotgia F. Oncogenes
induce the cancer-associated fibroblast phenotype: metabolic
symbiosis and "fibroblast addiction" are new therapeutic targets for drug discovery. Cell Cycle. 2013;12:2723-32.
7. Martins D, Beca FF, Sousa B, Baltazar F, Paredes J, Schmitt F.
Loss of caveolin-1 and gain of MCT4 expression in the tumor
stroma: key events in the progression from an in situ to an
invasive breast carcinoma. Cell Cycle. 2013;12:2684-90.

8. Simpkins SA, Hanby AM, Holliday DL, Speirs V. Clinical and
functional significance of loss of caveolin-1 expression in
breast cancer-associated fibroblasts. J Pathol. 2012;227:490-8.
9. Lyseng-Williamson KA, Fenton C. Docetaxel: a review of its
use in metastatic breast cancer. Drugs. 2005;65:2513-31.
10. Martin M, Rodriguez-Lescure A, Ruiz A, Alba E, Calvo L,
Ruiz-Borrego M, et al. Molecular predictors of efficacy of
adjuvant weekly paclitaxel in early breast cancer. Breast Cancer Res Treat. 2010;123:149-57.
11. Pusztai L, Jeong JH, Gong Y, Ross JS, Kim C, Paik S, et al. Evaluation of microtubule-associated protein-Tau expression as a
prognostic and predictive marker in the NSABP-B 28 randomized clinical trial. J Clin Oncol. 2009;27:4287-92.
12. Tabchy A, Valero V, Vidaurre T, Lluch A, Gomez H, Martin
M, et al. Evaluation of a 30-gene paclitaxel, fluorouracil, doxorubicin, and cyclophosphamide chemotherapy response predictor in a multicenter randomized trial in breast cancer. Clin
Cancer Res. 2010;16:5351-61.
13. Shajahan AN, Wang A, Decker M, Minshall RD, Liu MC,
Clarke R. Caveolin-1 tyrosine phosphorylation enhances
paclitaxel-mediated cytotoxicity. J Biol Chem. 2007;282:5934-43.
14. Gligorov J, Lotz JP. Preclinical pharmacology of the taxanes:
implications of the differences. Oncologist. 2004;9 Suppl 2:3-8.
15. Shajahan AN, Dobbin ZC, Hickman FE, Dakshanamurthy S,
Clarke R. Tyrosine-phosphorylated caveolin-1 (Tyr-14)
increases sensitivity to paclitaxel by inhibiting BCL2 and
BCLxL proteins via c-Jun N-terminal kinase (JNK). J Biol
VOLUME 48 NUMBER 2 APRIL 2016

725

Cancer Res Treat. 2016;48(2):715-726

Chem. 2012;287:17682-92.
16. Van den Eynden GG, Van Laere SJ, Van der Auwera I, Merajver SD, Van Marck EA, van Dam P, et al. Overexpression of
caveolin-1 and -2 in cell lines and in human samples of inflammatory breast cancer. Breast Cancer Res Treat. 2006;95:219-28.
17. Ma X, Liu L, Nie W, Li Y, Zhang B, Zhang J, et al. Prognostic
role of caveolin in breast cancer: a meta-analysis. Breast. 2013;
22:462-9.
18. Thompson DE, Siwicky MD, Moorehead RA. Caveolin-1 expression is elevated in claudin-low mammary tumor cells. Cancer Cell Int. 2012;12:6.
19. Williams TM, Medina F, Badano I, Hazan RB, Hutchinson J,
Muller WJ, et al. Caveolin-1 gene disruption promotes mammary tumorigenesis and dramatically enhances lung metastasis in vivo. Role of Cav-1 in cell invasiveness and matrix
metalloproteinase (MMP-2/9) secretion. J Biol Chem. 2004;
279:51630-46.
20. Haldar S, Chintapalli J, Croce CM. Taxol induces bcl-2 phosphorylation and death of prostate cancer cells. Cancer Res.
1996;56:1253-5.

726

CANCER RESEARCH AND TREATMENT

21. Singel SM, Cornelius C, Batten K, Fasciani G, Wright WE, Lum
L, et al. A targeted RNAi screen of the breast cancer genome
identifies KIF14 and TLN1 as genes that modulate docetaxel
chemosensitivity in triple-negative breast cancer. Clin Cancer
Res. 2013;19:2061-70.
22. Lavie Y, Fiucci G, Liscovitch M. Up-regulation of caveolae and
caveolar constituents in multidrug-resistant cancer cells. J Biol
Chem. 1998;273:32380-3.
23. Ando T, Ishiguro H, Kimura M, Mitsui A, Mori Y, Sugito N,
et al. The overexpression of caveolin-1 and caveolin-2 correlates with a poor prognosis and tumor progression in esophageal squamous cell carcinoma. Oncol Rep. 2007;18:601-9.
24. Ho CC, Kuo SH, Huang PH, Huang HY, Yang CH, Yang PC.
Caveolin-1 expression is significantly associated with drug
resistance and poor prognosis in advanced non-small cell lung
cancer patients treated with gemcitabine-based chemotherapy.
Lung Cancer. 2008;59:105-10.
25. Yang CP, Galbiati F, Volonte D, Horwitz SB, Lisanti MP.
Upregulation of caveolin-1 and caveolae organelles in Taxolresistant A549 cells. FEBS Lett. 1998;439:368-72.

pISSN 1598-2998, eISSN 2005-9256
http://dx.doi.org/10.4143/crt.2014.350

Cancer Res Treat. 2016;48(2):727-737

Open Access

Original Article

Altered Biological Potential and Radioresponse of Murine Tumors in
Different Microenvironments

Purpose
This study was conducted to evaluate the biological features of murine hepatocarcinoma
according to different tumor microenvironmental models and to determine the change in
molecular and immunologic responses after radiation.
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Materials and Methods
Tumor models were established in the liver (orthotopic) and thigh (heterotopic) of male
C3H/HeN mice. Tumor growth and lung metastasis were assessed in these models. To evaluate the radiation effect, the tumors were irradiated with 10 Gy. Factors associated with
tumor microenvironment including vascular endothelial growth factor (VEGF), cyclooxygenase-2 (COX-2), transforming growth factor beta1 (TGF-'1), CD31, and serum interleukin6 (IL-6) were evaluated. Tumor-infiltrating regulatory immune cells, regulatory T cells (Tregs),
and myeloid-derived suppressor cells (MDSCs) were also analyzed.
Results
A higher number of lung metastases were observed in the orthotopic tumor model than in
the heterotopic tumor model. VEGF, CD31, COX-2, and TGF-'1 expression was more prominent in the orthotopic tumor model than in the heterotopic tumor model. Expression of the
angiogenic factor VEGF and key regulatory molecules (TGF-'1 and COX-2) decreased
following radiation in the orthotopic tumor model, while the serum IL-6 level increased after
radiation. In the orthotopic tumor model, the number of both Tregs and MDSCs in the tumor
burden decreased after radiation.
Conclusion
The orthotopic tumor model showed higher metastatic potential and more aggressive
molecular features than the heterotopic tumor model. These findings suggest that the
orthotopic tumor mouse model may be more reflective of the tumor microenvironment and
suitable for use in the translational research of radiation treatment.

Introduction
The tumor microenvironment (TME) and surrounding
adjacent normal tissues might be important modulators of
radiation therapy. The TME, a complex comprising the extra-

│ http://www.e-crt.org │
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cellular matrix and various cell types, including carcinoma
cells, endothelial cells, fibroblasts, and immune cells, as well
as extracellular matrix molecules, is known to contribute to
the carcinoma process [1]. Recent studies have convincingly
demonstrated that the TME might be involved in regulation
of metastasis and tumor progression [2]. In this situation, a
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number of non-neoplastic cells help comprise the TME.
These non-neoplastic cells play important roles in the secretion and bioavailability of pro- and anti-metastatic factors
and thus may either facilitate or suppress metastasis. Cretu
and Brooks [3] suggested an expanding array of components
that contribute to metastasis.
Tumor implantation into the thigh or dorsal skin (heterotopic) has been used as a standard method for establishing
murine tumor models. These types of models are helpful in
understanding the nature of cancers and therapeutic approaches; however, they are not sufficient for the investigation
of interactions of tumor cells with the surrounding microenvironment, including immunological responses. Therefore,
we established a syngeneic murine hepatocarcinoma model
reflecting tumor-host microenvironment and organ selectivity via orthotopic implantation. This model has several
advantages over heterotopic models of hepatocarcinoma.
First, this model showed similar clinical settings including
tumor location, liver damage, and biochemical changes, and
supports an interaction between the tumor and host, particularly between tumor cells and microenvironment. The goal
of the current study was to evaluate the biological features
of orthotopic murine hepatocarcinoma and compare the
molecular and immunologic responses before and after
radiation.

Materials and Methods

2. Establishment of heterotopic and orthotopic murine
tumor models
A heterotopic tumor model (Fig. 1A) was generated by
inoculating 1!106 HCa-I cells into the muscles of the right
thighs of the mice. To evaluate changes of the tumor and normal peritumor liver by radiation, an orthotopic tumor model
was established by injection of 1!106 HCa-I cells directly into
the subcapsular parenchyma of the left lobe of the liver. To
prevent tumor cell spillage, we developed a modified surgical technique, in which a piece of surgicel (Ethicon,
Somerville, NJ) is attached on the liver injection site after
delivery of HCa-I cells (Fig. 1B). Two weeks after tumor cell
implantation, three mice for each tumor model were randomly assigned to a radiation treatment group or control
group.
3. Frequency of lung metastases associated with heterotopic versus orthotopic murine tumors
In HCa-I, grown in thighs, development of spontaneous
lung metastasis occurs within 5-20 days after tumor implantation [7]. The mice were randomly allocated to two groups
of six animals according to the site of tumor implantation
(orthotopic or heterotopic). The number of lung metastatic
nodules was counted for different TMEs. Mouse lungs were
taken at 6, 9, 12, and 15 days after tumor implantation and
fixed with Bouin’s solution (Fig. 1C). After 1 day, the lungs
were rinsed in water to remove excess Bouin’s solution and
the number of surface lung metastatic nodules was counted
under a light polarizing microscope (!4).

1. In vivo tumorigenicity
4. Radiation administration to the orthotopic murine tumor
Male C3H/HeN mice, 7-8 weeks old, were used in the current study. Animal experiments were performed in accordance with the Animal Research Committee’s Guidelines at
Yonsei University Medical College, and all facilities were
approved by the Association for Assessment and Accreditation of Laboratory Animal Care. A spontaneously developed
murine hepatocarcinoma (HCa-I) was generously provided
by Luka Milas (University of Texas M.D. Anderson Cancer
Center) and used in the current study [4]. This transplantable
murine tumor is a syngeneic, highly radioresistant tumor
with a radiation dose yielding a 50% tumor cure rate greater
than 80 Gy [5]. This model has a metastatic potential to the
lung, as well as a full host immune response, making it useful
for study of the application of immunologic findings in preclinical models of cancer [6].

Radiation was delivered to the abdomen as a single dose
of 10 Gy with 320 KV X-ray using the X-RAD 320 (Precision
X-ray, North Branford, CT). A lead shield containing cut-out
squares, 1.5 cm!18 cm in size was used to protect the head
and lower limbs from radiation, and the mice were aligned
for proper liver irradiation. Radiation administration was followed by tumor inoculation 2 weeks later. Irradiated orthotopic tumor samples were obtained on the first and third
days after radiation. Non-irradiated orthotopic tumor samples were also obtained on the same days for comparison
with the irradiated groups.
5. Immunohistochemical staining of tumor microenvironmental molecules
Immunohistochemistry was performed to assess the effect
of radiation on microenvironmental molecules in heterotopic
and orthotopic tumors, including angiogenic factors such as
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Fig. 1. Tumor cells were implanted in the thigh muscle (arrow) in the heterotopic tumor model (A) and at a subcapsular site
(arrow) in the liver in the orthotopic tumor model (B). The frequency of lung metastases (arrows) was determined after fixation with Bouin’s solution (C) under a light microscope. The number of metastatic lung nodules was higher in the orthotopic
tumor model than in the heterotopic tumor model (D). The number of metastatic lung nodules was found to significantly
increase in the orthotopic tumor model at 6 (p=0.03), 9 (p=0.02), 12 (p=0.01), and 15 days (p=0.01) after tumor implantation.
Groups consisted of six mice each.

vascular endothelial growth factor (VEGF) and CD31 and
key regulatory molecules for TME such as cyclooxygenase-2
(COX-2) and transforming growth factor beta1 (TGF-#1).
Immunohistochemical staining procedures were performed
from 4-"m-thick paraffin cut sections. Microvessel density
(MVD) was assessed using the criteria described by Weidner
[8]. Areas of highest neovascularization were identified as
regions of invasive carcinoma and the highest numbers of
discrete microvessels showed staining for CD31.
6. Western blot analysis of tumor microenvironmental molecules
The effects of radiation on tumor microenvironmental molecules were analyzed by Western blotting. Tumor tissue was
obtained from the heterotopic and orthotopic tumor models,
and normal peritumor liver tissue was collected from the
orthotopic tumor model. For detection of specific proteins,
the following antibodies were used at the concentrations rec-

ommended by the manufacturers: a mouse COX-2 monoclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA),
and rabbit polyclonal antibodies to TGF-#1 and VEGF
(Abcam, Cambridge, MA). After washing in TBST, the membranes containing blotted proteins were incubated for 1 hour
at room temperature with either an anti-rabbit (Cell Signaling Technology, Beverly, MA) or anti-mouse (Santa Cruz
Biotechnology) immunoglobulin (IgG) secondary antibody,
horseradish peroxidase conjugate. Detected proteins were
quantified by densitometry (Amersham Pharmacia Biotech,
Piscataway, NJ) after chemiluminescence detection (Fuji
Photo Film, Tokyo, Japan) using the ECL western blot detection system (Amersham Pharmacia Biotech).
7. Determination of the host response to different microenvironments by enzyme-linked immunosorbent assay
Serum was collected from the orthotopic and heterotopic
tumor models for measurement of serum interleukin-6
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Fig. 2. (A) The orthotopic tumor model showed intense cytoplasmic immunoreactivity (!400). N, peritumor normal liver;
T, tumor tissue. (B) The immunohistochemical stains of CD31 (arrows) for heterotopic and orthotopic tumor model (!400).
(C) Vascular endothelial growth factor (VEGF) protein levels were elevated in the orthotopic tumor model (O) compared
with the heterotopic tumor model (H). CD31 expression was also higher in the orthotopic model than in the heterotopic
tumor model. GAPDH, glyceraldehyde 3-phosphate dehydrogenase. (D) Microvessel density using CD31 increased significantly in the orthotopic tumor model (**p < 0.01). Arrows indicate the microvessels of positive CD31 immunohistochemical
staining. The number of mice was six per group.

(IL-6) and VEGF levels by enzyme-linked immunosorbent
assay (ELISA) using Quantikine ELISA Kits (R&D System,
Minneapolis, MN) according to the supplier’s instructions.
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Blood was obtained via closed cardiac puncture using a
22-gauge hypodermic needle and a subxyphoid approach.
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8. Immune response of the normal peritumor liver and
tumor by flow cytometry
For flow cytometry, the normal peritumor liver and tumor
samples were obtained, and spleen tissues were sampled as
a control. Flow cytometry was performed by FACS Calibur
and FACS Cantoll (BD Biosciences, San Jose, CA), and all
antibodies used in this study were purchased as in our previous study [9].
9. Statistical analysis
Results are expressed as mean±standard error. The t test
was used to determine the significance of the differences. All
tests were two-sided, and a p-value less than 0.05 indicated
statistical significance.

Results
1. Establishment of different TME animal models for
murine hepatocarcinoma
Successful tumor formation was achieved in both the heterotopic and orthotopic models after tumor cell inoculation.
None of the animals died during inoculation. Features of the
heterotopic and orthotopic tumor model after tumor cell
implantation are shown in Fig. 1A and B.
Each murine HCa-I showed rapid growth and began to
spread to the lung. In comparison of tumor behavior between
the heterotopic and orthotopic models, the average number
of metastatic lung nodules (Fig. 1C) showed a significant
increase in the orthotopic tumor model at 6, 9, 12, and 15
days after tumor implantation (p=0.03, p=0.02, p=0.01, and
p=0.01, respectively). Fifteen days after tumor implantation,
the average numbers of lung nodules in the heterotopic and
orthotopic tumor models were 9.7±2.8 and 22.0±11.7, respectively (p=0.01) (Fig. 1D). Thus, the orthotopic tumor model
showed a higher metastatic potential than the heterotopic
tumor model.
To investigate the angiogenic factors that prominently contribute to tumor stroma, VEGF expression and MVD were
compared in the different TME models. Higher VEGF
expression was observed in the orthotopic than in the heterotopic tumor model as determined by immunohistochemical staining. In the orthotopic tumor model, VEGF
expression was observed mainly in the tumor area, whereas
only scant VEGF expression was observed in the normal pertitumor liver (Fig. 2A). Western blot analysis also showed
that VEGF expression was higher in the orthotopic than in

the heterotopic tumor model (Fig. 2C).
The MVD in each experimental group was evaluated by
immunohistochemical staining for CD31 (Fig. 2B and D). Significantly higher MVD was observed in the orthotopic than
in the heterotopic tumor model (p < 0.01), and results of
western blotting showed an increase in CD31 expression in
the orthotopic tumor model (Fig. 2D). These data indicate
that the orthotopic tumor model might have a higher
metastatic potential than the heterotopic tumor model.
For evaluation of TGF-#1, key regulatory molecules
involved in the TME, the expression and location of TGF-#1
protein were determined by immunohistochemistry. High
expression of TGF-#1 was observed in both the heterotopic
and the orthotopic tumor models (Fig. 3A). Interestingly, in
the orthotopic tumor model, TGF-#1 expression was more
prominent in the peripheral tumor area than in the tumor
region. Western blot assays showed slightly higher TGF-#1
expression in the orthotopic tumor model than in the heterotopic tumor model (p > 0.05) (Fig. 3C).
COX-2 is also a key regulatory molecule in the TME and
plays a vital role in inhibiting apoptosis and stimulating
tumor angiogenesis. To determine the cellular localization of
active COX-2 in each tumor model, frozen sections were
stained for COX-2 (Fig. 3B). COX-2 expression was more
prominent in the orthotopic tumor area, and only slight
staining was detected in the heterotopic tumor tissue. In
western blotting analysis, the tumor showed higher COX-2
expression in the orthotopic tumor model than in the heterotopic tumor model (Fig. 3C).
2. Tumor microenvironmental responses to radiation
Tumor microenvironmental responses after radiation
exposure were evaluated according to different TME models.
Irradiated tumor samples were obtained on the third day
after radiation. The tumor compartment showed no significant response after radiation in the heterotopic tumor model,
because prominent expression was not observed in tumor
tissue before radiation (Fig. 4A-D). The orthotopic tumor
model had far advanced and metastatic disease, therefore,
COX-2, VEGF, and TGF-#1 showed high expression before
radiation and decreased expression after radiation in tumor
tissue (Fig. 4A-C). Results of western blot analysis also
showed that COX-2 and TGF-#1 expression in tumor tissue
of the orthotopic tumor model was slightly down-regulated
after radiation except VEGF (Fig. 4D). Although we tried to
obtain information about the interaction between the tumor
and normal peritumor liver tissue, we found no significant
radiation effect due to sparse expression of host tissue.
Local radiotherapy may have an effect on systemic
cytokine levels, which may show altered radiation responses
in different TMEs; therefore the serum IL-6 level was evaluVOLUME 48 NUMBER 2 APRIL 2016
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Fig. 3. (A) Orthotopic and heterotopic tumor models demonstrated intense transforming growth factor beta1 (TGF-#1)
immunoreactivity (!400). N, peritumor normal liver; T, tumor tissue. (B) The orthotopic tumor model showed predominant
expression of cyclooxygenase-2 (COX-2) in the cytoplasm of peripheral tumor tissue (!400). (C) Western blot assays using
antibodies against TGF-#1 and COX-2 in the orthotopic (O) and heterotopic (H) tumor models showed higher TGF-#1 and
COX-2 expression in the orthotopic model than in the heterotopic tumor model. GAPDH, glyceraldehyde 3-phosphate
dehydrogenase.
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Fig. 4. (Continued from the previous page) (E) Serum interleukin-6 (IL-6) increased after irradiation in heterotopic and orthotopic
tumor models (p=0.01 and p=0.01), and the orthotopic tumor model showed a significantly higher level of IL-6 than the heterotopic tumor model (p < 0.01). Increased serum VEGF levels were also measured in the orthotopic tumor model and this
level was reduced after irradiation in the orthotopic tumor model, but the difference was not significant (F). The sampling
number was six per group. N/L, normal liver of naïve mouse; N, normal peritumor liver; T, tumor; RT, radiation treatment;
GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

a significantly higher frequency of CD11b+Gr-1+ MDSCs than
the heterotopic tumor model [9].
To further investigate the frequency of immune cells in
orthotopic tumor microenvironmental immune cells and
their response after irradiation, expression of CD4+, CD8+,
CD25+Foxp3 Treg cells, and CD11b+Gr-1+ MDSCs was examined in the orthotopic tumor bearing mouse model. The frequencies of total CD4 and CD8 T cells in tumor-infiltrating
lymphocytes (TILs) are shown in the irradiated and nonirradiated orthotopic tumor model (Fig. 5A). The number of
these cells showed a slight decrease after radiation, although
it was not statistically meaningful. The number of CD25+
Foxp3 Treg cells in the tumor was significantly decreased
after radiation (Fig. 5B), and CD11b+Gr-1+ MDSCs expression
was also significantly decreased after radiation (Fig. 5C).

Discussion
Histological examination of tumors shows the presence of
many non-epithelial cell types, which comprise the tumor

734

CANCER RESEARCH AND TREATMENT

stroma. This suggests that the TME is not defined only by the
properties of the malignant cell population but rather is a
product of the interaction between tumor and non-neoplastic
tissue. In this light, heterotopic tumor implantation has a limitation for use in investigation of the nature of human cancers
and their therapeutic approaches. Gao et al. [10] established
a nude mouse model of human hepatocellular carcinoma
(HCC) via orthotopic implantation of histologically intact tissue. Various orthotopic HCC models have been established
in nude mice; the current study established a syngenic orthotopic tumor model for evaluation of microenvironmental
alterations, including immunologic responses. This model
also represents the features of a mouse model with murine
HCC and could be an interesting tool for use in exploration
of therapeutic strategies of HCC and its microenvironmental
effects.
According to several research studies, heterotopic and
orthotopic tumors differ in terms of both angiogenesis and
metastasis. Morikawa et al. [11] demonstrated that implantation of KM12 cells into the cecal wall (orthotopic) or a subcutaneous site (heterotopic) in nude mice produces tumors
with different metastatic potentials: orthotopic tumors are
invasive and metastatic, whereas heterotopic tumors are not,
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Fig. 5. Immune cell expression after radiation (n=4 mice per each group). Irradiated orthotopic tumor samples were obtained
on the third day after radiation. (A) The frequency of total CD4 and CD8 T cells in tumor-infiltrating lymphocytes are shown
in the irradiated and non-irradiated orthotopic tumor model. In tumor bearing mice (TM-bearing) mice, the frequency of
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was significantly decreased after radiation (p < 0.05). (C) Myeloid-derived suppressor cell CD11b+Gr-1+ expression was also
significantly decreased after radiation (p < 0.05). Treg, regulatory T cell; RT, radiation treatment; ns, not significant.

suggesting that different organ environments may differentially influence the expression of metastasis-related genes.
Onogawa et al. [12] reported that levels of epidermal growth
factor receptor, basic fibroblast growth factor, IL-8, VEGF-C,
and VEGF-D protein were higher in orthotopic than in heterotopic tumors. In our current study, a more aggressive
potential for tumor growth and lung metastasis was obse-

rved for the orthotopic model than for the heterotopic tumor
model. In addition, angiogenic factors (VEGF and CD31), key
regulatory molecules (COX-2 and TGF-#1), and serum
cytokine (IL-6) increased in the orthotopic model compared
with that in the heterotopic tumor model. Lung metastasis
may therefore depend on changes in the TME or on tumor
cell-intrinsic genetic events. One might conclude that heteroVOLUME 48 NUMBER 2 APRIL 2016
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topic tumors require a bit more time to reach the same number of lung metastases. Therefore, the heterotopic tumor
model is also valuable for investigating the metastatic
process or potential. However, there was still a lack of experimental studies regarding the differences between primary
tumors and late-stage metastatic disease.
Several clinical studies have demonstrated a direct correlation of high primary tumor MVDs with increased incidence
of metastases, and tumor MVD was a significant and independent prognostic indicator for relapse-free and overall survival of cancer patients [13]. Similarly, an elevated tumor or
serum level of IL-6 was associated with increased incidence
of metastasis in cancer patients [14,15]. In our tumor model,
angiogenic factors (VEGF and CD31) were also higher in the
orthotopic model than in the heterotopic tumor model. These
findings suggested that VEGF expression might be associated with an increased lung metastatic potential in the orthotopic tumor model compared with the heterotopic tumor
model. IL-6 is involved in the immune response, inflammation, and hematopoiesis. Mouthon et al. [16] found that IL-6
was increased in plasma from intestine- and liver-irradiated
mice. Chou et al. [17] reported a nonspecific increase in IL-6
levels in patients undergoing radiotherapy in a part of the
liver. IL-6 is also regarded as a major trigger of VEGF induction, and the mechanism of VEGF induction by IL-6 may be
critically involved in the progression of tumor cell growth
[18]. A significantly higher level of IL-6 was observed in our
orthotopic tumor model than the heterotopic tumor model,
and the irradiated orthotopic tumor model showed increased
serum IL-6 levels.
Considering the TME in controlling metastasis and the
complexity of the various TME compartments, the orthotopic
animal model is a useful tool for evaluation of immunologic
findings due to its retention of a similar natural environment.
Pang et al. [19] reported that the representation of CD8+ T
cells, natural killer (NK) cells, NK-T cells, and gamma delta
()*) T cells was significantly reduced in TILs in HCC
patients. The CD4+ T population was substantially expanded
in TILs, and a significant increase in CD25+Foxp3 Treg cells
was observed in the tumor tissue [19]. Our previous study
demonstrated an increased population of Treg cells and
up-regulation of inhibitory receptors by Treg cells in TILs
from heterotopic and orthotopic tumor models [9]. In addition, CD11b+Gr-1+ MDSCs also increased in both tumor models. MDSCs expressing CD11b+Gr-1+ are known to be a
negative regulator of immune responses in cancer and other
diseases. MDSCs are also associated with the induction of
Tregs in the TME, which could produce IL-10 through the
activity of the transcription factor Foxp3 [20]. Interestingly,
in our current study, orthotopic tumor models showed
decreased CD25+Foxp3 Treg cells and CD11b+Gr-1+ MDSCs
in TIL after radiation. These findings suggest that decreased
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CD11b+Gr-1+ MDSCs may enhance immune responses and
ameliorate radiotherapeutic responses.
Although orthotopic tumor models showed a decrease of
CD25+Foxp3 Treg cells in TIL after radiation in the current
study, there are resistant CD25+Foxp3 Treg cells [21]. Therefore, the strategy employing radiotherapy combined with
ablation of Treg cells may improve the outcome of treatment
and prolong the survival [22]. With the development of
molecular target therapies, the use of several drugs, antibodies, or fusion proteins to reduce or eliminate human suppressor cells is also currently under clinical investigation [23,24].
Thus, there is considerable support for a rationale for potential clinical trials employing multimodal TME-based therapies with radiation [25]. These results highlight the potential
importance of innate immunity in antitumor responses; further exploration of this system is needed.

Conclusion
The orthotopic tumor model demonstrated higher lung
metastatic potential and more aggressive molecular features
(VEGF, COX-2, and TGF-#1) than the heterotopic tumor
model. In the orthotopic tumor model, the angiogenic factor
VEGF, key regulatory molecules (TGF-#1 and COX-2), and
immune cells (CD25+Foxp3 Treg and CD11b+Gr-1+ cells)
decreased after radiation. These findings suggest that an
orthotopic tumor mouse model may be more reflective of the
TME and suitable for the investigation of radiation treatment.
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Purpose
The purpose of this study is to determine whether luminacin, a marine microbial extract
from the Streptomyces species, has anti-tumor effects on head and neck squamous cell
carcinoma (HNSCC) cell lines via autophagic cell death.
Materials and Methods
Inhibition of cell survival and increased cell death was measured using cell viability, colony
forming, and apoptosis assays. Migration and invasion abilities of head and cancer cells
were evaluated using wound healing, scattering, and invasion assays. Changes in the signal
pathway related to autophagic cell death were investigated. Drug toxicity of luminacin was
examined in in vitro HaCaT cells and an in vivo zebrafish model.
Results
Luminacin showed potent cytotoxicity in HNSCC cells in cell viability, colony forming, and
fluorescence-activated cell sorting analysis. In vitro migration and invasion of HNSCC cells
were attenuated by luminacin treatment. Combined with Beclin-1 and LC3B, Luminacin
induced autophagic cell death in head and neck cancer cells. In addition, in a zebrafish
model and human keratinocyte cell line used for toxicity testing, luminacin treatment with
a cytotoxic concentration to HNSCC cells did not cause toxicity.
Conclusion
Taken together, these results demonstrate that luminacin induces the inhibition of growth
and cancer progression via autophagic cell death in HNSCC cell lines, indicating a possible
alternative chemotherapeutic approach for treatment of HNSCC.

Introduction
Cancer is a major cause of death, and head and neck squamous cell carcinoma (HNSCC) ranks seventh in annual incidence worldwide [1]. Treatment of HNSCC involves surgery,
external beam radiation, or platinum-based chemotherapy.
In cases of locally advanced HNSCC, these three modalities
should be administered concurrently or sequentially. Despite
intensive treatments, over 50% of patients with advanced
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HNSCC eventually experienced locoregional or distant failure within 2 years [2]. Despite a number of technical
advances in chemotherapeutics, including targeted therapy
for epidermal growth factor receptor, the survival rates of
HNSCC have not improved significantly [2]. Therefore,
efforts to develop alternative anti-cancer agents should be
continued. The limited efficacy of current synthetic chemotherapeutics has necessitated the search for and evaluation
of novel bioactive drugs, particularly from natural compounds.

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Compounds derived from natural sources have played an
important role in the development of novel anticancer therapeutics. From the 1940s to 2010, of a total of 206 approved
anti-cancer drugs, 112 naturally-derived anti-cancer drugs
were discovered, purified, and finally approved [3]. The
ocean is one of the best sources of bioactive natural products.
To date, over 22,000 marine natural compounds have been
identified and reported in the literature [4]. Some of these
compounds showed considerable tumor suppressing activity
and are currently being investigated in clinical trials or used
as lead compounds for development of new anti-cancer
drugs. We hypothesized that luminacin, a metabolite from
the marine Streptomyces species, is a promising alternative
therapeutic agent for HNSCC. In this investigation, we
determined whether luminacin has anti-proliferative and
anti-progression effects on HNSCC cell lines, particularly via
the autophagic cell death pathway.

penicillin-streptomycin at 100 U/mL (Gibco, Carlsbad, CA)
at 37°C in a humidified atmosphere with 5% CO2 and 95%
air. Luminacin was dissolved in autoclaved water as a stock
solution for in vitro studies.
3. Cell viability assay
To determine cell viability, the HNSCC cell lines and
HaCaT cells were seeded onto 96-well plates at densities of
5!103 cells/well in 1 mL complete medium with various concentrations of luminacin (0-50 µg/mL). MTT, also known as
3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl-2H-tetrazolium
bromide (Sigma-Aldrich), was added to 40 µL of the cell suspension for 4 hours. After three washes with phosphate
buffered saline (PBS, pH 7.4), the insoluble formazan product
was dissolved in dimethyl sulfoxide (DMSO). The optical
density of each culture well was measured using a microplate reader (Bio-Tek, Winooski, VT) at 540 nm.
4. Colony forming assay

Materials and Methods
1. Cytotoxic effects on zebrafish

Colony forming assays were performed as previously
described [5]. To determine long-term effects, HNE1 cells
were untreated or treated with 30 ng/mL hepatocyte growth
factor (HGF) after treatment with luminacin (0, 0.1, or 1
µg/mL) in 24-well plates. After rinsing with fresh medium,
cells were allowed to grow for 3 days to form colonies, which
were stained with 4% crystal violet (Sigma-Aldrich). More
than 2 mm of the cells were counted.

Freshly fertilized embryos (6-hour post-fertilization) were
treated with luminacin (0, 0.1, or 1 µg/mL) (Fig. 1A). The
hatching rate of embryos was assessed visually by light
microscopy at 24-hour intervals up to 3-day post-fertilization
(dpf). Mortality was determined by the lack of a heartbeat,
coagulation of the embryos, a non-detached tail, and failure
to develop somites. The morphology was assessed visually
using an Axiovert 200 light transmission microscope (Carl
Zeiss, Göttingen, Germany) at a magnification of 60-100!.
Hair cell lateral line neuromasts were labeled using 2 µM
YO-PRO1 (Molecular Probes, Eugene, OR) for 30 minutes.
The zebrafish were rinsed three times (5 minutes per wash)
in embryo medium and anesthetized with 8 µg/mL 3-aminobenzoic acid ethyl ester methanesulfonate salt (MS-222,
Sigma-Aldrich, St. Louis, MO), and then mounted with
methylcellulose on a depression slide for observation under
a fluorescence microscope.

Cell migration ability was measured using the wound
healing assay as previously described [5]. Briefly, cells were
grown to confluent monolayers, which were wounded by
scratching the surface, as uniformly as possible, with a 1-mL
pipette tip. MSKQLL1 cells were pre-treated with HGF (0, 1,
or 10 ng/mL) followed by treatment with luminacin (0, 0.05,
0.1, or 0.5 µg/mL). Images of the wound area were captured
on day 0 (day of scratching) and 12 hours after scratching
using an Olympus SC 35 camera (Tokyo, Japan) connected
to an inverted microscope.

2. Cell lines

6. Scattering assay

Seven established human HNSCC cell lines—SCCQLL1,
SCC15, SCC25, SCC1483, MSKQLL1, HN6 (oral cancer cell
lines), HNE1 (nasopharyngeal cancer cell line), and human
keratinocytes (HaCaT) cell lines were obtained from American Type Culture Collection (Manassas, VA) and Korean Cell
Line Bank (Seoul, Korea). The cells were grown in Dulbecco’s
modified Eagle’s medium with 10% fetal bovine serum and

MSKQLL1 cells were seeded in 24-well tissue culture
dishes at a density of 1!105 per well and incubated under
serum deprivation conditions for 24 hours. The cells were
then cultured with or without luminacin (0, 0.05, or 0.1
µg/mL) and HGF (10 ng/mL). After 24 hours, the cells were
stained with 0.1% crystal violet solution (dissolved in 20%
methanol). The number of cell colonies, their sizes, and the

5. Wound healing assay
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Fig. 1. In vivo and in vitro toxicity of luminacin tested on zebrafish embryos and HaCaT cells. (A) Structure of luminacin.
Embryos were exposed to luminacin at 6-hour post-fertilization. (B) Hatching rate of zebrafish embryos. (C) Staining of neuromasts in zebrafish embryos with YO-PRO1 after treatment with luminacin. Neuromasts were stained as white dots. Treatment with 0.1 µg/mL luminacin did not decrease the number of neuromasts. (D) HaCaT cells were exposed to various
concentrations of luminacin (0-5 µg/mL). Cell viability was measured by MTT assay. Luminacin decreased viability of HaCaT
cells only at a concentration of 5 µg/mL. Data represent the mean±standard deviation of three independent experiments.
*p < 0.05.

degree of scattering were observed, and representative
images were captured using light microscopy.

solutions. The number of invading cells was counted in four
representative fields per membrane using light microscopy
at 40! magnification.

7. Invasion assay
8. Western blot assay
The invasion assay was performed as previously described
[6] using 24-well transwell filters with an 8-µm pore size and
coated collagen in filters. MSKQLL1 cells (2!104) in the upper
chamber were pretreated with luminacin (0, 0.05, or 0.1
µg/mL) and then with or without 10 ng/mL HGF. Both
inserts and lower wells were treated with vehicle control
(DMSO), luminacin, and HGF. The chambers were incubated
for 16 hours at 37°C in an atmosphere containing 5% CO2.
After 16 hours, the cells in the insert were gently removed
using a cotton swab. Cells on the lower surface of the filter
were fixed and stained using hematoxyin and eosin staining
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Cells were pre-treated with HGF (30 ng) or PBS for 10
mintues, and then washed twice with cold PBS, and subsequently treated with luminacin (0, 1, 5, or 10 µg/mL). Total
proteins were extracted using the ProteoExtract Subcellular
Proteome Extraction Kit (Calbiochem, La Jolla, CA) following
the manufacturer's instructions. Protein concentrations were
measured using the BCA assay (Pierce, Rockford, IL). The
proteins were separated by electrophoresis on 12% and 10%
sodium dodecyl sulfate polyacrylamide gels. An equal
amount of protein (10 µg) was loaded in each lane. After elec-
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trophoresis, the proteins were transferred onto polyvinylidene difluoride membranes. The membrane was blocked in
Tris-buffered saline Tween-20 (TBST) containing 5% non-fat
milk for 1 hour, followed by incubation overnight at 4°C with
primary antibodies. All primary antibodies were purchased
from Cell Signaling Technology (Danvers, MA). After washing the membrane extensively, incubation with horseradish
peroxidase-conjugated secondary antibody (1:1,000, Cell Signaling Technology) was performed for 1 hour at room temperature. Protein bands on the blots were visualized using
ECL Plus Western Blot detection reagents (Amersham Pharmacia Biotech, Piscataway, NJ).

and statistical analysis was performed using the KruskallWallis test and the Mann-Whitney U test (ver. 17, SPSS Inc.,
Chicago, IL). A p-value of < 0.05 was considered statistically
significant.

9. Annexin V–fluorescein isothiocynate (FITC)/propidium
iodide (PI) double staining

To determine in vivo toxicity of luminacin, zebrafish
embryos at 6 hours post-fertilization were exposed to luminacin (0, 0.1, or 1 µg/mL) and the effects of this treatment on
their morphologic appearance and survival up to 3 dpf of
development were measured. Luminacin decreased hatching
rates of the zebrafish embryos at 1 µg/mL concentration
(p < 0.05) (Fig. 1B). The distribution of neuromasts in live 3
dpf zebrafish, as detected by staining with YO-PRO1, is
shown in Fig. 1C. Luminacin exposure did not result in a significant loss of YO-PRO1 staining in neuromasts and few
morphological changes were observed in zebrafish embryos
treated with 0.1 µg/mL luminacin; however, a 1 µg/mL concentration of luminacin caused total loss of neuromasts and
definite morphological changes, including shortened body
axis and reduced pigmentation (Fig. 1C). In cisplatin (50 µM)
treated zebrafish, total loss of neuromasts was detected
(Fig. 1C). As shown in Fig. 1D, luminacin treatment did not
decrease the viability of HaCaT cells, except in high concentration (5 µg/mL).

Quantitative analysis of apoptotic cell death caused by
Luminacin was performed using the FITC Annexin V Apoptosis Detection kit II (Becton Dickinson, Franklin Lakes, NJ),
following the manufacturer’s protocols. Briefly, cells were
plated at 1!106 cells/well in a 6-well plate, incubated for 16
hours, and then treated with luminacin (0, 1, 2.5, 5, 10, or 20
µM) for 24 hours. The cells were harvested, washed with cold
PBS, and subjected to Annexin V–FITC and PI staining in
binding buffer at room temperature for 10 minutes in the
dark. The stained cells were analyzed by fluorescence-activated cell sorting (FACS ARIA3, BD Biosciences, San Jose,
CA) using WinMDI 2.9 software (Purdue University Cytometry Laboratories, West Lafayette, IN).
10. Immunocytochemistry
SCC15 cells (5!104) were incubated on a coverslip in a
12-well plate followed by treatment with 10 µg/mL luminacin for 24 hours. Cells were washed twice with PBS, and
then incubated with 4% paraformaldehyde for 20 minutes at
room temperature and treated with 0.075% Triton X-100 for
5 minutes to allow the antibody to permeabilize the cell
membranes. After washing twice with PBS and blocking
with 2% bovine serum albumin/PBS for 30 minutes, the
slides were incubated with primary antibody, anti-LC3B I/II
antibody (1:100, Cell Signaling Technology), overnight at
4°C. The slides were then washed three times with PBS and
incubated with secondary antibody (Alexa Flouor 488, goat
anti-rabbit IgG, Invitrogen, Grand Island, NY) for 30 minutes
at room temperature. Digital images of stained cells were
captured with the confocal microscope A1R-A1 (Nikon,
Tokyo, Japan) and randomly selected.
11. Statistical analyses
All values were expressed as mean±standard deviation

Results
1. Luminacin-induced in vivo and in vitro toxicity in
zebrafish embryos and HaCaT cells

2. Luminacin inhibited cell growth in various head and
neck cancer cells
As shown in Fig. 2, treatment with luminacin resulted in
decreased viability of various HNSCC cells. In examining the
effects of different concentrations of luminacin on HNSCC
cells, we found that luminacin significantly inhibited
HNSCC cell growth in a dose-dependent manner (Fig. 2). In
SCC15, HN6, and MSKQLL1 cells, 1 µg/mL luminacin showed a statistically significant cytotoxic effect (p < 0.001).
3. Luminacin decreased viability, migration, and invasion
capability induced by HGF in head and neck cancer cells
HGF is widely accepted as a potential enhancer of invasive
growth in HNSCC. A colony-forming assay was performed
for analysis of the suppressive effect of luminacin on the survival of the HNSCC cell lines. As shown in Fig. 3A, pre-treatment with luminacin resulted in complete suppression of the
VOLUME 48 NUMBER 2 APRIL 2016
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Fig. 2. Effects of luminacin on proliferation in various head and neck carcinoma cell lines. Results of the cell proliferation
assay. Head and neck cancer cells were exposed to various concentrations of luminacin (0-50 µg/mL). At 5 days after treatment, cell viability was measured by MTT assay. Luminacin significantly inhibited the proliferation of head and neck carcinoma cell lines. Data represent the mean±standard deviation of three independent experiments. ***p < 0.001 compared to
control.

survival of HNSCC cells not treated with HGF. In addition,
the survival rate of cells co-treated with HGF and luminacin
was significantly decreased (Fig. 3A). The wound healing
assay was used to determine the migration capability of
HNSCC cells. HGF enhanced the proliferation and migration
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abilities of the cells; this enhancement was successfully
inhibited by luminacin treatment (Fig. 3B). The degree of
scattering in HNSCC cells treated with or without HGF/
luminacin was observed. HGF-treated cells showed increased scattering behavior, while HGF/luminacin co-treated
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Fig. 3. Effect of luminacin on hepatocyte growth factor (HGF)–induced viability, migration, and invasion capability in head
and neck carcinoma cells. Investigation of cell viability, migration, and invasion capability after HGF/luminacin treatment
using colony forming, wound healing, cell scattering, and invasion assays. (A) HNE1 cells were treated or untreated with
30 ng/mL HGF and luminacin (0, 0.1, or 1 µg/mL) and incubated for 3 days to form colonies. After 4% crystal violet staining,
more than 2 mm of the colonies were counted. Luminacin treatment significantly inhibited the survival rates of cells treated
with HGF. (B) Confluent monolayers of MSKQLL1 cells were wounded by scratching the surface as uniformly as possible
with a 1-mL pipette tip. Cells were treated or untreated with 10 ng/mL HGF and luminacin (0, 0.05, 0.1, or 0.5 µg/mL), and
then cultivated for another 12 hours. Percent closure of wound areas was measured. Luminacin treatment resulted in significant dose-dependent inhibition of HGF-induced enhancement of cell proliferation and migration. (Continued to the next page)

cells showed a discernible reduction in HGF-induced cell
scattering (Fig. 3C). The effect of luminacin on HNSCC cell
invasion was further addressed using transwells, and cotreatment with luminacin and HGF significantly inhibited
cell invasion compared to treatment with HGF alone
(Fig. 3D), indicating that luminacin inhibited HGF-induced

HNSCC cellular migration and invasion.
Next, we determined whether HGF-induced changes at the
protein level were restored by luminacin. A representative
western blot is shown in Fig. 3E; the results confirmed
increased protein levels or phosphorylation of p-Met and
p-Erk after HGF treatment. Luminacin inhibited the HGFVOLUME 48 NUMBER 2 APRIL 2016
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Fig. 3. (Continued from the previous page) (C) MSKQLL1 cells were cultured with or without luminacin (0, 0.05, or 0.1 µg/mL)
and HGF (10 ng/mL). After 24 hours, the cells were stained in a 0.1% crystal violet solution. The number of cell colonies,
their sizes, and the degree of scattering were observed. HGF/luminacin co-treated cells showed a discernible reduction in
HGF-induced cell scattering. (D) MSKQLL1 cells (2!104) in the upper chamber were pretreated with luminacin (0, 0.05, or
0.1 µg/mL) and then with or without 10 ng/mL HGF. After 16 hours, the number of invading cells was counted in four representative fields per membrane. Co-treatment with luminacin and HGF significantly inhibited cell invasion compared to
treatment with HGF alone. (Continued to the next page)
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Fig. 3. (Continued from the previous page) (E) Immunoblot of luminacin/HGF treated cells stained with antibodies against Met,
p-Met, Erk, and p-Erk. Luminacin inhibited HGF-induced enhancement of phosphorylation of p-Met and the downstream
target, p-Erk. Data represent the mean±standard deviation of three independent experiments. *p < 0.05, **p < 0.01,
***p < 0.001.

induced increase in phosphorylation of p-Met and the downstream target, p-Erk (Fig. 3E). These results suggest that the
cytotoxic effect and the inhibited migration and invasion by
luminacin may correlate with reduced phosphorylation of
Met.
4. Luminacin induced cytotoxicity through autophagic cell
death
To determine whether luminacin induced apoptosis in
HNSCC cells, cells were treated with luminacin (0, 1, 2.5, 5,

10, and 20 µg/mL) before analysis of annexin/PI fluorescence-activated cell sorting apoptosis. As shown in Fig. 4, the
percentages of apoptotic cells in luminacin-treated groups
did not exceed 15% in SCC15 or 40% in MSKQLL1 cells, even
when treated with 20 µg/mL luminacin. Our results demonstrated that luminacin-induced cell death was not caused primarily by apoptosis or necrosis, but another cell death
mechanism.
Next, we determined whether the cell death induced by
luminacin treatment was mediated mainly through autophagy. As determined by western blot analysis, luminacin
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Fig. 4. Apoptotic cell death induced by luminacin treatment in head and neck cancer cells. Cells were treated with luminacin
(0-20 µg/mL). Flow cytometry was used for quantification of luminacin-induced apoptosis: annexin V–fluorescein isothiocynate (FITC) and propidium iodide (PI) staining were used for analysis of the percentage of apoptotic cells treated with
luminacin. The percentages of apoptotic cells in luminacin-treated groups did not exceed 15% in SCC15 cells (A) and 40% in
MSCQLL1 cells (B), even when treated with 20 µg/mL luminacin. Data represent the mean±standard deviation of three
independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001. (Continued to the next page)

increased the expression of Beclin-1 and LC3B I/II, proteins
required for autophagosome formation (Fig. 5A). In addition,
confocal microscopy showed that luminacin-treated cells
expressed LC3B, indicating that cells underwent autophagic
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cell death (Fig. 5B). Next we performed western blot analysis
to determine whether Akt and mitogen-activated protein
kinase (MAPK) signaling, which contribute to autophagy,
were blocked by luminacin. As shown in Fig. 5C, luminacin
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treatment resulted in increased levels of p-JNK and p-p38
protein, subsequently resulting in decreased phosphorylation of p-Akt. These results suggest that the mechanism by
which luminacin induces autophagic cell death may involve
the Akt and MAPK signaling pathways.
For measurement of autophagic flux, monitoring of LC3
turnover was performed by the observation of LC3-II degradation in autolysosomes. Treatment with a lysosomal inhibitor, NH4Cl (20 mM), resulted in increased LC3-II, and
treatment with luminacin (10 µg/mL) further increased
LC3-II levels (Fig. 6A and B).

Discussion
Nature-derived products have infinite potential for use in
biomedical and pharmaceutical applications, thus they can
also be applied to diverse biotechnological indications [7-9].
The biomedical and pharmaceutical application of a natural
substance is related to its anti-viral, anti-tumor, anti-microbial, and general cytotoxic properties [10]. Natural product
drugs might have advantages of shorter development periods and lower research costs compared with completely synVOLUME 48 NUMBER 2 APRIL 2016
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Fig. 5. Autophagic cell death in head and neck cancer cells induced by luminacin treatment. (A) Cell lysates were collected,
electrophoresed through an sodium dodecyl sulfate–polyacrylamide gel, and subjected to immunoblot analysis with antibodies against Beclin-1 and LC3B I/II. Luminacin increased the expression of Beclin-1 and LC3B I/II, which are known as
autophagosome formation proteins. (B) Immunocytochemistry of LC3B was performed after treatment with luminacin (10
µg/mL) for 24 hours. Results from confocal microscopy showed that luminacin-treated cells expressed LC3B, indicating that
cells underwent autophagic cell death process. (C) Representative western blot analysis of Akt and mitogen-activated protein
kinase signaling indicated involvement of luminacin-induced cell death in these signaling pathways.
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Fig. 6. Autophagic flux assay using a lysosomal inhibitor, NH4Cl. Representative immunocytochemistry (A) and western
blot analysis (B) with antibodies against LC3B I/II after treatment with luminacin with/without NH4Cl.

thetic compounds [4]. From 1981 to 2010, over 50% of new
chemical entities were developed from natural substances,
either natural products themselves or natural products that
were modified in one way or another [3]. In the anti-cancer
drug category, only 20.2% of anti-cancer drugs were developed using completely synthetic methods.
As sources of novel bioactive substances, several marine
microbes have come into the spotlight in the field of drug
development. One promising group of microbes belongs to

the genus Streptomyces, members of the Actinomycetes,
which are known to produce several antibiotics and bioactive
compounds [11,12]. Some Streptomyces have biosynthetic
gene groups that produce over 30 secondary metabolites.
Thus, only a single Streptomyces strain can be a source of
more than 30 bioactive substances [13]. luminacin, one of the
metabolites produced by Streptomyces, was originally found
in the course of screening for brand-new angiogenesis
inhibitors. Luminacins are composed of 14 components with
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similar structures, A1, A2, B1, B2, C1, C2, D, E1, E2, E3, F, G1,
G2, and H [12]. Because luminacin C2 was available in the
largest quantity and had the strongest bioactive potency,
investigators mainly focused on this component. Several subsequent studies have demonstrated the biological efficacy of
luminacin, however little has been revealed to date, particularly regarding the anti-cancer capability of this component.
Atatreh et al. [14] reported that luminacin suppresses nontyrosine kinase interactions that play a role in growth factor
signal transduction and cell adhesion in human colorectal
carcinoma cells. We hypothesized that luminacin might be a
promising alternative anti-cancer molecule for HNSCC. The
aim of the current study was to determine the safety and
effectiveness of luminacin on proliferation, migration, and
invasion of HNSCC cell lines in vitro and in vivo in a zebrafish
model.
In this study, luminacin showed a cytotoxic effect on the
survival of HNSCC cell lines. In terms of drug toxicity, luminacin showed toxicity on survival and neural development
of zebrafish embryos in a toxic concentration to HNSCC cell
lines, but was not more toxic compared to a conventional
platinum-based chemotherapeutic, cisplatin. Luminacininduced cell death was detected by cell viability assay in a
number of HNSCC cell lines. Luminacin successfully inhibited HGF-induced proliferation, migration, and invasion of
HNSCC cell lines. HGF-induced activation of Met and downstream Erk were also blocked by luminacin treatment. Regarding the type of cell death, luminacin increased Beclin-1 and
LC3B expression, indicating involvement of autophagic cell
death. The JNK, p38 MAPK, and Akt pathways were involved in the cell death mechanism induced by luminacin treatment. These findings suggest that anti-tumor effects of
luminacin on HNSCC cell lines might be achieved via autophagic cell death.
Autophagy is an important type of cell death, a cellular
degradation process in response to stressed conditions. However, the role of autophagic cell death in cancer development,
progression, or treatment is still unclear and controversial.
Autophagy might operate as a protective mechanism that
inhibits uncontrolled cell proliferation [15]. Supporting this
hypothesis, some cancers respond to agents that trigger
autophagy, indicating the possibility of anti-cancer therapy
that targets autophagic cell death induction. Several anti-cancer drugs, including 5-fluorouracil, rapamycin, and tamoxifen are known to induce autophagic cell death [16]. Another
point of view in cancer biology is that autophagy is a prosurvival mechanism. Growing evidence indicates that autophagy enables cancer cell survival under stressed conditions
induced by hypoxia, starvation, or cancer treatment [17].
Inhibition of autophagy facilitates the anti-cancer efficacy of
chemotherapeutic agents including oxaliplatin or doxorubicin [18,19]. In this study, luminacin consistently showed
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cytotoxic effects on different HNSCC cell lines, and in most
cases, cell death was not caused by apoptosis or necrosis.
Given the increased expression of key autophagy proteins
such as Beclin-1 or LC3B, autophagy may play an important
role in the cytotoxicity of luminacin.
As demonstrated in several studies, some agents exert
cytotoxicity not only through autophagy, but also through
apoptosis, depending on the cell type and experimental conditions. Many studies have reported an inter-relationship of
apoptosis and autophagy, because activation of these two
death modalities involves the same molecular pathway and
occurs simultaneously [20]. In this study, apoptosis by luminacin treatment was responsible for 15% of SCC15 and 40%
of MSCQLL1 cell death. Our results demonstrated an anticancer potential for luminacin by showing that autophagy
works with the help of apoptosis to induce cell death. Further
investigations should be conducted to determine which conditions can induce autophagy or apoptosis for cancer therapy
with luminacin.
Several molecular pathways are involved in the induction
of autophagy. Deregulation of Akt serine/threonine kinase
is a well-known cause of anti-apoptosis and uncontrolled cell
proliferation. Hennessy et al. [21] reported that autophagy is
induced by regulation of the phosphatidylinositol 3-kinase/
Akt/mammalian target of rapamycin pathway. Baicalin, a
possible anti-cancer agent derived from a natural substance,
is reported to trigger autophagy in human bladder cancer
cells via modulation of the Akt pathway [22]. In addition,
MAPK, including JNK and p38 MAPK, has also been reported to regulate autophagy [23]. In recent studies, activation
of JNK was shown to be closely involved in the induction of
autophagy [24]. p38 MAPK, which regulates cell differentiation, migration, and invasion, is also strongly associated with
autophagy [25]. In this investigation, increased expression of
p-JNK, p-p38, and decreased expression of p-Akt phosphorylation by treatment with luminacin demonstrated the possible involvement of Akt and the JNK, p38 MAPK pathways
in the induction of autophagy and cell death.

Conclusion
Inhibition of growth and progression via autophagic cell
death were successfully induced in HNSCC cells by treatment with luminacin, a metabolite of the marine Streptomyces. The in vitro HaCaT cells and in vivo zebrafish model
confirmed acceptable toxicity of luminacin, even at a cytotoxic concentration to HNSCC. Our results demonstrate that
Luminacin is a plausible chemotherapeutic agent for HNSCC,
even though further characterization is necessary.

Yoo Seob Shin, Anti-cancer Effect of Luminacin
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Adopting Advance Directives Reinforces Patient Participation in
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Purpose
In Korea, most terminal cancer patients have still not been included in end-of-life (EOL) discussions. The purpose of this study was to evaluate the proportion of patients participating
in EOL discussions after adopting advance directives.
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Materials and Methods
Medical records of 106 hospice patients between July 2012 and February 2013 were
reviewed retrospectively. The proportion of patient participation in EOL discussions, barriers,
and favorable factors for completion of advance directives, as well as outcomes of advance
directives were evaluated.
Results
Patient participation in EOL discussion had increased from 16/53 (30%) to 27/53 (51%)
since adopting advance directives (p < 0.001). Median time between completion of an
advance directive and death increased from 8 days (range, 0 to 22 days) to 14.5 days
(range, 0 to 47 days). Patients’ poor condition after late referral was the main barrier to
missing EOL discussions; however, family members’ concerns about patient’s distress was
also a main reason for excluding the patient from EOL discussions. In univariate analysis,
patient age, education status, and time from diagnosis to completion of an advance directive
influenced advance directive completion favorably. Following multivariate analysis, higher
education and periods of more than 2 years from diagnosis to completion of an advance
directive remained favorable (odds ratio [OR], 9.586, p=0.024 and OR, 70.312; p=0.002).
Preferences of all patients regarding cardiopulmonary resuscitation or hemodialysis were
carried out by physicians. Orders for nutrition and palliative sedation showed discordance,
with concordance rates of 74.2% and 51.6%, respectively.
Conclusion
Our results suggested that the use of advance directive promote patient participation in
EOL discussion.

Introduction
Unlike patients dying of acute disease, terminal cancer
patients experience end-of-life (EOL) issues as part of their

│ http://www.e-crt.org │

Key words
Advance directives, Personal autonomy, Decision making

disease trajectory. EOL discussions are critical to management of EOL for such patients. International guidelines recommend implementation of EOL discussions from the early
phase of advanced incurable cancer [1]; however, conduct of
EOL discussions during care transition was difficult [2].
Copyright ⓒ 2016 by the Korean Cancer Association
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Reasons for missing EOL discussions include insufficient
time, no guiding materials for medical staff regarding EOL
issues, limited knowledge, no medical staff awareness of
EOL issues, legal ineffectiveness of advance decision making,
and cultural barriers [2-4]. Lack of awareness of the patient’s
right to EOL care is a major barrier in South Korea and
results in continued implementation of ineffective aggressive
cancer treatment prior to the EOL period [5-7]. Documentation of advance directives, which express patients’ preferences for EOL care, facilitates patient autonomy in EOL
discussions and decision making [3].
Between 2003 and 2012, do-not-resuscitate (DNR) forms
were used in EOL discussions upon admission to St. Vincent’s Hospital Hospice Center. Previous South Korean studies reported that 57% to 86.7% of deceased patients from
oncology clinics and hospice and palliative care units signed
a DNR form; however, 94%-100% of patients were not
involved in DNR discussions [8-12]. Since October 1, 2012,
advance directive forms have replaced the DNR permission
forms in our hospice center to encourage EOL discussions
among patients, family members, and physicians.
This study evaluated the proportion of patients participating in EOL discussions with healthcare professionals subsequent to adopting the advance directive.

Materials and Methods
A palliative care specialist (physician or nurse) discussed
EOL issues with patients and/or proxies upon admission.
EOL discussion was defined as discussion of the use of lifesustaining treatments and hospice care at terminal status.
EOL discussion could be conducted using the DNR form or
the advance directives.
The old DNR form simply explained the futility of life sustaining treatment; however, the new advance directive form
includes (1) time of EOL discussion; (2) life-sustaining treatment orders, including cardiac massage, inotropes, defibrillation, mechanical ventilation, artificial nutrition or hydration, and hemodialysis; (3) living wills; and (4) healthcare
proxy designations. In contrast to classic advance directives,
ours requests the patient’s permission for later administration of palliative sedation. At the end of the advance directive
form, a space is provided for patients to express their feelings
or wishes to family members or healthcare professionals.
Patients can elect two healthcare proxies, who should be
older than 20 years and considered capable of reflecting the
patient’s usual values and beliefs. Decisions documented in
advance directives take effect when the patient becomes
unable to make EOL care decisions. However, patients can
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discard the advance directives at any time.
The medical records of patients admitted to St. Vincent’s
Hospital Hospice Center between July 6, 2012 and February
28, 2013 were reviewed. Reasons for excluding patients from
EOL discussions, time from completion of an advance directive to death, time from advanced cancer diagnosis to completion of an advance directive, and translation of patients’
EOL care preferences were acquired. EOL discussion was
identified if patients’ medical records included documentation of an EOL discussion. Patient participation in EOL discussions was defined as a DNR order signed by the patient,
a description of the patient’s participation in EOL discussions
in the medical record, or advance directives.

Results
A total of 106 patients were admitted to St. Vincent’s Hospital Hospice Center between July 6, 2012 and February 28,
2013. Fifty three DNR orders were signed between July 6 and
September 31, 2012 (DNR era) and 53 DNR orders or
advance directives signed between October 1, 2012 and
February 28, 2013 (advance directive era) (Fig. 1).
At the time of analysis, 26 patients with advance directives
and all 53 patients with DNR orders were deceased. The
median duration of hospital stay was 16 days (range, 0 to
300 days). The median time between completion of an
advance directive and death was longer than for the time
between DNR and death (14.5 days; range, 0 to 47 days and
8 days; range, 0 to 22 days). The patients’ characteristics are
shown in Table 1.
1. Changes in EOL discussions with patients and barriers
to EOL discussions
Patient participation in EOL discussions increased from
16/53 (30%) to 27/53 (51%) after adoption of an advance
directive for EOL discussions in October 1, 2012 (p < 0.001)
(Fig. 1). According to Anselm et al. [13], barriers to EOL discussions can be divided into provider, patient, family member(s), and systemic barriers. Patients’ poor condition after
late referral was the main barrier to missing EOL discussions
in 17/18 patients; however, family members’ concerns about
patient’s distress was also a reason for excluding the patient
from EOL discussions (Table 2).
2. Factors related to EOL care discussion using advance
directives
In the univariate analysis, patients’ age and education sta-
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HC admission (n=53)

DNR era

HC admission (n=53)

DNRs

ADs era

ADs
Not recommended
Late referral: poor physical
condition (n=17)
Physician's discomfort with
emotion involved (n=1)

Recommended (n=53)

Recommended (n=35)
Completion of DNR without patients
Poor physical condition (n=22)
Family members' refusal (n=6)
Deafness (n=1)
Mental retardation (n=1)
Unknown (n=7)

Completion of DNR
with patients (n=16)

Family members' refusal (n=4)
EOL discussions
including ADs (n=31)
Completion of advance directives
without patients (n=4)
Completion of ADs
with patients (n=27)

Fig. 1. Study flow. AD, advance directive; DNR, do-not-resuscitate; HC, hospice center; EOL, end-of-life.

Table 1. Patients’ characteristics
Characteristic
Sex
Male
Age, median (range, yr)
Primary cancer site
Lung
Gastrointestinal
Hepatopancreatobiliary
Breast
Other
Education
# Secondary school
Middle school
High school
College graduate
Graduate degree
Unavailable
Religion
Catholic
Protestant
Buddhism
Other

Total (n=106)

AD era (n=53)

DNR era (n=53)

p-value

58 (54.7)
61 (16-85)

33 (62.3)
61 (16-85)

25:28
61 (39-85)

0.172
0.444

30 (28)
30 (28)
22 (21)
6 (6)
18 (16)

23 (43)
9 (17)
8 (15)
4 (8)
9 (17)

7 (13)
21 (40)
14 (26)
2 (4)
9 (17)

0.089

20 (19)
18 (17)
35 (33)
14 (13)
2 (2)
17 (16)

7 (13)
11 (21)
19 (36)
9 (17)
1 (2)
6 (11)

13 (25)
7 (13)
16 (30)
5 (9)
1 (2)
11 (21)

0.550

24 (23)
24 (23)
10 (10)
48 (45)

7 (13)
11 (21)
3 (6)
32 (60)

17 (32)
13 (25)
7 (13)
16 (30)

0.890

Values are presented as number (%). AD, advance directive; DNR, do not resuscitate.
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Table 2. Barriers to patient participation in EOL discussion in the advance directives era (n=22)
Patient and family member
barrier
EOL discussion was not
recommended (n=18, 34%)

-

Provider barrier
Discomfort with
emotion involved (n=1)

-

-

Late referral: poor physical
condition when patients were
transferred (n=17)

Family’s concern about
patient’s distress (n=1)

-

-

Refusal without any reason (n=1)

-

Late referral: poor physical
condition when patients were
transferred (n=2)

EOL discussion was
recommended and patients
were excluded (n=4, 8%)

Systemic barrier

-

-

EOL, end-of-life.

Table 3. Factors affecting advance directive completion (n=53)
Factor
Age (> 60 yr vs. < 60 yr)
Sex (female vs. male)
Education (" high school graduate vs.
# middle school graduate)
Time from diagnosis to completion of
advance directive (> 2 yr vs. < 2 yr)

Crude odds ratio (95% CI)

p-value

Adjusted odds ratio (95% CI)

p-value

4.894 (1.488-16.097)
2.479 (0.766-8.028)
3.630 (1.155-11.406)

0.009*
0.130
0.027*

2.919 (0.617-13.815)
2.806 (0.462-17.031)
9.586 (1.355-67.788)

0.177
0.262
0.024*

22.000 (2.620-184.752)

0.004*

70.312 (4.745-1041.883)

0.002*

*Statistically significant.

tus and the time between diagnosis and completion of an
advance directive influenced advance directive completion
favorably during EOL discussions. Following multivariate
analysis, higher education and a period of more than 2 years
between diagnosis and advance directive completion
remained favorable factors (odds ratio [OR], 9,586; p=0.024
and OR, 70.312; p=0.002) (Table 3).
3. Outcome of advance directives
All patients who had agreed to completion of an advance
directive chose their spouses or immediate family members
as healthcare proxies. Patients’ preferences and medical
orders are detailed in Table 4. Physicians carried out preferences of all patients’ regarding cardiopulmonary resuscitation or hemodialysis. Orders for nutrition and palliative
sedation showed concordance rates of 74.2% and 51.6%,
respectively.
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Discussion
In this study, adoption of advance directives in EOL discussions increased patient participation. Previous South
Korean studies reported that most patients did not participate in EOL discussions when DNR orders were used; however, with use of advance directive, 3.3%-4.8% of patients
had written advance directives themselves [8-12]. In a study
conducted in the United States, 33% of patients participated
in EOL discussions using DNR [14]; with advance directives,
the rate of patient participation in EOL discussions was
50%-62% [15,16]. The objective of advance directives for
patients is to state their personal preferences in advance,
even if legally incompetent [17]. Increased patient participation in EOL discussions could reflect increased patient
autonomy in EOL care. Therefore, our study showed that
adopting advance directives can increase patient participation in EOL discussions, which could enhance their autonomy. Further study is required to evaluate the relationship

Ji Hyung Hong, Advance Directives and Patient’s Participation

Table 4. Outcomes of advance directives
Factor
Cardiopulmonary resuscitation
Tube feeding/Total parenteral nutrition
Renal replacement therapy
Palliative sedation

Documented preference
for EOL

No.

Treatment Received
during EOL

No.

Concordance rate

Yes
No
Yes
No
Yes
No
Yes
No

0
31
9
22
0
31
22
9

Received
Not received
Received
Not received
Received
Not received
Received
Not received

0
31
1
30
0
31
7
24

31/31 (100)
23/31 (74.2)
31/31 (100)
16/31 (51.6)

Values are presented as number (%). EOL, end-of-life.

between participation in EOL discussion and patients’
autonomy.
The most common reason that patients did not participate
in EOL discussions was poor physical condition, and family
members’ concern about patients’ distress when discussing
their poor prognoses and death was another main reason.
Poor physical condition after late referral could be classified
as a systemic barrier; however, because negative attitudes
toward advance directives and poor communication skills in
healthcare providers were not recorded in the medical
records, the results may be derived from a combination of
provider and systemic barriers.
In our study, cardiopulmonary resuscitation and renal
replacement were carried out consistent with documented
advance directive preferences in all cases. However, some
patients’ preferences regarding nutrition and palliative
sedation were not carried out by a physician as a part of
EOL care. According to the medical record and discussion
with physicians, patients' previous preference in advance
directives regarding nutrional support and palliative sedation turned out to be inapproriate for them at the time of
event, thus, the advance directives they had previously
selected as preferred were not followed. In a previous study
conducted in the United States, medical treatment was consistent with advance directives for 75% of patients (72/96);
in 6.3% of cases, care was more aggressive than requested
and in 18.8% of cases, it was less aggressive than requested
[15]. In another study involving Korean patients with endstage renal disease, some patients who had stated that they
did not wish to be resuscitated had died during resuscitation
[18]. Even though Physician Orders for Life-Sustaining Treatment were distributed in the United States, there have been
difficulties interpreting and fulfilling patients’ requests
[19,20].
Palliative sedation in case of refractory symptoms was
included in our advance directive form. Most advance directive forms do not include palliative sedation [15,21,22]. How-

ever, in a Swiss study using advance directives in which
patients were asked to write down their preferences rather
than complete a pre-established checklist, more than 50% of
patients expressed their preferences for palliative sedation in
case of refractory symptoms [23]. Of the 76 patients who
completed advance directives in our hospice center between
October 2012 and September 2013, 89.5% (68/76) expressed
their preferences for palliative sedation in advance directives
[24]. Actually, when the patients showed deterioration, a discussion regarding palliative sedation was not generally possible. Therefore, we suggested that the palliative sedation
content be included in the list of advance directives.
This research had some limitations. The study was a retrospective review of medical records; therefore, we may not
have captured all EOL discussions between physicians and
patients. We might have missed patients who were involved
in EOL discussions but did not sign the form themselves. In
a small number of patients, identification of reliable factors
associated with patients’ completion of an advance directive
was difficult. We assumed that signing advance directives
indicated participation in EOL discussion and honored
patients’ autonomy; however, a prospective observational
study is required to clarify this relationship. Further study
to evaluate the content of and barriers to EOL discussions is
also required.

Conclusion
In the current study, use of advance directives in EOL discussion increased the rate of participation of advanced cancer
patients in EOL discussions. Prospective trials involving
large numbers of patients are required to confirm these
results.
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Terminal Versus Advanced Cancer: Do the General Population and
Health Care Professionals Share a Common Language?

Purpose
Many end-of-life care studies are based on the assumption that there is a shared definition
of language concerning the stage of cancer. However, studies suggest that patients and
their families often misperceive patients’ cancer stages and prognoses. Discrimination
between advanced cancer and terminal cancer is important because the treatment goals
are different. In this study, we evaluated the understanding of the definition of advanced
versus terminal cancer of the general population and determined associated socio-demographic factors.
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Materials and Methods
A total of 2,000 persons from the general population were systematically recruited. We used
a clinical vignette of a hypothetical advanced breast cancer patient, but whose cancer was
not considered terminal. After presenting the brief history of the case, we asked respondents
to choose the correct cancer stage from a choice of early, advanced, terminal stage, and
don’t know. Multinomial logistic regression analysis was performed to determine sociodemographic factors associated with the correct response, as defined in terms of medical
context.
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Results
Only 411 respondents (20.6%) chose “advanced,” while most respondents (74.5%) chose
“terminal stage” as the stage of the hypothetical patient, and a small proportion of respondents chose “early stage” (0.7%) or “don’t know” (4.4%). Multinomial logistic regression
analysis found no consistent or strong predictor.
Conclusion
A large proportion of the general population could not differentiate advanced cancer from
terminal cancer. Continuous effort is required in order to establish common and shared
definitions of the different cancer stages and to increase understanding of cancer staging
for the general population.
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Advanced cancer, Terminal cancer, Neoplasms,
General population, Shared decision, Language
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Introduction
A shared understanding of a patient’s status between
physicians, the patient, and caregivers is important in shared
decision-making. Not only can it reduce the discrepancy in
expectations regarding treatment objectives, it can also
enable more appropriate decision-making for patients [1].
Precise awareness of disease status, i.e., shared understanding of cancer stages between cancer patients and their caregivers, is essential for shared decision-making.
Discrimination between advanced and terminal cancer is
important because the treatment goals are different. In cases
of advanced cancer, which is not curable but responds to
treatment, disease-directed therapy is still very important
because it prolongs life. However, for terminal cancer, therapy cannot prolong survival significantly due to the progressive nature of the disease [2-5]. Therefore, palliative care that
provides psychosocial support and controls symptoms is the
main treatment option for patients with terminal cancer [6,7].
Accurate prognostic understanding may affect decisionmaking towards more appropriate care [8]. However, studies
suggest that patients and their families often misperceive the
patient’s cancer stage and prognosis [9-11], leading to unrealistic expectations regarding the treatment effect and inappropriate treatment decisions [9,12-14].
In addition, many end-of-life care studies are based on the
assumption that there is a shared definition of language
regarding the cancer stage among patients, caregivers, the
general population, and physicians [15]. For example, Yun
et al. [16,17] assessed patients’ awareness of terminal illness
soon after they were considered terminal by their doctor with
the following question: “Do you know your disease stage?”
Response options included, “I don’t know,” “early stage,”
“advanced stage,” “terminal stage,” and “other.” The
authors regarded “terminal stage” as the correct awareness
of the terminal nature of the illness [16,17]. Without a shared
understanding regarding the definition of terminal stage cancer of physicians and respondents, the validity of such
research could be compromised.
Therefore, the lack of a common understanding of words
used in cancer care is a critical problem in communication
within the clinical practice and the research environment
[18]. However, few studies evaluating public awareness
regarding the definition of cancer stages have been reported.
In a study conducted in Korea, Lee et al. [19] surveyed participants regarding the correct definition of terminal cancer.
Five choices were given and “6-month life expectancy” and
“treatment refractoriness” were regarded as the correct
answers. In that study, 29.4% of the participants from the
general population misunderstood locally advanced cancer
and metastatic/recurrent disease as terminal stage disease.
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However, this study was limited in that the response options
were not mutually exclusive, and the authors asked for a conceptual definition rather than using an actual situation [19].
In this study, a survey was conducted to evaluate the
understanding of the definition of advanced versus terminal
cancer in the general population and determined associated
socio-demographic factors.

Materials and Methods
1. Study design and subjects
In 2012, the survey examined members of the general population to explore their views on cancer and cancer care. A
nationwide home visiting survey was conducted from
November 1, 2012 to December 1, 2012. After stratification
by the region, samples were systematically extracted according to the population ratio. Inclusion criteria were as follows:
(1) a member of the general population aged 40 years or
older and younger than 70 years and (2) a member of the
general population who was never diagnosed with any type
of cancer. The sampling error within a 95% confidence interval was ±2.2%. This study was approved by the Institutional
Review Board of the National Cancer Center.
2. Clinical vignette
To assess the understanding of the definition of advanced
versus terminal cancer in the general population, we developed a clinical vignette of an advanced breast cancer patient
with lung metastases, who is however not considered to have
a terminal stage cancer, as defined in terms of medical context. The detailed patient history of the vignette is as follows:
“A hypothetical patient (Mrs. Kim) was diagnosed with
breast cancer 4 years ago and received chemotherapy due to
lung metastases detected 1 year ago. While chemotherapy
was effective during the first round of treatment, the tumor
subsequently continued to grow. Her doctor said that complete remission was impossible, but prolonged survival
could be achieved by tumor size reduction using chemotherapy combined with another regimen.”
After presenting the hypothetical case of Mrs. Kim to participants, we asked about her present cancer stage. Respondents could choose one of the following stages: (1) early,
(2) advanced, (3) terminal stage, and (4) don’t know.
We also asked respondents to provide their socio-demographic information.

Sang Hyuck Kim, Terminal vs. Advanced Cancer

Don't know, 4.4%

Table 1. Baseline characteristics of the respondents
Respondent characteristic

Early, 0.7%

No. of patients(%)
(n=2,000)

Age, mean±SD (yr)
Sex
Male
Female
Marital status
Married
Unmarried
Educational status
Less than high school (< 9 yr)
High school (9-12 yr)
College and above (> 12 yr)
Income status
< 2 million KRW
" 2 million KRW
Smoking
Current smoker
Past smoker
Never smoked
Alcohol drinking
Current drinker
Past drinker
Never drunk
Cancer patients in relatives or acquaintances
Present
Absent
Looked after relatives or acquaintances
Yes
No
Comorbidities
Present
Absent

51.7±7.6

Advanced, 20.6%

991 (49.6)
1,009 (50.5)
1,888 (94.4)
112 (5.6)

Terminal, 74.5%

323 (16.2)
1,041 (52.1)
636 (31.8)
328 (16.4)
1,672 (83.6)
597 (29.9)
329 (16.5)
1,074 (53.7)
1,440 (72.0)
216 (10.8)
344 (17.2)
839 (42.0)
1,161 (58.1)
458 (22.9)
1,542 (77.1)
480 (24.0)
1,520 (76.0)

SD, standard deviation; KRW, Korean Won.

Fig. 1. Distribution of public responses to the hypothetical
advanced cancer case (n=2,000).

Results
1. Characteristics of respondents
A total of 2,000 persons (response rate, 41.2%) responded
to the survey questions. The socio-demographic characteristics of the respondents are summarized in Table 1.
The mean age was 51.7 years and 991 respondents (49.6%)
were men. Most of the participants (94.4%) were married. In
terms of education, 1,677 respondents (70.2%) graduated
high school or above and 1,672 respondents (83.6%) earned
more than 2 million Korean Won per month. Eight hundred
thirty-nine participants (42.0%) had relatives or acquaintances diagnosed with cancer.
2. Response distribution

3. Statistical analysis
Multinomial logistic regression was performed to determine related factors for respondents’ answers. For selection
of covariates for adjustment in the multinomial logistic
regression model, univariate analysis was performed for
each of the socio-demographic characteristics and answered
stages. Characteristics with p-values less than 0.1 were
included in the multinomial logistic regression model. All
statistical analyses were performed using the STATA software ver. 13.0 (StataCorp., College Station, TX); p-values less
than 0.05 were considered statistically significant.

As shown in Fig. 1, only 411 respondents (20.6%) chose
“advanced stage.” Surprisingly, most respondents chose
“terminal stage” as the stage of the hypothetical case
(n=1,489, 74.5%). A small proportion of respondents chose
“early stage” (n=13, 0.7%) or “don’t know” (n=87, 4.4%).
3. Factors associated with the respondents’ choices
In univariate analysis, marital status (p=0.019), educational
status (p < 0.001), and income (p=0.021) significantly affected
the answer concerning the cancer stage of the hypothetical
case. Therefore, marital status, educational status, and
income status were included as covariates in multivariate
analysis. As the p-values of sex and 'Cancer patients in relaVOLUME 48 NUMBER 2 APRIL 2016
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Table 2. Answered stage according to respondent characteristics
Characteristic
Age (yr)
Elderly (" 65)
Young (< 65)
Sex
Male
Female
Marital status
Married
Unmarried
Educational status
Less than high school (< 9 yr)
High school (9-12 yr)
College and above (> 12 yr)
Income status
< 2 million KRW
" 2 million KRW
Smoking
Current smoker
Past smoker
Never smoked
Alcohol drinking
Current drinker
Past drinker
Never drunk
Cancer patients in
relatives or acquaintances
Present
Absent
Looked after relatives or
acquaintances as a care giver
Yes
No
Comorbidities
Present
Absent
Total

Answered stage
Don’t know

Total

p-valuea)

Early

Advanced

Terminal

1 (0.9)
12 (0.6)

22 (19.0)
389 (20.6)

83 (71.6)
1,406 (74.6)

10 (8.6)
77 (4.1)

116
1,884

0.127

2 (0.2)
11 (1.1)

207 (20.9)
204 (20.2)

743 (75.0)
746 (73.9)

39 (3.9)
48 (4.8)

991
1,009

0.067

13 (0.7)
0 (0)

387 (20.5)
24 (21.4)

1,413 (74.8)
76 (67.9)

75 (4.0)
12 (10.7)

1,888
112

0.019

1 (0.3)
6 (0.6)
6 (0.9)

56 (17.3)
214 (20.6)
141 (22.2)

236 (73.1)
779 (74.8)
474 (74.5)

30 (9.3)
42 (4.0)
15 (2.4)

323
1,041
636

< 0.001

1 (0.9)
12 (0.7)

64 (19.5)
347 (20.8)

238 (72.6)
1,251 (74.8)

25 (7.6)
62 (3.7)

328
1,672

0.021

0 (0)
4 (1.2)
9 (0.8)

124 (20.8)
65 (19.8)
222 (20.7)

447 (74.9)
246 (74.8)
796 (74.1)

26 (4.4)
14 (4.3)
47 (4.4)

597
329
1,074

0.267

6 (0.4)
4 (1.9)
3 (0.9)

298 (20.7)
45 (20.8)
68 (19.8)

1,080 (75.0)
154 (71.3)
255 (74.1)

56 (3.9)
13 (6.0)
18 (5.2)

1,440
216
344

0.142

5 (0.6)
8 (0.7)

151 (18.0)
260 (22.4)

641 (76.4)
848 (73.0)

42 (5.0)
45 (3.9)

839
1,161

0.075

3 (0.7)
10 (0.6)

92 (20.1)
319 (20.7)

337 (73.6)
1,152 (74.7)

26 (5.7)
61 (4.0)

458
1,542

0.449

3 (0.6)
10 (0.7)
13 (0.7)

93 (19.4)
318 (20.9)
411 (20.6)

354 (73.8)
1,135 (74.7)
1,489 (74.5)

30 (6.3)
57 (3.8)
87 (4.4)

480
1,520
2,000

0.135

Values are presented as number (%). KRW, Korean Won. a)Fisher exact test.

tives or acquaintances' were less than 0.1 in univariate analysis, they were also included as covariates (Table 2). Multivariate multinomial logistic regression analyses were performed. Respondents who chose “advanced stage” were
included in the reference group. Male respondents were less
likely to answer “early stage” (odds ratio [OR], 0.15;
p=0.016). Respondents who did not have relatives or acquaintances with cancer chose “terminal stage” less frequently
than those who had relatives or acquaintances with cancer
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(OR, 0.77; p=0.022). Respondents with educational status of
high school (OR, 0.40; p=0.005) or above (OR, 0.22; p < 0.001)
answered “don’t know” significantly less frequently than
those with educational status below high school. However,
there were no consistent and strong predictors across the
choices (Table 3). The same analysis was also performed with
the respondents who chose “terminal stage” as the reference
group. The results were almost the same as those of the main
analysis. Male respondents were more likely to answer “ter-

Sang Hyuck Kim, Terminal vs. Advanced Cancer

Table 3. Multinomial logistic regression (using answered
“advanced” as a reference outcome)

Table 3. Continued

Variable

Variable

Odds ratio p-value

Answered ‘early’ (n=13)
Sex
Female (reference)
Male
Marital status
Unmarried (reference)
Married
Educational status
Less than high school (< 9 yr) (reference)
High school (9-12 yr)
College and above (> 12 yr)
Income status
< 2 million KRW (reference)
" 2 million KRW
Cancer patients in relatives or
acquaintances
Present (reference)
Absent
Answered ‘terminal’ (n=1,489)
Sex
Female (reference)
Male
Marital status
Unmarried (reference)
Married
Educational status
Less than high school (< 9 yr) (reference)
High school (9-12 yr)
College and above (> 12 yr)
Income status
< 2 million KRW (reference)
" 2 million KRW
Cancer patients in relatives or
acquaintances
Present (reference)
Absent
Answered ‘don’t know’ (n=87)
Sex
Female (reference)
Male
Marital status
Unmarried (reference)
Married
Educational status
Less than high school (< 9 yr) (reference)
High school (9-12 yr)
College and above (> 12 yr)
Income status
< 2 million KRW (reference)
" 2 million KRW

1.00
0.15

0.016

1.00
a)

a)

1.00
1.36
2.69

0.796
0.413

1.00
1.29

0.826

1.00
0.92

0.879

1.00
1.00

Cancer patients in relatives or
acquaintances
Present (reference)
Absent

Odds ratio p-value

1.00
0.64

0.066

KRW, Korean Won. a)Because no unmarried respondents
answered “early stage,” the odds ratio could not be calculated.

minal stage” than “early stage” (OR, 0.15; p=0.015). In addition, respondents who had relatives or acquaintances with
cancer chose “advanced stage” more frequently than those
who had no relatives or acquaintances with cancer (OR, 1.30;
p=0.022) (Table 4).

Discussion
0.966

1.00
1.19

0.480

1.00
0.85
0.77

0.375
0.195

1.00
1.05

0.765

1.00
0.77

0.022

1.00
0.97

0.912

1.00
0.51

0.091

1.00
0.40
0.22

0.005
< 0.001

1.00
0.97

0.931

To the best of our knowledge, this is the first study assessing the understanding of the definition of advanced versus
terminal cancer in the general population using a hypothetical vignette about a case of advanced cancer. We found that
a large proportion (74.5%) of the general population misunderstood the medical definition of terminal cancer, and could
not discriminate terminal cancer from advanced cancer with
metastasis.
The proportion of inadequate responses was as high as
80%, even higher than that reported in previous survey
results (one-third of participants answered incorrectly) on
the public perception of the definition of terminal cancer in
South Korea. Although there are several exceptions, many
patients with advanced stage cancers cannot expect to be
cured, and have a poor long-term prognosis. Despite the
availability of life-prolonging treatment, most patients will
eventually die because of their cancers. The results of our
survey suggest that most members of the general population
seem to not be familiar with the concept of ”treatment refractoriness” and “life expectancy less than 6 months,” and may
regard advanced stage cancer as terminal cancer [19]. Differences in the correct response rates across different studies
can be explained by differences in study design. In a previous study, in which five response options for the definition
of terminal cancer were provided to a conceptual question,
many respondents could have chosen the correct option by
chance or by avoiding extreme options (“a cancer still
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Table 4. Multinomial logistic regression (answered terminal as a reference outcome)

Table 4. Continued

Variable

Variable

Odds ratio p-value

Answered 'early' (n=13)
Sex
Female (reference)
Male
Marital status
Unmarried (reference)
Married
Educational status
Less than high school (< 9 yr) (reference)
High school (9-12 yr)
College and above (> 12 yr)
Income status
< 2 million KRW (reference)
" 2 million KRW
Cancer patients in relatives or
acquaintances
Present (reference)
Absent
Answered 'advanced' (n=411)
Sex
Female (reference)
Male
Marital status
Unmarried (reference)
Married
Educational status
Less than high school (< 9 yr) (reference)
High school (9-12 yr)
College and above (> 12 yr)
Income status
< 2 million KRW (reference)
" 2 million KRW
Cancer patients in relatives or
acquaintances
Present (reference)
Absent
Answered 'unknown' (n=87)
Sex
Female (reference)
Male
Marital status
Unmarried (reference)
Married
Educational status
Less than high school (< 9 yr) (reference)
High school (9-12 yr)
College and above (> 12 yr)
Income status
< 2 million KRW (reference)
" 2 million KRW
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1.00
0.15

0.015

1.00
a)

a)

1.00
1.60
3.50

0.688
0.297

1.00
1.22

0.861

1.00
1.19

0.759

1.00
1.00

0.966

1.00
0.84

0.480

1.00
1.18
1.30

0.375
0.195

1.00
0.95

0.765

1.00
1.30

0.022

1.00
0.97

0.889

1.00
0.43

0.016

1.00
0.48
0.29

0.010
0.001

1.00
0.92

0.786

Cancer patients in relatives or
acquaintances
Present (reference)
Absent

Odds ratio p-value

1.00
0.84

0.429

KRW, Korean Won. a)Because no unmarried respondents
answered early, the odds ratio could not be calculated.

resectable and curable” or “a cancer with a prognosis of
death within a few days or weeks”). Therefore, a continuous
effort is required in order to establish common and shared
definitions of cancer staging and to increase awareness
across the general population [18].
The results of this study have several important clinical
and research implications. First, members of the general population can become cancer patients themselves or caregivers
of cancer patients in the future. Misunderstanding about the
accurate cancer stage can lead to discrepancies in expectation
regarding the treatment effect between patients, caregivers,
and physicians [20]. Although doctors inform patients of
their exact cancer stages, patients and caregivers might not
understand the prognostic meaning of the cancer stage. Providing patients and their families with a full understanding
of the disease status is very difficult for physicians [21], and
physicians rarely check their patient’s understanding of the
diagnosis [22]. Therefore, for informed decision-making or
shared understanding, it is not sufficient to simply provided
information on the stage of the cancer as early, advanced, or
terminal. For patients, the perception of terminal cancer can
influence decision-making regarding the treatment plan [23].
This misunderstanding can lead to an undesirable scenario,
in which patients forgo treatment when diagnosed with
advanced cancer that could prolong survival. For patients
with terminal cancers, this misunderstanding may lead to
precious time being occupied with futile disease-directed
treatment options [24]. When shared understanding about
the stage of the cancer is lacking, the decision-making
process cannot guarantee an appropriate outcome. Therefore, for informed decision-making, it is essential for physicians to not only provide information on the exact cancer
stage, but to also explain the meaning of that stage and to
confirm the patient’s understanding [25].
Second, there was no consistent and strong predictor as to
which respondents would answer correctly, as defined in
terms of medical context. However, some factors were partially associated with the choices. Interestingly, the educational status of the participants was not significantly
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associated with choosing the correct answer. In addition, personal experience with relatives or acquaintances diagnosed
with cancer also did not improve the understanding of cancer staging, and even increased the frequency with which
respondents chose the response option of “terminal cancer.“
The experience of cancer in close relationships could affect
the perceived knowledge of the general population, resulting
in a more sensitive reaction than those who had no relatives
or acquaintances with cancer. Thus, they chose “terminal
stage” more frequently in this study. Although no significant
difference in sex was observed between the response groups
“advanced stage” and “terminal stage,” female tended to
choose “early stage” more frequently. As the hypothetical
case in our vignette was a breast cancer patient, females
might react with more emotion. However the result is limited
to those who chose “early stage” (n=13). In addition, marital
status and respondents’ income were not consistently associated with their choices. These results suggest that physicians should verify the understanding of cancer stages
during communication with cancer patients and their caregivers regardless of their socio-demographic characteristics
and personal experiences.
Finally, many studies based on survey data of the general
population regarding terminal disease relied on the correct
perception of “terminal cancer.” Some of the surveys did not
inform participants of the exact definition of terminal disease, which would be sufficient to ensure that patients have
the same understanding as the researchers [15]. However,
considering the high proportion of the general population
lacking accurate knowledge of the medical definition of terminal cancer, the reliability and validity of those surveys
might be compromised. For example, in surveys on topics
such as the recently issued legalization of euthanasia, accurate understanding of terminal disease is required for the
response to be valid. Therefore, our study suggests that more
care should be taken to ensure that respondents of such surveys have a shared understanding of the exact definition of
advanced or terminal disease.
The strengths of this study include systematic sampling
methods and the large sample size, ensuring the generalizability of these findings across the Korean population. Another advantage of this study is the use of a clinical vignette.
Clinical vignettes do not require in-depth knowledge of the
study topics. Therefore, the practical understanding of the
respondents can be better assessed using clinical vignettes
based on a hypothetical case than by using questions based
on conceptual knowledge.
There are some limitations in our study.
One notable limitation is that it included only members of
the general population. Many of the respondents had not
experienced advanced or terminal cancer, and these participants may have less knowledge about cancer than those

affected by cancer. However, the proportions of the correct
answer between the general population and patients or family caregivers were not significantly different in a previous
study [19]. In addition, personal experiences with cancer did
not significantly affect the response rate in our study, suggesting that a potential bias would not be significant. Moreover members of the general population can become patients
themselves and their close caregivers or friends may influence medical decisions. Therefore, understanding of cancer
staging of the general population is relevant from a clinical
and research perspective. Development of a communication
strategy for end-of-life discussions would also be important.
Second, the staging terms for cancer are defined based on
the viewpoint of medicine. Thus, most of the general population might not perceive the exact definitions of the terms
for cancer staging. However, as mentioned above, clinical
vignettes do not require in-depth knowledge of the study
topics. Therefore the results of our study might reflect the
understanding of the definition of cancer stages in the naive
general population. However, if we asked about the possibility of complete cure, necessity for aggressive chemotherapy for life prolongation, or expected survival time of the
hypothetical patient in the vignette, more of the general population might have answered correctly, as defined in terms
of medical context. Also, a well-designed study comparing
before and after adequate education using patient decision
aids regarding the definition of the cancer stages may be
needed for more sensitive evaluation of the knowledge in the
general population.

Conclusion
In conclusion, we found that a large proportion of the general population could not differentiate advanced cancer from
terminal cancer, as defined in terms of medical context. Continuous effort is required in order to establish common and
shared definitions of cancer stages and to increase the shared
understanding of cancer staging for patients, caregivers, and
the general population. In addition, a detailed explanation
concerning the stage of the cancer and its clinical meaning is
essential for shared understanding and informed decisionmaking between cancer patients and their families and
physicians. Researchers need to ensure that respondents to
surveys and studies have a shared understanding of the definition of advanced or terminal disease.
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A Korean Nationwide Survey for Breakthrough Cancer Pain in
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Purpose
We evaluated the prevalence and characteristics of breakthrough cancer pain (BTcP) in
Korean patients admitted with cancer pain.
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Materials and Methods
In-hospital patients with cancer pain completed a questionnaire concerning severity of background cancer pain (BCP), prevalence and treatment for BTcP, sleep disorders, and satisfaction with cancer pain treatment. Medical records showing medications for BCP and BTcP
were also evaluated.
Results
Total 609 patients with controlled BCP enrolled. Mean age of the patients was 59.5 years
old, and 59% were male. Of all patients, 177 (29%) complained of BTcP. No clinical characteristic predicted BTcP. Of the 177 patients with BTcP, 56% did not receive treatment for
BTcP. Patients with BTcP showed significant association with a sleep disorder and dissatisfaction with pain control, compared to those without BTcP (p < 0.0001 and p=0.0498,
respectively). Oxycodone-immediate release was the most commonly used short-acting analgesic, followed by intravenous morphine.
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Conclusion
The prevalence of BTcP was 29% in patients admitted with controlled BCP. Although the
patients had well-controlled BCP, BTcP showed association with a lower quality of life in
patients with cancer. More medical attention is needed for detection and management of
BTcP.

+
+
+
+
+
+
+
+
+
+
+
+
+
+

Introduction
Pain is a significant problem in cancer patients and is often
the most feared aspect of the disease; thus, effective analgesia
is an essential component of pain management. Cancer
patients require a comprehensive pain treatment plan that
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not only addresses the moderate to severe background cancer pain (BCP) but also provides adequate management of
breakthrough cancer pain (BTcP) that has a separate and
characteristically different presentation [1].
BTcP has different clinical and literature definitions [1].
BTcP was initially defined by Portenoy and Hagen in 1989
[2] as “a transitory flare of pain in the setting of chronic pain

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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managed with opioid therapy” [3]. According to more recent
and comprehensive definitions, “BTcP is a transient exacerbation of pain that occurs either spontaneously or in relation
to a specific predictable or unpredictable trigger, despite relatively stable and adequately controlled BCP” [4]. As there
is a lack of consistency in use of the term BTcP, most studies
did not report the diagnostic criteria used in screening
patients for BTcP or included patients with inadequately controlled BCP [3,5]. Indeed, BTcP is widely used to describe any
exacerbation of pain in patients with BCP or intermittent
episodes of pain in patients without BCP.
BTcP differs from BCP due to its high intensity (numerical
rating score [NRS], 7), the short time interval between onset
and peak intensity (median interval, 3 minutes to peak pain),
short duration (median, 30 to 60 minutes), potential recurrence over 24 hours (3-4 daily episodes), and non-responsiveness to treatments for BCP [3,6-9].
BTcP impacts patient’s quality of life (QoL). Because
patients with BTcP are often less satisfied with their analgesic
therapy, their functioning decreases due to pain, and they
may also experience social and psychosocial consequences,
such as increased anxiety and depression [8]. According to a
large European observation study and a Canadian study,
BTcP impacts daily living including normal work, mood,
sleep, and walking activities [10,11].
Despite the increasing awareness of the need for evaluation and management of BTcP, only a few studies have
investigated BTcP in Korea. We conducted this study to characterize the prevalence and treatments for BTcP in Korea,
identify factors associated with the prevalence of BTcP, and
to show the impact of BTcP on QoL.

pain intensity for the last 24 hours; (2) prevalence, frequency,
and treatments for BTcP; (3) time interval between onset and
treatment of breakthrough pain; (4) sleep disorder; and (5)
satisfaction with pain treatment for the last week. Sleep
disorder was defined as the frequency of unexpected awakening from sleep.
Patients’ medical charts were reviewed with respect to
pain management until the date the patient entered the
study. The following information was obtained from medical
records: patient characteristics (age, sex, diagnosis, stage,
current treatment, and type of facility), Eastern Cooperative
Oncology Group performance status (ECOG PS), and treatments for background pain and BTcP.
The patient’s demographic and pain characteristics were
summarized by a number of subjects (percentage). Association between the patient characteristics and presence of BTcP
was examined using the chi-square test. A multiple logistic
regression model was used to determine factors affecting
BTcP. Degrees of difference in patient’s QoL (in terms of
sleep disorder and satisfaction with pain control) between
patients with and without BTcP were examined using crude
odds ratios and 95% confidence intervals. All analyses were
performed using SAS ver. 9.4 statistical software (SAS Institute Inc., Cary, NC). A p-value of < 0.05 was considered significant.

Results
1. Patient demographic characteristics

Materials and Methods
This study was approved by the institutional review board
of each participating hospital. This multicenter nationwide
study was conducted from 11 September 2010, to 14 October
2010 in 78 hospitals using a patient questionnaire and retrospective review of medical records. The survey instrument
was developed by the palliative care committee of the
Korean Cancer Study group. Inclusion criteria were hospitalized patients whose BCP is controlled to a mild degree
(NRS 3 or less), were receiving analgesic treatments, with a
history of hospitalization for > 4 days. Patients aged " 20
years who signed a consent form were eligible for participation. Patients who could not voluntarily participate in the
survey due to clouded consciousness or who did not want
to participate were ineligible.
Patients completed a questionnaire including (1) average

Of the 1,841 patients with BCP, 496 (26.9%) complained of
high NRS pain, and 736 patients (40%) complained of moderate NRS pain. The remaining 609 patients (33.1%) who
complained of pain # 3 NRS were analyzed. Of the 609
patients, 29.1% complained of BTcP. Percentage of patients
# 65 years was 63% and that of males was 59%. Most patients
(86%) were admitted to the general ward, and most were
diagnosed with a solid cancer (87%). Of all patients, 67%
were receiving chemotherapy during the study. Approximately 80% of patients had stage IV cancer, and 84% were
ECOG PS < 3 (Table 1).
2. Predictors for BTcP
Patients with BTcP were more frequently admitted to the
hospice ward and were less frequently treated with chemotherapy compared to those without BTcP (p=0.0397 and
p=0.0642, respectively) (Table 1). However, the results of
multivariate analysis showed no significant predictors of
VOLUME 48 NUMBER 2 APRIL 2016
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Table 1. Demographic characteristics of the study subjects
Variable
Age (yr)
# 65
> 65
Sex
Male
Female
Ward
Hospice
Non-hospice
Diagnosis
Solid cancerc)
Hematologic malignancy
Chemotherapy
Yes
No
Stage
I/II/III
IV
ECOG PS
0, 1, 2
3, 4

Breakthrough paina)

Total (n=609)

p-valueb)

262 (61)
169 (39)

379 (63)
226 (37)

0.1375

104 (59)
72 (41)

253 (59)
179 (41)

357 (59)
251 (41)

0.9049

32 (19)
138 (81)

51 (12)
364 (88)

83 (14)
502 (86)

0.0397

151 (87)
21 (12)

365 (87)
55 (13)

516 (87)
76 (13)

0.7043

106 (61)
67 (39)

287 (69)
128 (31)

393 (67)
195 (33)

0.0642

17 (13)
115 (87)

57 (17)
274 (83)

74 (16)
389 (84)

0.2497

104 (76)
32 (24)

276 (81)
64 (19)

380 (80)
96 (20)

0.2477

Yes (n=177)

No (n=432)

117 (67)
57 (33)

ECOG PS, Eastern Cooperative Oncology Group performance status. a)Values are presented as numbers of subjects (%),
b)
p-values by chi-square test, c)Solid cancer included epithelial originating (lung, stomach, colorectal, breast, esophagus, etc.)
and mesenchymal originating cancer.

Table 2. Risk factors for predicting breakthrough cancer pain (BTcP)
Variablea)
Age (# 65 yr)
Female sex
Department (non-hospice)
Diagnosis (solid cancer)
Current treatment (no)
Stage (IV)
ECOG PS (3-4)

Coefficient

S.E.

aOR

95% CI (aOR)

p-valueb)

0.3429
0.0313
0.0253
0.5427
0.2967
0.2259
0.3761

0.2418
0.2337
0.3602
0.5745
0.2601
0.3346
0.2977

1.409
1.032
1.026
1.721
1.345
1.253
1.457

0.88-2.26
0.65-1.63
0.51-2.08
0.56-5.31
0.81-2.24
0.65-2.42
0.81-2.61

0.1561
0.8936
0.9439
0.3448
0.2541
0.4997
0.2065

S.E., standard error; aOR, adjusted odds ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status. a)Reference: age (> 65 years), sex (male), department (hospice), diagnosis (hematological malignancy), current treatment (yes), stage (I/II/III), ECOG PS (0, 1, and 2), b)p-values by multiple logistic regression analysis.

BTcP frequency (Table 2).
The frequency of BTcP per day was 73 patients complained
once, 62 complained twice, 25 patients complained three
times, 11 patients complained four times, and six patients
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complained more than five times. The mean and median
frequencies of BTcP were 1.95 and 2, respectively.
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Table 3. Associations between breakthrough cancer pain (BTcP) and quality of life
Breakthrough paina)

Variable

Total (n=609)

p-valueb)

393 (91)
37 (9)

518 (85)
89 (15)

< 0.0001

1.0 (
4.42 (2.77-7.05)

34 (8)
397 (92)

57 (9)
551 (91)

0.0498

1.74 (1.00-3.06)
1.0 (

Yes (n=177)

No (n=432)

125 (71)
52 (29)
23 (13)
154 (87)

Sleep disorder
1 or under
2 or more
Pain control
Dissatisfaction
Satisfaction

cOR (95% CI)

cOR, crude odds ratio; CI, confidence interval. a)Values are presented as numbers of subjects (%), b)p-values by chi-square
test.

Table 4. Associations between long-acting and short-acting analgesics
Long-acting
analgesics

Short-acting
analgesics

Morphine

Morphine
No morphine
Fentanyl patch
Actiq
No actiq
Hydro-morphone Hydromorphone IR
No hydromorphone IR
Oxycodone
Oxycodone IR
No oxycodone IR
Tramadol
Tramadol
No tramadol

Breakthrough paina)
Yes (n=177)
3 (38)
5 (63)
0(
80 (100)
2 (15)
11 (85)
18 (31)
41 (69)
0(
6 (100)

No (n=432)
2 (9)
20 (91)
3 (2)
157 (98)
1 (4)
26 (96)
20 (13)
130 (87)
1 (4)
23 (96)

Total (n=609)

p-valueb)

5 (17)
25 (83)
3 (1)
237 (99)
3 (8)
37 (92)
38 (18)
171 (82)
1 (3)
29 (97)

0.1020
0.5528
0.2421
0.0038
1.0000

cOR (95% CI)
6.00 (0.78-46.14)
1.0 (
4.73 (0.39-57.70)
1.0 (
2.85 (1.38-5.90)
1.0 (
-

cOR, crude odds ratio; CI, confidence interval; IR, immediate release. a)Values are presented as numbers of subjects (%),
b)
p-values by Fisher exact test.

3. Impact of BTcP on QoL
Patients with BTcP 4.42 times more frequently complained
sleep disorder, which caused patients to wake up two or
more times during sleep, compared to those without BTcP
(p < 0.0001) (Table 3). And they were 1.74 times more unsatisfied with their pain control than patients who did not have
BTcP (p=0.0498) (Table 3).
4. BTcP treatment
According to the patient questionnaire results, 77% of
patients with BTcP answered that they were treated with a
short-acting analgesic during an attack. A total of 110
patients answered that they were treated with a short-acting
analgesic within 10 minutes, 29 patients within 11 to 20
minutes, five patients within 11 to 20 minutes, three patients

within 31 to 60 minutes, and six patients after 60 minutes.
According to the medical records, 77 of 177 patients (44%)
with BTcP were prescribed short-acting analgesics on the day
of their enrollment in this study. Thirty-six patients were
treated with oxycodone-immediate release (IR), 30 patients
with morphine (29 intravenous morphine and one S-morphine), six patients with tramadol, three with hydromorphone, one with Actiq, and one with acetaminophen. There
was no clinical predictor for the reason why patients did not
take and short-acting analgesics. Concordance between longacting and short-acting analgesics was analyzed. A cognate
short-acting analgesic, such as oxycodone-IR, was more
frequently prescribed for patients treated with oxycodone as
a long-acting analgesic (p=0.0038) (Table 4).
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Discussion
Recent surveys have reported BTcP prevalence of 28%-71%
for in-patients with cancer [1]. Here, we reported prevalence
of 29% among hospitalized cancer pain patients. This is a
lower percentage than previously reported [12-14], although
Hagen et al. [15] reported that 28% of patients with cancer
pain have BTcP. Nationwide surveys conducted in Korea between 2001 and 2006 reported BTcP incidence of 35% [12].
One explanation for the discrepancy may be different inclusion criteria. Two surveys conducted in 2001 and 2006
enrolled cancer pain patients who visited the outpatient
clinic or were admitted in hospital. These also included
patients with uncontrolled BCP, and patients with advanced
stage cancer and poor PS [12]. In comparison with previous
studies, the current survey, conducted in 2010, only enrolled
hospitalized patients with controlled BCP, as the exact definition of BTcP.
Actually, prevalence of BTcP varies in different settings.
The lowest prevalence rates were detected in studies conducted in out-patient clinics and the highest were reported
in studies conducted in the hospice ward [1]. Hospitalized
patients who maintained generally good PS and received
chemotherapy were enrolled in this study. This setting could
explain the lower prevalence of BTcP. Another possible
explanation for the lower prevalence of BTcP in the current
study is that patients might have recall bias. As a matter of
fact, 77% of our patients answered that they have received
short-acting analgesics for BTcP but the medical records
reported that only 44% of the patients were treated with
short-acting analgesics. Thus, patients with BTcP may not
have reported their pain because of difference between
patients’ memory of pain and the medical record of the study
day. In addition, as no validated BTcP assessment tool was
available at the time of this study, we could not reliably
determine the prevalence of BTcP only by asking patients to
describe the frequency, intensity, and duration.
BTcP affects patient’s QoL. Bedard et al. [11] reported that
BTcP impacts daily living activities of European and Canadian patients and Raj et al. [13] reported that patients with
BTcP have more mood and sleep disturbances and are less
able to keep up with normal work. We also found that BTcP
was related to dissatisfaction with pain control and sleep disorders. However, there was no available clinical predictor to
distinguish patients with and without BTcP. Thus, successful
management of BTcP depends on a combination of adequate
assessment and appropriate treatment. A systematic review
of the literature in 2010 identified 10 tools for assessment of
BTcP, seven of which were discussed but have not been
made available and have only been used in one study [14].
Portenoy and Hagen [3] developed the Breakthrough Pain
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Questionnaire (BPQ) specifically for assessment of BTcP. This
tool assesses the severity, location, pathophysiology, cause,
and precipitating and palliative factors for BTcP, as well as
its relationship to scheduled analgesic use through patient’s
self-report. Although the BPQ has been used in epidemiological and pharmaceutical studies, it has not been validated
[14]. Hagen et al. [15] developed the Alberta Breakthrough
Pain Assessment Tool (ABPAT), using the Delphi process,
specifically for assessment of BTcP. This tool was developed
for research purposes and was formally validated for clinical
use in 2014 [16]. The Episodic Pain Documentation Sheet [17]
and a modified version of the original Potenoy and Hagen
questionnaire [18] were also developed for assessment of
BTcP. However, only the ABPAT has been clinically validated for independent assessment of BTcP.
Oral IR opioid preparations are recommended as first-line
therapy for BTcP [19]. Their advantages include easy administration, relatively rapid onset, and extensive experience in
use. Morphine, oxycodone, and hydromorphone are available as oral IR preparations in Korea. Most patients were also
treated BTcP with an oral or intravenous opioid. Concordance was observed between oxycodone as a long-acting
analgesic and oxycodone IR as a short-acting analgesic
because physicians had more experience in prescribing
oxycodone as an oral preparation and it could be easily
titrated. Many recent studies have suggested that buccal,
sublingual, or oral/nasal transmucosal formulations of
fentanyl are effective for BTcP [9,20,21]. Fentanyl is a highly
lipophilic synthetic opioid, which shows rapid diffusion
across the blood brain barrier to elicit a rapid pain response
[22]. A recent study demonstrated that physicians are more
aware of the benefits of fentanyl, as a higher proportion of
patients are prescribed this agent for control of BTcP [11].
Fentanyl (Actiq) was only prescribed to 1.2% of patients in
our study. In 2010, Korean physicians had limited options
for treatment of BTcP. Actiq was first available for use in
Korea in 2008 and Fentora and Abstral became available in
2014. Therefore, nowadays, with an established definition
of BTcP, different assessment tools, and many treatment
options for BTcP, this result did not coincide exactly with
treatment of BTcP. However, this study might be useful in
showing the state of epidemiology and clinical significance
of BTcP and help support further studies in Korea.
This study had some limitations related to the methods
used for classification of patients with BTcP. The study was
designed to describe the epidemiology and pain management strategy for patients with cancer in Korea with special
emphasis on the prevalence and treatment patterns for cancer pain in 2010. The variables and measurements used were
most appropriate for BCP, not BTcP. Therefore, this study
did not report subtypes of BTcP such as spontaneous or
incidental type or the impact of BTcP on daily living. In

Sun Kyung Baek, Prevalence of Breakthrough Cancer Pain in Korea

addition, we rely solely on patient self-reporting techniques,
which can be inaccurate, as patients are not always specific
when reporting their pain, and we did not use a BTcP-specified assessment tool, as no validated assessment tool for
BTcP was available at the time of the study. Neverthless, this
study presents the first report about BTcP in Korea based on
a valid definition of BTcP.

Conclusion
In summary, approximately 30% of hospitalized patients
with adequately controlled BCP complained of BTcP. Unfortunately, there were no clinical factors predicting the presence of BTcP, and BTcP impacted QoL of cancer patients with
controlled BCP. Therefore, physicians should perform more
appropriate evaluation, and provide adequate management
of BTcP in cancer patients with controlled BCP.
This is the first study to show the prevalence and clinical
characteristics of BTcP in Korea based on a valid definition
of BTcP. Further advances in BTcP diagnosis and treatment,
as well as knowledge of predictors will continue to inform
us about the evolving, complex nature of cancer pain classification and management.
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Public Perceptions on Cancer Incidence and Survival: A Nation-wide
Survey in Korea

Purpose
The aim of this study was to compare the public perceptions of the incidence rates and
survival rates for common cancers with the actual rates from epidemiologic data.
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Materials and Methods
We conducted a survey of Korean adults without history of cancer (n=2,000). The survey
consisted of questions about their perceptions regarding lifetime incidence rates and
5-year survival rates for total cancer, as well as those of eight site-specific cancers. To
investigate associated factors, we included questions about cancer worry (Lerman’s Cancer
Worry Scale) or cared for a family member or friend with cancer as a caregiver.
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Results
Only 19% of Korean adults had an accurate perception of incidence rates compared with
the epidemiologic data on total cancer. For specific cancers, most of the respondents overestimated the incidence rates and 10%-30% of men and 6%-18% of women had an accurate perception. A high score in “cancer worry” was associated with higher estimates of
incidence rates in total and specific cancers. In cancers with high actual 5-year survival
rates (e.g., breast and thyroid), the majority of respondents underestimated survival rates.
However, about 50% of respondents overestimated survival rates in cancers with low actual
survival rates (e.g., lung and liver). There was no factor consistently associated with
perceived survival rates.
Conclusion
Widespread discrepancies were observed between perceived probability and actual
epidemiological data. In order to reduce cancer worry and to increase health literacy,
communication and patient education on appropriate risk is needed.

Key words
Perception, Cancer incidence, Cancer survival, Worry,
Health numeracy
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Introduction
The incidence rate of cancer is increasing in developing
countries, but the 5-year survival rate of cancer is also
increasing, since the diagnosis and treatment of cancer has
improved enormously worldwide [1,2]. South Korea is no
exception. According to an analysis of cancer statistics in
Korea from 2011, the lifetime cumulative cancer incidence
rates are 38.1% for men and 33.8% for women, and 5-year
survival rates are 57.6% for men and 75.2% for women, for
all cancers. Both incidence and survival rates have been
increasing consistently over the past 10 years in Korea [2,3].
However, cancer is regarded as one of the most feared
diseases among the general population around the world
[4,5]. A cancer diagnosis imposes a serious psychological
burden and there is widespread belief that “cancer” implies
with an unpleasant, painful death [6].
Health literacy is defined as the ability to access, understand, appraise, and communicate information in order to
apply health information to promote and maintain good
health outcomes [7]. More than 40% of US adults (ages 25
and older) were found to have limited health literacy [8].
Health numeracy, referred to as quantitative literacy, is “the
degree to which individuals have the capacity to access,

process, interpret, communicate, and act on numerical, quantitative, graphical, biostatistical, and probabilistic health
information needed to make effective health decisions.” Low
numeracy may adversely affect risk comprehension and
medical treatment [9]. Having limited literacy or numeracy
affects risk factors for poor health [10].
Perceived risk is regarded as the subjective judgment,
without foundation in objective data, of the degree of risk.
Risk perception for cancer, with regard to health literacy,
plays an important role in participating in preventive action.
The level of health literacy or numeracy and an individual’s
perceived risk for cancer predict attitudes toward cancer
related health behaviors and the likelihood of taking appropriate and timely healthcare action [11]. A “fear” of cancer is
associated with a negative attitude toward early detection
and may be a barrier to participation in cancer screening [12].
In seeming paradox, people with higher perceived cancer
risk are more likely to participate in cancer screenings [13].
Some studies have examined perceived cancer risks and
related factors in Europe [14] and the United States [15].
However, few studies have been carried out on perceptions
of the incidence and survival of different and total cancers
among the Korean general population. The aim of this study
was to determine public perceptions of lifetime cumulative
incidence rates and 5-year survival rates for common cancers

Table 1. Subject demographics
Characteristic
Age, median (interquartile range, yr)
Education
High school or less
College and higher
Marital status
Married
Not married
Divorced/widowed
Smoking
Non-smoker
Ex-smoker
Current smoker
Alcohol consumption
Non-drinking
Drinking
Religion (yes)
Have a disease other than cancer (yes)
Private cancer insurance status (yes)
Have a family or friend with cancer history (yes)
Have cared for family or friend (yes)
Pay for cancer treatment of family or friend (yes)

Values are presented as number (%) unless otherwise indicated.
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Men (n=991)
52 (46-58)

Women (n=1,009)
52 (47-58)

589 (59.4)
402 (40.6)

775 (76.8)
234 (23.2)

947 (95.6)
19 (1.9)
25 (2.5)

946 (93.8)
8 (0.8)
55 (5.4)

130 (13.1)
301 (30.4)
560 (56.5)

944 (93.5)
28 (2.8)
37 (3.7)

139 (14.0)
852 (86.0)
446 (45.0)
262 (26.4)
779 (78.6)
414 (41.8)
166 (16.7)
117 (11.8)

421 (41.7)
588 (58.3)
633 (62.7)
218 (21.6)
851 (84.3)
425 (42.1)
292 (28.9)
121 (12.0)

Soyeun Kim, Perceptions on Cancer Incidence and Survival

with disparate prognoses and to compare perceived risk with
known cancer incidence and survival rates from epidemiologic data. Furthermore, we explored what factors may
influence public perceptions of cancer incidence and prognoses.

tion aged between 40 and 70; (2) general population who had
not been diagnosed with any cancer were capable of completing a questionnaire without assistance. The sampling
error within 95% confidence interval was ±2.2%. Four thousand eight hundred and fifty-one Korean adults were
contacted and of these survey candidates, 2,000 people completed the survey questions (response rate, 41.2%).

Materials and Methods

2. Questionnaires and preparation

1. Study design and subjects
This study was performed as part of the survey, “Awareness of the quality of cancer treatment among the general
population in Korea” between November and December
2012. As the title indicates, this study was conducted to
explore the perception of cancer incidence rates and the
survivability of cancer among the general population. The
nationwide health survey was conducted through faceto-face interviews at participants’ homes by trained interviewers from November 1, 2012 to December 1, 2012.
The survey applied a stratified probability sampling
design from the South Korean population using a two-stage
systematic sampling method. After stratifying by the region,
we systematically extracted samples according to population
ratio. Inclusion criteria were as follows: (1) general popula-

Socio-demographic data including age, sex, smoking
history, alcohol consumption, educational level, religious
status, and marital status were obtained from the questionnaires.
Participants were also asked about factors that might be
related to public perceptions of cancer, such as cancer worry,
having cared for a family member or friend with cancer as a
caregiver, and having a disease other than cancer.
Cancer worry was assessed by averaging responses to four
Likert scale items adapted from Lerman’s Cancer Worry
Scale (1, not at all or rarely; 2, sometimes; 3, often; and 4, a
lot or all the time). The questions addressed the frequency of
cancer worry, the impact of worry on mood, the impact of
worry on daily functioning, and the level of cancer concern
(alpha, 0.70) [16].
The survey questionnaire assessed respondents’ perceived
lifetime incidence rate and 5-year survival rate for cancer in

Table 2. Perceived lifetime cumulative incidence rates compared to actual rates
Perceived rate by participants
Sex

Men

Women

Median (IQR)

Mean±SD

Actual
incidence
rate (%)a)

30 (20-40)
20 (20-40)
20 (10-30)
20 (10-30)
20 (10-30)
20 (10-30)
30 (20-40)
20 (15-35)
20 (10-30)
20 (10-30)
20 (10-30)
30 (20-35)
25 (15-35)
30 (15-40)

29.2±17.1
27.7±16.6
22.6±14.2
22.3±13.8
22.3±14.5
22.2±15.4
30.0±17.7
27.5±17.0
21.5±15.2
21.5±14.9
21.4±14.4
27.8±15.8
26.7±16.6
29.4±18.2

38.1
7.2
5.2
4.1
5.8
3.0
33.8
2.9
1.7
1.1
2.9
5.3
1.2
12.1

Site

Total
Stomach
Lung
Liver
Colon, rectum
Prostate
Total
Stomach
Lung
Liver
Colon, rectum
Breast
Uterine cervix
Thyroid

No. (%)
Underestimation
695 (70.1)
13 (1.3)
15 (1.5)
11 (1.1)
14 (1.4)
18 (1.8)
463 (45.9)
9 (0.9)
19 (1.9)
20 (2.0)
10 (1.0)
2 (0.2)
6 (0.6)
87 (8.6)

Accurate
Overestimation
estimation
123 (12.4)
178 (18.0)
276 (27.9)
100 (10.1)
311 (31.4)
122 (12.3)
251 (24.9)
61 (6.1)
102 (10.1)
114 (11.3)
105 (10.4)
180 (17.8)
67 (6.6)
187 (18.5)

173 (17.5)
800 (80.7)
700 (70.6)
880 (88.8)
666 (67.2)
851 (85.9)
295 (29.2)
939 (93.0)
888 (88.0)
875 (86.7)
894 (88.6)
827 (82.0)
936 (92.8)
735 (72.8)

IQR, interquartile range; SD, standard deviation. a)The actual lifetime cumulative incidence rates in each cancer based on
cancer statistics of Korean Cancer Center Registry Data in South Korea from 2011.
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Fig. 1. Distributions of participants’ perceptions of the lifetime, cumulative incidence rate by cancer site. The red vertical
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200 on an analysis of cancer statistics in Korea from
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general as well as for eight site-specific cancers (stomach,
lung, liver, colorectal, breast [women], uterine cervix
[women], thyroid [women], and prostate [men]).
To assess perception of the lifetime cancer incidence rates
among the general population, we asked the participants the
following open-ended question: “What would you estimate
is the average Korean person’s likelihood of being diagnosed
with cancer in their lifetime?” Participants answered the
question for each cancer using probability estimates.
To assess perceptions of the 5-year cancer survival rate, we
asked participants the following open-ended question:
“What would you estimate is the likelihood of 5-year
survival after being diagnosed with cancer?” Participants
answered the question for each cancer using probability
estimates.

tions of incidence or survival and potential factors, such as
cancer worry or having cared for a family member or friend
with cancer as a caregiver, were analyzed using a multinomial regression model.
In order to control of type 1 error in the analysis of multiple
comparisions, the Bonferroni correction was used.
All statistical analyses were conducted using STATA ver.
12.0 (STATA Corp., College Station, TX).
4. Ethics approval
The purpose of the study was explained to all of the participants and informed consent was procured. All data were
self-reported by participants.
This study was approved by the Institutional Review
Board of the National Cancer Center, Korea

3. Statistical analysis
The participants’ baseline socio-demographics are described using frequency and percentages or median values.
Descriptive statistics were used to describe responses to the
questions regarding incidence and survival rates.
We categorized participants into three groups according
to their perceptions of lifetime cancer incidence or 5-year
survival rates: the accurate estimation group (participants’
responses in the ±5% range of actual cancer incidence or
survival statistics were regarded as accurate), the underestimation group (incidence and survival estimates were lower
than the accurate range), or overestimation group (incidence
or survival estimates higher than the accurate range). For
example, when the actual survival rate of total cancer was
57.6% in men, we regarded the range of accurate estimation
as 52.6%-62.6%. Associations between participants’ percep-

780

CANCER RESEARCH AND TREATMENT

Results
1. Participant characteristics
Two thousand participants completed the survey. Table 1
shows participants’ basic characteristics. The median age was
52 years old and 51% were women. Most of the participants
were married, and 84% of women and 79% of men carried
private cancer insurance. Approximately 40% of the men and
women had a family member or friend with a history of cancer.
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0.75
1.03
1.61
1.04
1.17
0.67
0.66

RRR

All

1.03
0.36
2.06
1.30
0.85
1.80
0.61
1.52

0.98
1.19
1.96
2.15
1.11
7.71
0.39
1.07

1.01
0.80
1.50
0.99
1.22
0.76
2.08
1.90

0.97
1.96
1.44
1.03
2.53
0.75
0.73
0.16

RRR

0.14
0.07
< 0.01*
0.44
0.15
0.15
0.08
0.16

0.81
0.98
0.37
0.37
0.89
0.02
0.27
0.94

0.56
0.43
0.10
0.96
0.25
0.19
< 0.01*
< 0.01*

0.55
0.56
0.75
0.96
0.12
0.74
0.78
0.15

p-value

Stomach

1.05
0.82
1.40
1.04
1.06
1.44
0.66
1.64

1.12
3.02
1.02
2.84
1.87
1.06
0.49
0.22

1.01
1.05
1.08
1.27
0.90
0.79
1.22
1.68

0.96
0.30
0.40
1.37
1.51
0.97
0.39
0.26

RRR

0.01
0.73
0.12
0.88
0.81
0.25
0.07
0.04

< 0.01*
1.00
0.97
0.10
0.31
0.93
0.25
0.09

0.61
0.81
0.74
0.16
0.46
0.17
0.33
< 0.01*

0.34
0.18
0.15
0.61
0.47
0.97
0.38
0.15

p-value

Lung

1.06
0.67
1.50
1.44
1.17
1.14
0.74
2.34

1.09
1.08
1.25
4.93
1.15
1.22
0.53
0.34

1.01
1.42
0.66
1.14
0.94
0.59
2.00
1.65

0.92
2.07
0.14
1.09
1.94
1.03
4.13
0.12

RRR

< 0.01*
0.43
0.05
0.15
0.65
0.65
0.18
< 0.01*

0.04
0.95
0.66
< 0.01*
0.79
0.76
0.30
0.21

0.44
0.25
0.27
0.58
0.79
0.04
0.05
0.04

0.13
0.56
0.02
0.90
0.33
0.97
0.99
0.14

p-value

Liver

1.04
1.13
1.27
1.61
0.91
1.01
0.89
1.52

1.01
4.65
0.85
14.15
2.44
2.84
6.14
0.23

1.00
0.86
1.15
0.98
0.86
0.93
1.59
1.91

0.96
0.61
0.35
0.76
0.96
1.11
0.50
0.36

RRR

0.02
0.85
0.27
0.09
0.66
0.97
0.62
0.07

0.91
0.24
0.82
< 0.01*
0.29
0.30
0.98
0.23

0.88
0.49
0.51
0.92
0.31
0.70
0.02
< 0.01*

0.38
0.48
0.15
0.66
0.94
0.88
0.51
0.25

p-value

Colon, rectum

RRR, relative-risk ratio. *Statistically significant with Bonferroni correction. a)Sex-specific cancer.

Men
Underestimation
Age (per year)
Smoking (current smoking)
Alcohol consumption (current drinking)
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Have cared for family or friend (yes)
Cancer worry score
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Age (per year)
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Have a disease other than cancer (yes)
Have cared for family or friend (yes)
Cancer worry score
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Have a disease other than cancer (yes)
Have cared for family or friend (yes)
Cancer worry score
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-

-
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Table 4. Participants’ predicted 5-year survival rates compared with actual rates
Sex

Site

Men

Women

Predicted rate by participants
Median (IQR)

Mean±SD

Actual
survival rate (%)a)

50 (30-67)
50 (30-70)
30 (20-50)
35 (20-50)
40 (20-50)
50 (30-70)
50 (30-70)
50 (30-70)
30 (20-50)
40 (20-50)
40 (20-60)
60 (40-70)
60 (40-70)
70 (50-80)

48.4±21.8
48.2±20.7
35.9±20.8
37.4±20.4
39.7±21.1
52.0±23.1
49.8±22.2
49.9±20.4
36.5±21.5
37.6±21.0
40.5±21.8
56.6±21.8
56.3±22.0
65.5±23.1

57.6
70.1
18.3
28.5
75.8
92.0
75.2
67.9
26.8
28.7
70.7
91.3
80.1
99.9

Total
Stomach
Lung
Liver
Colon, rectum
Prostate
Total
Stomach
Lung
Liver
Colon, rectum
Breast
Uterine cervix
Thyroid

No. (%)
Underestimation
556 (56.1)
742 (74.9)
159 (16.0)
311 (31.4)
930 (93.8)
918 (92.6)
883 (87.5)
731 (72.5)
368 (36.5)
319 (31.6)
861 (85.3)
934 (92.6)
777 (77.0)
935 (92.7)

Accurate estimation Overestimation
170 (17.2)
148 (14.9)
185 (18. 7)
182 (18.4)
47 (4.7)
70 (7.1)
107 (10.6)
155 (15.4)
148 (14.7)
174 (17.2)
82 (8.1)
64 (6.3)
149 (14.8)
38 (3.8)

265 (26.7)
101 (10.2)
647 (65.3)
498 (50.3)
14 (1.4)
3 (0.3)
19 (1.9)
123 (12.2)
493 (48.9)
516 (51.1)
66 (6.5)
11 (1.1)
83 (8.2)
36 (3.6)

IQR, interquartile range; SD, standard deviation. a)5-year survival rate for each cancer based on population-based cancer registry in South Korea between 2007-2011.

2. Perception of lifetime cumulative cancer incidence rates
in general population
Table 2 and Fig. 1 show the perceived lifetime cumulative
incidence rate of total cancer, as well as those of eight sitespecific cancers in the Korean general population.
Widespread discrepancies were observed between the perception of probability and the actual epidemiological data
regarding cumulative cancer incidence rates. The actual lifetime cumulative incidence rates of total cancer, based on an
analysis of cancer statistics in South Korea from 2011, are
38.1% in men and 33.8% in women [2]. Defining accurate
estimation rate as in the range of ±5% of the actual incidence
of total cancers (men, 33.1%-43.1%; women, 28.8%-38.8%),
only 19% of men and women came close to this actual incidence rate. Korean men have a lifetime cumulative incidence
rate of less than 10% for five specific cancers (stomach, lung,
liver, colon, and prostate) (Table 2). When we considered the
accurate estimation rate in the range of ±5% that focused on
actual incidence of specific cancers (except 0%), most respondents overestimated lifetime cancer incidence rates (e.g.,
men: stomach cancer, 80.7%; lung cancer, 70.6%; and prostate
cancer, 85.9%; women: stomach cancer, 93.0%; lung cancer,
88.0%; breast cancer, 82.0%; and cervical cancer, 92.8%).
Approximately 10%-30% of men had accurate perceptions of
the five specific cancers. Korean women have a lifetime
cumulative incidence rate of less than 5% for five specific
cancers (stomach, lung, liver, colon, and uterine cervix), 5.3%
for breast cancer, and 12.1% for thyroid cancer (Table 2).
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When perceived rates of actual cancer incidence in the range
of ±5% (except 0%) were regarded as accurate, a significantly
low proportion of women respondents (6%-18%) had accurate perceptions for seven specific cancers.
Table 3 shows the results of multinomial regression analyses regarding factors that potentially affect public perceptions of lifetime, cancer incidence rates. For both men and
women, respondents who are current drinkers were significantly more likely to provide higher estimates on incidence
rates for total cancer. For men, a high score of cancer worry
was inversely associated with underestimation. Respondents
who had a high score of cancer worry or had cared for family
or a friend as a caregiver were significantly more likely to
provide higher estimates of incidence rates for total cancers
in women.
High scores of cancer worry were associated with higher
estimates of all specific cancers in male respondents. For
women, the association between cancer worry scores and
higher cancer incidence estimates was significant in several
specific cancers such as lung cancer, liver cancer, breast cancer, and uterine and cervical cancer.
3. Perceptions of 5-year cancer survival rates in the general
population
Table 4 and Fig. 2 show the perceived 5-year survival rates
of total cancer and specific cancers in the Korean general
population. Widespread discrepancies were observed
between perceptions of survival for each cancer and actual
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5-year survival rates according to cancer statistics in Korea
from 2011. In cancers with high actual survival rates (stomach, colon, breast, uterine cervix, thyroid, and prostate), the
majority of respondents underestimated 5-year survival rates
in cancer. However about 50% of respondents overestimated
5-year survival rate in cancers with low actual survival rates
(lung and liver).
There was no consistent association between any single
factor and respondents’ perceptions of 5-year survival rates
for each cancer (Table 5).

Discussion
To our knowledge, this is the first study to assess the perception of incidence and survival rates of eight common
cancers and total cancer in the Korean general population.
The use of numerical ratings of probability for cancer incidence and survival rates has the advantage of making it possible to compare the values with a “true” rate. In addition,
this study investigated perceived risks in relation to common
cancer sites, thereby enabling comparisons across the various
types of specific cancers.
The perceived lifetime cumulative incidence rate of each
cancer was significantly overestimated. Previous research
found that 65% of women overestimated the incidence of
breast cancer in Australia [17], and 66% of German women
inaccurately estimated breast cancer incidence [18]. Our findings were consistent with these previous studies.
Lifetime cumulative incidence rate of total cancer should
be the sum of incidence rates of each cancer. However, our

results showed that the sum of the perceived incidence rates
for each cancer was higher than that of total cancer. Furthermore, there was not a significant disparity between perceived incidence rates of each cancer and that of total cancer.
Respondents did not distinguish the meaning between total
cancer and specific site cancer. Our results suggested a high
prevalence of low health literacy regarding the meaning of
each cancer and low numeracy in terms of cancer incidence
among the Korean population.
In our study, high estimates of incidence rates in total
cancer, as well as the eight specific cancers, were significantly
associated with high scores on cancer worry. Previous studies also showed that cancer risk perceptions were positively
related to cancer worry. Fear of cancer is one of the factors
that can lead to delays in seeking medical treatment and
health promotion activities [19]. Providing people with
accurate information about cancer can help them to accurately assess their cancer risk and reduce excessive worry
and anxiety [20].
There were discrepancies between perceptions of survival
and actual 5-year survival rates. The majority of both men
and women tend to underestimate 5-year survival rates in
cancers with relatively high actual survival rates such as
cancers of the stomach, colon, breast, uterine cervix, thyroid,
and prostate. Half of the respondents overestimated 5-year
survival rate in cancers with relatively low actual survival
rates, such as lung and liver cancer. A British populationbased research study showed a tendency to underestimate
breast cancer survival and overestimate lung cancer survival
[14]. Perceived survival rates for lung cancer and leukemia,
which have low actual survival rates, were overestimated in
Australian adults [21]. Our findings were consistent with
previous research. This may be associated with a tendency
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1.31
1.24
1.30
1.01
0.62
0.77

0.99
1.23
1.25
1.25
1.20
1.03
0.65
0.77

1.00
0.75
1.44
0.85
1.01
0.97
1.03
0.80

1.01
0.47
1.38
0.91
1.19
0.67
0.91
0.84

RRR

0.50
0.14
0.14
0.37
0.16
0.97
0.01
0.11

0.40
0.71
0.26
0.37
0.37
0.90
0.03
0.13

0.92
0.34
0.15
0.41
0.95
0.88
0.89
0.16

0.38
0.02
0.24
0.65
0.35
0.09
0.70
0.31

p-value

Liver

0.98
0.55
1.10
1.90
0.72
1.27
1.90
0.67

0.98
1.55
0.86
1.35
0.77
1.21
1.68
1.64

0.98
2.53
0.40
1.02
0.30
1.23
0.87
1.68

1.00
1.06
0.53
0.67
0.57
0.60
1.18
0.87

RRR

0.51
0.64
0.78
0.14
0.36
0.59
0.10
0.34

0.40
0.56
0.54
0.36
0.30
0.54
0.08
0.07

0.66
0.42
0.34
0.97
0.07
0.77
0.87
0.29

0.96
0.90
0.25
0.25
0.07
0.15
0.69
0.61

p-value

Colon, rectum

RRR, relative-risk ratio. *Statistically significant with Bonferroni correction. a)Sex-specific cancer.

Men
Under estimation
Age (per year)
Smoking (current smoking)
Alcohol consumption (current drinking)
Education (college and higher)
Religion (yes)
Have a disease other than cancer (yes)
Have cared for family or friend (yes)
Cancer worry score
Over estimation
Age (per year)
Smoking (current smoking)
Alcohol consumption (current drinking)
Education (college and higher)
Religion (yes)
Have a disease other than cancer (yes)
Have cared for family or friend (yes)
Cancer worry score
Women
Under estimation
Age (per year)
Smoking (current smoking)
Alcohol consumption (current drinking)
Education (college and higher)
Religion (yes)
Have a disease other than cancer (yes)
Have cared for family or friend (yes)
Cancer worry score
Over estimation
Age (per year)
Smoking (current smoking)
Alcohol consumption (current drinking)
Education (college and higher)
Religion (yes)
Have a disease other than cancer (yes)
Have cared for family or friend (yes)
Cancer worry score

Variable

1.04
10.03
0.48
1.58
0.21
0.76
4.62
1.75

1.00
1.27
0.55
1.01
0.92
1.70
1.29
1.14

-

-

RRR

0.47
0.03
0.33
0.58
0.04
0.77
0.03
0.33

0.85
0.75
0.04
1.00
0.76
0.19
0.40
0.62

-

-

p-value

Breasta)

Table 5. Factors possibly affecting participants’ perceptions of survival rates of total cancer and eight specific cancers

1.01
2.86
1.19
1.23
0.83
1.13
0.92
1.26

0.99
1.37
0.70
0.91
1.08
1.84
0.62
1.42

-

-

RRR

0.74
0.11
0.57
0.55
0.51
0.77
0.77
0.42

0.54
0.57
0.06
0.68
0.71
0.02
0.02
0.07

-

-

p-value

Uterine cervixa)

0.98
7.26
0.54
0.78
0.86
2.65
1.92
1.91

1.00
0.75
0.33
0.83
1.64
1.38
1.03
1.10

-

-

RRR

0.52
0.02
0.30
0.68
0.77
0.13
0.21
0.13

0.81
0.71
0.01
0.64
0.15
0.53
0.94
0.78

-

-

p-value

Thyroida)

-

-

1.05
0.11
97.20
5.03
3.32
2.25
6.04
0.12

1.01
0.82
0.60
1.05
1.30
1.08
0.80
1.50

RRR

-

-

0.63
0.14
0.99
0.28
0.99
0.58
0.99
0.37

0.75
0.67
0.26
0.89
0.31
0.82
0.48
0.14

p-value

Prostatea)

Cancer Res Treat. 2016;48(2):775-788

Soyeun Kim, Perceptions on Cancer Incidence and Survival

to avoid extremes on rating scales [14,22], and because the
general population did not distinguish among cancers in
terms of outcomes.
In our study, we could not find any factor with a consistent
correlation with the respondents’ perceptions of 5-year
survival rates for each cancer. Research from Japan showed
that older respondents significantly overestimate 5-year
survival rates for some cancers (e.g., thyroid, breast, cervix,
prostate, colorectal, and stomach). Female respondents overestimate survival rates for other types (e.g., prostate and
cervix), and a history of having a family member or friend
with cancer was associated with survival rates for still other
types (e.g., breast, prostate, cervix, colorectal, and stomach)
[23]. However, consistent with our study, the pattern of
association was not uniform across cancer types. While we
also found that several factors are associated with underestimation or overestimation of cancer survival in total and
specific cancers (e.g., have cared for family or a friend with
cancer as a caregiver or have a high level cancer worry), they
were not consistent across cancer types.
An often-overlooked problem in all areas of cancer communication is health literacy and numeracy. Patients are
frequently assumed to have difficulty understanding health
statistics such as numeric estimates of risk [24]. In addition,
numeracy influences how individuals interpret medical risk
information [10]. Excessive worry about cancer risks or prognosis can lead to unhealthy behaviors such as avoidance of
cancer screenings [25]. Thus, it is important to reiterate that
appropriate risk communication and patients’ education on
health information is needed to increase health literacy and
reduce cancer worry.

Conclusion
This study investigated widespread discrepancies between
public perceptions and known cancer risks regarding lifetime
incidence and survival rates. We found low numeric skills
for cancer risk among Koreans in the general population. It
is our belief that the findings of our study are important to
physicians, particularly for communicating cancer risk and
prognoses to the public and to patients. More efforts in risk
communication and education on understanding medical
information should be made to reduce these discrepancies.
Such efforts would contribute to reasonable decision-making
in cancer prevention and treatment and eliminate unnecessary fear of cancer.
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Purpose
The purpose of this study is to investigate differences in organ-specific cancer incidence
according to the region and population size in Korea.
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Materials and Methods
We reviewed the data of the cancer registration program of Gyeongnam Regional Cancer
Center between 2008 and 2011. Age-standardized rates of cancer incidence were analyzed
according to population size of the region and administrative zone.
Results
Incidence of thyroid cancer has been increasing rapidly in both urban and rural areas. However, the thyroid cancer incidence was much lower in rural areas than in urban areas and
megalopolis such as Seoul. Gastric cancer was relatively more common in rural areas, in
megalopolis near the sea (Ulsan, Busan, and Incheon), and other southern provinces
(Chungcheongnam-do, Gyeongsangbuk-do, and Gyeongsangnam-do). A detailed analysis
in Gyeongsangnam-do revealed that rural areas have relatively low incidence of thyroid and
colorectal cancer, and relatively high incidence of gastric and lung cancer compared to
urban areas.
Conclusion
This study suggests that there are some differences in cancer incidence by population size.
Thyroid and colorectal cancer incidence was increasing, and gastric and lung cancer was
slightly decreasing in urban areas, whereas gastric and lung cancer incidence still remains
high in rural areas.
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Introduction

Materials and Methods

Cancer has been the leading cause of death worldwide.
The mortality from cerebrovascular and cardiovascular disease decreased by 6.9 per 100,000 people during the past
decade (120.4/100,000 people in 2001 and 113.5/100,000 people in 2011) [1]. However, cancer mortality increased by 19.9
per 100,000 people during that period with a steady increase
in cancer incidence [1]. Cancer deaths accounted for 18% of
all causes of death worldwide [2] and 27.8% in Korea in 2011
[3].
Cancer development is significantly influenced by environmental factors. The differences in cancer incidence by
geographic region were reported in previous studies.
The stomach cancer incidence of Japanese immigrants in
Hawaii is lower than that of Japanese in Japan [4]. In the
United States, the lung cancer incidence was highest in Kentucky and lowest in Utah; the authors found that the reason
for the difference was a significant difference in smoking
prevalence between the two states [5]. Given that, in addition
to geographic region, population size also affects the distribution of risk factors for cancer [6,7], the relationship
between population size and cancer incidence was assessed
in several reports. A French study reported that the risk of
colorectal cancer was 73% higher in rural patients than in
urban patients after removal of the advanced adenoma [8].
In China, the incidence of primary liver cancer was higher in
rural areas than in urban areas [9]. In contrast, in a study conducted in the United States, no significant difference in incidence was observed in patients with esophageal and gastric
cancers, suggesting that the overall prevalence of risk factors
for cancer such as obesity, smoking, alcohol consumption,
and reflux disease may not differ between rural and urban
areas [10].
To reduce cancer incidence and mortality, primary prevention against cancer development including life style modification and eradication of cancer risk factors, and secondary
prevention such as regular health screening has been implemented in Korea. Recently, national cancer incidence data
was collected by the Korea Central Cancer Registry (KCCR)
program, but the regional data has not been analyzed for
organ-specific cancer incidence [11]. Therefore, an analysis
of cancer incidence according to population size may be
helpful in determining the difference in the distribution of
risk factors for cancer between rural and urban areas and in
formulating an individualized health policy in each region.
In this study, we investigated regional cancer incidence,
focusing on the Gyeongsangnam-do regional cancer registry
by collecting data from KCCR.

The KCCR cancer registration covers the entire population
under the Population-Based Regional Cancer Registry Program. Details of the history, objectives, and activities of
patients have been documented. We reviewed the collected
age-standardized regional organ-specific cancer incidence of
Gyeongsangnam-do from 2008 to 2011 from Gyeongnam
Regional Cancer Center and the Korea National Cancer Incidence Database (KNCI DB). Each case of cancer was classified according to the International Classification of Diseases
for Oncology third edition [12].
The proportion of the elderly population (65 years or
more) was 12.5% in 2010 in Gyeongsangnam-do [3]. Given
that the proportion of the elderly population is higher in
rural areas than in urban areas in Korea [3], urban area was
defined as a region where the proportion of that is lower than
12.5% and the remaining regions as rural area. According to
this definition, regions where more than 200,000 people live
were included in urban area. Urban areas were further classified into two groups based on population size: metropolitan area where more than 500,000 people live and nonmetropolitan urban area where less than 500,000 people live.
Among five urban areas of Gyeongsangnam-do, metropolitan areas included Changwon and Gimhae and non-metropolitan urban areas included Jinju, Geoje, and Yangsan. The
remaining 13 rural areas included Tongyeong, Sacheon,
Miryang, Uiryeong, Haman, Changnyeong, Goseong,
Namhae, Hadong, Sancheong, Hamyang, Geochang, and
Hapcheon. Population demographics according to the region
were investigated using statistical data from the Korean governmental statistics agency [3].
First, organ-specific cancer incidence in each region in
Gyeongsangnam-do was analyzed. In addition, the incidences of the top five cancers were investigated: thyroid cancer, gastric cancer, colorectal cancer, hepatobiliary cancer,
and lung cancer. Finally the incidences in Gyeongsangnamdo were compared with those in other megalopolises and
provinces nationwide.
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Results
1. Cancer incidence in Korea and Gyeongsangnam-do
The number of newly diagnosed cancer patients has been
steadily increasing since 1999, nationwide and in Gyeongsangnam-do: the nationwide annual cancer incidence was
219.9 and 319.8 of 100,000 people in 1999 and 2011, respec-
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Fig. 1. Annual age-standardized cancer incidence for all sites during 1999-2011 nationwide and during 2008-2011 in
Gyeongsangnam-do.

tively. The annual cancer incidence of Gyeongsangnam-do
showed a similar pattern, but was somewhat lower compared with the nationwide incidence: the annual incidence
of cancer patients was 276.8 and 311.5 of 100,000 people in
2008 and 2011, respectively (Fig. 1).
2. Changes in incidences of major cancers in Korea and
Gyeongsangnam-do
Annual organ-specific cancer incidence is shown in Fig. 2.
Nationwide incidence of thyroid cancer has shown a rapid
increase since 2008, whereas gastric cancer, colorectal cancer,
hepatobiliary cancer, and lung cancer did not. In Gyeongsangnam-do, gastric cancer was the most frequently
observed malignancy before 2010, but thyroid cancer became
the most common malignancy in 2011. In general, the pattern
of changes in incidences of top five cancers was similar both
nationwide and in Gyeongsangnam-do (Fig. 2).
3. Incidences of major cancers by population in Gyeongsangnam-do
Population demographics by region in 2010 in Gyeongsangnam-do are presented in Table 1. By the definition
described above, the proportion of the elderly population
was higher in rural areas than in urban areas. The proportion
of female was also higher in rural areas. As expected, higher
education level and medical accessibility were observed in
urban areas compared with rural areas.

The highest incidence of cancer was observed in Gimhae,
and the lowest in Hamyang. The incidences of major cancers
in Gyeongsangnam-do in 2011 are shown according to population size in Fig. 3. Regardless of population size, the top
three cancers in Gyeongsangnam-do were thyroid cancer,
gastric cancer, and hepatobiliary cancer in order of incidence.
In rural areas, lung cancer and colorectal cancer were the
fourth and the fifth, respectively. However, the fourth was
colorectal cancer, and lung cancer was the fifth in urban
areas. Incidences of thyroid cancer and colorectal cancer
were higher in metropolitan areas than in non-metropolitan
urban areas as well as in rural areas, whereas incidences of
gastric cancer and lung cancer were highest in rural areas.
The incidences of specific cancers in three areas were compared with that in Seoul, the largest city in Korea. Thyroid
cancer and colorectal cancer incidences in metropolitan area
of Gyeongsangnam-do were lower than those in Seoul.
Hepatobiliary cancer incidence in Gyeongsangnam-do was
not significantly different among three areas, but much
higher than that in Seoul.
4. Changes in incidences of major cancers by population in
Gyeongsangnam-do
Fig. 4 shows age-standardized rates for cancer incidences
according to population size in Gyeongsangnam-do between
2008 and 2011. Thyroid cancer incidence increased rapidly,
but the patterns differed slightly between populations. Colorectal cancer incidence appeared to be increasing with variVOLUME 48 NUMBER 2 APRIL 2016
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Fig. 2. Trends in age-standardized incidence of major cancers (A, thyroid cancer; B, gastric cancer; C, colorectal cancer; D,
hepatobiliary cancer; and E, lung cancer) during 2008-2011 nationwide and Gyeongsangnam-do.
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Gyeongsangnam-do
Changwon
Gimhae
Jinju
Geoje
Yangsan
Tongyeong
Sacheon
Miryang
Uiryeong
Haman
Changnyeong
Goseong
Namhae
Hadong
Sancheong
Hamyang
Geochang
Hapcheon

3,119,571
1,047,488
484,244
335,297
225,014
249,529
127,896
106,175
98,564
25,249
59,330
54,580
51,026
43,599
41,668
31,712
37,729
57,085
43,386

Population
size

391,348 (12.5)
87,067 (8.3)
36,503 (7.5)
40,306 (12.0)
15,941 (7.1)
22,814 (9.1)
16,513 (12.9)
18,086 (17.0)
22,268 (22.6)
9,251 (36.6)
12,268 (20.7)
16,073 (29.4)
13,143 (25.8)
15,064 (34.6)
13,272 (31.9)
10,710 (33.8)
11,706 (31.0)
14,169 (24.8)
16,194 (37.3)

Age ! 65 yrb)

1,562,686
532,588
242,884
165,447
121,140
124,434
64,908
52,924
47,272
11,652
29,250
25,720
25,340
20,158
19,568
14,802
17,608
27,256
19,735

Male
1,556,885
514,900
241,360
169,850
103,874
125,095
62,988
53,251
51,292
13,597
30,080
28,860
25,686
23,441
22,100
16,910
20,121
29,829
23,651

Female

Sex

100.4
103.4
100.6
97.4
116.6
99.5
103.0
99.4
92.2
85.7
97.2
89.1
98.7
86.0
88.5
87.5
87.5
91.4
83.4

Ratio
2,545,617
850,206
378,055
276,434
177,301
199,681
105,270
87,387
84,534
22,494
49,523
47,845
44,365
38,636
36,162
28,252
32,646
48,248
38,578

! 15 yr
728,185
173,629
78,628
77,112
37,835
44,903
37,884
33,154
37,931
13,722
19,668
25,118
21,869
22,457
21,094
17,526
18,146
23,066
24,443

Middle
school
or less

Education levelc)

28.6
20.4
20.8
27.9
21.3
22.5
36.0
37.9
44.9
61.0
39.7
52.5
49.3
58.1
58.3
62.0
55.6
47.8
63.4

Percent

25
10
5
4
2
3
0
0
0
0
0
0
0
0
0
0
0
0
0

121
42
20
11
7
6
6
5
6
1
3
2
3
1
2
0
1
3
2

No. of
No. of
general
hospitals
hospitals

Medical accessibilityd)

Foreigners were excluded in this analysis. Therefore, population size was somewhat underestimated. For example, population size in Gimhae is more than 500,000
since 2010, b)Number (%), c)Persons aged 15 years or more were included in the analysis, d)Data in 2009.

a)

Rural

Non-metropolitan
urban

Total
Metropolitan

Area

Administrative
zone

Table 1. Population demographics by regiona)
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Fig. 3. Regional cancer incidence according to population size in Gyeongsangnam-do and in Seoul in 2011.

ations between years. The lung cancer incidence slightly decreased in metropolitan areas, whereas it did not change or
slightly increased in non-metropolitan urban and rural areas.
Hepatobiliary cancer incidence was steadily decreasing in all
areas.
5. Incidences of major cancers in megalopolises and
provinces
To validate our hypothesis, we additionally assessed the
incidences of five major cancers in seven megalopolises, and
five provinces (Fig. 5). Among megalopolises, the highest
incidence of cancer was observed in Daegu, and the lowest
in Incheon. Thyroid cancer was the most common cancer in
all investigated areas. The incidences of thyroid cancer in
megalopolises except Busan and Incheon were more than 70
per 100,000 person-years. In contrast, Jeollanam-do was the
only province where the incidence of thyroid cancer was
over 70 per 100,000 person-years. Gyeongsangnam-do had
the lowest incidence of thyroid cancer among regions as
shown in Fig. 5. Gastric cancer, colorectal cancer, lung cancer,
and hepatobiliary cancer followed in order of incidence in
most areas. However, higher incidence of hepatobiliary cancer was observed in Busan, Jeollanam-do, Gyeongsangbukdo, and Gyeongsangnam-do than in other areas. In addition,
for gastric cancer, higher incidence was observed in megalopolises near the sea (Ulsan, Busan, and Incheon) than in
Seoul, and southern area provinces (Chungcheongnam-do,
Gyeongsangbuk-do, and Gyeongsangnam-do) showed
higher incidence than did Gyeonggi-do.

794

CANCER RESEARCH AND TREATMENT

Discussion
The aim of this study was to investigate regional difference
in organ-specific cancer incidence by population size in
Gyeongsangnam-do. Regardless of area, cancer incidence in
Gyeongsangnam-do was steadily increasing, which may
be attributed to two major factors. One hypothesis is the
improved detection rate through health screening programs.
Another hypothesis is that with advance in medical science,
the elderly population with high risk for cancer development
has increased. This pattern is consistent with nationwide
data [11].
This study first reports that organ-specific cancer incidence
differed according to population size in Korea. Regarding
thyroid cancer, although its incidence was rapidly increasing
in both the urban and rural areas, the incidence in rural areas
was much lower than that of urban areas. Similarly, in
nationwide data, incidence of thyroid cancer was generally
higher in megalopolis than in other areas. Given that there
is a strong correlation between the regional incidence of thyroid cancer and the proportion of the population screened in
a region [13] and medical accessibility was lower in rural
areas than in urban areas in our study, we assume that thyroid cancer screening was more actively conducted in urban
areas than in rural areas.
The low incidence of thyroid cancer in Gyeongsangnamdo might contribute to the lower total cancer incidence, compared with the nationwide cancer incidence. We found no
clear evidence to suggest why the incidence of thyroid cancer
was lower in Gyeongsangnam-do than nationwide. However, among urban areas in Gyeongsangnam-do, the incidence of thyroid cancer was higher in metropolitan area than
in non-metropolitan area. Therefore, relatively lower propor-
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Fig. 4. Trends in age-standardized incidence of major cancers according to population size during 2008-2011 in Gyeongsangnam-do: metropolitan (A), non-metropolitan urban (B), and rural area (C).

tion of metropolitan area in Gyeongsangnam-do compared
with nationwide areas may affect low incidence of thyroid
cancer in Gyeongsangnam-do.
Interestingly, the thyroid cancer incidence in Busan and
Incheon was lower than in other megalopolises or provinces.
The two megalopolises are located near the sea and have a
largesea port in common. This finding suggests that some
food from the sea may have beneficial effects. The incidence
of thyroid cancer depends on the food and iodine intake. This
finding is supported by a previous study reported in the
United States showing the differences of regional thyroid
cancer incidences [14].
Second, although gastric cancer incidence has not changed
in the past 10 years, its incidence was higher in the southern
province than the areas near Seoul, and the incidence still
remains high in rural areas. As we know, risk factors of gastric cancer development are Helicobacter pylori infection, low

socioeconomic status, eating salted diets, poor hygiene, and
smoking, etc. [15]. Evidence suggests that high salt intake
could cause gastric cancer by direct stimulation of gastric
mucosa or having a synergistic effect with H. pylori infection
[16]. Southern areas, such as Gyeongsangnam-do and Jeollanam-do, and seaside areas, such as Busan and Incheon,
showed high incidence of gastric cancer, because the population in these areas enjoys highly salted sea food sources
[17]. A Japanese study reported on the relationship between
gastric cancer development and amount of salt intake [18].
In another study, gastric cancer incidence was dramatically
decreased by use of a refrigerator [19]. In some small rural
areas, the traditional food storage methods are now being
used.
Recently, the incidence of colorectal cancer is increasing in
urban areas, which would be associated with westernized
lifestyle, such as eating meats and fast-foods [20]. This is supVOLUME 48 NUMBER 2 APRIL 2016
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Fig. 5. Age-standardized incidence of major cancers in megalopolises and provinces in 2011.

ported by a previous study reporting that colorectal cancer
incidence rates among Japanese immigrants to the United
States were 4-fold higher than those of Japanese in Japan [21].
Different from colorectal cancer, the lung cancer incidence
was slightly decreasing in urban areas, whereas it remains
constant in rural areas. One of the major risk factors of lung
cancer is smoking. The numbers of smokers in the adult population in rural areas are much higher than those in urban
areas [22], and a stop smoking campaign is being conducted
in the large cities for prevention of lung cancer.
Lastly, the incidence of hepatobiliary cancer in Gyeongsangnam-do and Gyeongsangbuk-do was higher than the
nationwide incidence. Clonorchis sinensis infection is known
as a cause of hepatobiliary cancer [23]. The infection rate was
higher in the areas along the Nakdong River than in other
cities [24]. This finding might explain why higher incidence
of hepatobiliary cancer was observed in Gyeongsangnam-do
and Gyeongsangbuk-do.
There are several limitations in this study. First, this study
only investigated the regional cancer incidence obtained
from the Gyeongsangnam-do cancer registration database.
Therefore, we did not validate our findings in other
provinces. However, in this study, by comparing the nationwide incidence, we tried to avoid bias. In addition, we supposed the reasons for the differences in regional cancer
incidence by reviewing other papers. Second, because the
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distribution of risk factors for cancer by region was not
investigated, we found no specific reason why organ-specific
cancer incidence differs according to population size. As
described in the introduction, instead, this study may provide information about which risk factors should be investigated in each region in future epidemiologic studies. The
third limitation is that malignancies other than the top five
cancers were excluded in the analysis. Therefore, further validation studies for other cancers are needed.

Conclusion
In summary, this study suggests that there are some
differences in cancer incidence by population size. In urban
areas, the incidences of thyroid and colorectal cancers were
increasing and the incidences of gastric and lung cancers
were slightly decreasing, whereas the incidences of gastric
and lung cancers still remain high in rural areas. Further
validation study is needed to determine the causes of the
differences in cancer incidence by population size.
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Purpose
The aim of this study was to investigate whether aspirin use can reduce the incidence of
gastric cancer in patients with hypertension or type 2 diabetes.
Materials and Methods
A total of 200,000 patients with hypertension or type 2 diabetes were randomly selected
from the Korean National Health Insurance claim database. Of these, 3,907 patients who
used 100 mg of aspirin regularly (regular aspirin users) and 7,808 patients who did not use
aspirin regularly (aspirin non-users) were selected at a frequency of 1:2, matched by age,
sex, comorbid illnesses (type 2 diabetes and hypertension), and observation periods. The
incidence of gastric cancer in this cohort was then assessed during the observation period
of 2004 to 2010.
Results
In the matched cohort, the incidence rates of gastric cancer were 0.8% (31/3,907) for regular aspirin users and 1.1% (86/7,808) for aspirin non-users, but the cumulative incidence
rates were not significantly different between groups (p=0.116, log-rank test). However, in
multivariate analysis, regular aspirin users had a reduced risk of gastric cancer (adjusted
hazard ratio [aHR], 0.71; 95% confidential interval [CI], 0.47 to 1.08; p=0.107). Duration
of aspirin use showed significant association with reduction of gastric cancer risk (aHR for
each year of aspirin use, 0.85; 95% CI, 0.73 to 0.99; p=0.044), particularly in patients who
used aspirin for more than 3 years (aHR, 0.40; 95% CI, 0.16 to 0.98; p=0.045).
Conclusion
Long-term low-dose aspirin use was associated with reduced gastric cancer risk in patients
with hypertension or type 2 diabetes.
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Introduction
Aspirin has been widely used as an anti-platelet drug for
the primary or secondary prevention of cardiovascular (CV)
events, including ischemic heart disease and stroke. Guidelines recommend prescription of low-dose aspirin for hypertensive patients with history of or at high risk for CV events
[1], as well as diabetic patients, who are at a chronically elevated risk for CV events [2].
In addition to its preventive effects against CV events,
aspirin has been widely investigated as an anti-cancer drug
since the first report of its reduction of colorectal cancer incidence [3]. Indeed, two recent meta-analyses reported association of aspirin use with a reduced risk of various gastrointestinal cancers, particularly colorectal cancer [4,5]. This
anti-cancer activity of aspirin is mainly associated with
blockage of the cyclooxygenase (COX) pathway, an action
also associated with the anti-inflammatory capacity of
aspirin [6,7]. Chronic inflammation plays an important role
in development of gastric cancer, and considerable experimental studies have reported on the association between the
COX-2 pathway and gastric carcinogenesis [8]. In systematic
reviews, epidemiological data corroborate these laboratory
findings, reporting a negative association between gastric
cancer incidence and the use of COX pathway-inhibiting
drugs, including aspirin and non-steroidal anti-inflammatory drugs (NSAIDs). However, the effects of aspirin and
NSAID use on the reduction of gastric cancer risk were
inconsistent according to study types [4,5].
Thus, we investigated the association between long-term,
low-dose aspirin use and gastric cancer incidence using data
from a large cohort of patients with hypertension or type 2
diabetes obtained from the Korean National Health Insurance (KNHI) claim database.

Materials and Methods

Institute Inc., Cary, NC). Using drug codes, patients prescribed 100 mg of commercially available aspirin products
for at least 6 consecutive months were selected. A control
group of aspirin non-users, defined as patients who had
never made claims for aspirin prescription or those who had
claimed payments for less than 6 months of aspirin prescriptions was also identified. However, to avoid the possible confounding effects of NSAIDs, patients who had claims for
regular use of NSAIDs (6 or more consecutive months) were
excluded from both groups. To match aspirin non-users with
regular aspirin users, a frequency-matched sampling with
regular aspirin users was performed, grouped by the distribution of hypertension and type 2 diabetes, age, sex, and
starting time of observation periods and death at a ratio of
1:2 (regular aspirin users: aspirin non-users). Matched sampling enabled selection of units from a large reservoir of
potential controls to produce a control group of modest size
with covariate distributions similar to that of the focal case
group [9]. From this pool of patients, 3,913 regular aspirin
users and 7,822 aspirin non-users were selected. Patients
diagnosed with gastric cancer prior to the start of the observation periods were then excluded. Ultimately, 3,907 regular
aspirin users and 7,808 aspirin non-users were included in
the final cohort (Fig. 1).
Aspirin use or non-use from 1 January 2004, to 31 December 2010 was investigated. For aspirin users, the observation
period for gastric cancer was started only when patients had
claimed payments for aspirin use for 6 consecutive months.
Those observation periods were continued until 31 December 2010 (Fig. 2). In our analyses age, sex, residential area,
co-morbid illnesses (hypertension or type 2 diabetes), and
duration of aspirin use were included as covariates potentially affecting gastric cancer incidence. “Residential area”
was assigned to one of three categories (rural, urban, or metropolitan), according to postal code.
This study was approved by the Institutional Review
Board of the National Cancer Center, Korea (NCCRE-11-003).
Informed consent was waived because the study was based
only on routinely collected administrative data.
2. Database

1. Study population
Because a large number of regular aspirin users were necessary to achieve statistical power, only patients with hypertension or type 2 diabetes were considered; use of regular
aspirin was above average for both groups due to their
increased risk of CV events. The KNHI Corporation provided data on 200,000 patients randomly sampled from all
claimants with a diagnosis of hypertension or type 2 diabetes
(100,000 patients with hypertension and 100,000 with type 2
diabetes) from its database using SAS ver. 9.2 software (SAS

All data used in the current study were obtained from the
KNHI claim database. In Korea, medical services are provided by healthcare providers on a fee-for-service basis, with
reimbursement by the KNHI Corporation, a single payer,
after a claim has been submitted. Therefore, all data necessary for reimbursement for the claimed payments of medical
services were recorded in the KNHI claim database. Those
data included patients’ socio-demographic information,
including sex, age, residential area, disease for which payment is claimed, costs incurred, comorbid diseases, a detailed
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Randomly sampled patients with type 2 diabetes
(n=100,000) or hypertension (n=100,000) from
the KNHI claim database in 2004 (n=200,000)
Excluding patients who had used NSAIDs

1:2 frequency matched sampling by the distribution of
hypertension and type 2 diabetes, age (≥ 35 years),
sex, starting time of observation periods, and death

Aspirin users (n=3,913)

Aspirin non-users (n=7,822)

Excluding patients who had ever diagnosed with
gastric cancer before starting time of observation

Aspirin users (n=3,907)

Aspirin non-users (n=7,808)

Fig. 1. Study flowchart. Patients with hypertension or type 2 diabetes (100,000 patients each) were classified as aspirin users
or non-users. Non-users were matched with users based on demographic and comorbidity covariates. KNHI, Korean
National Health Insurance; NSAIDs, non-steroidal anti-inflammatory drugs.

1st date of payments claimed for aspirin
use for 6 consecutive months
2004

Claimed due to hypertension
or type 2 diabetes

2010

Timing of inclusion for observation

Observation periods

Fig. 2. Observation periods of aspirin users. Claims for aspirin use were investigated in all cohort patients from 2004-2010.
For aspirin users, observation periods for gastric cancer began after 6 consecutive months of payment claims for aspirin and
ended on 31 December 2010. Non-user observation periods began immediately after any claim was made for hypertension
or diabetes. Duration of observation was matched between users and non-users to prevent sampling bias.

list of diagnostic tests, procedures, and prescription provided, and outcomes (deaths). Codes from The International
Classification of Diseases 10th edition [10] were used to identify essential hypertension (I10), type 2 diabetes (E11), and
gastric cancer (C16).
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3. Statistical analyses
Descriptive analyses were performed in order to clarify the
distributions of regular aspirin users and aspirin non-users;
the chi-square test was used for categorical variables and Student’s t test for continuous variables. The Kaplan-Meier

Young-Il Kim, Aspirin Reduces Gastric Cancer Risk

method for life-table estimates and the log-rank test were
used for comparison of the incidence of gastric cancer during
the observation periods. For regular aspirin users, the duration of aspirin use was calculated as the time between the
beginning and end of continuous payment claims for aspirin.
Time to gastric cancer occurrence was defined as a period
from the first date of observation to the date of gastric cancer
diagnosis. All patients were followed until 31 December
2010, except for 1,653 patients who were censored because of
death before that date (566 patients [14.5%] in regular aspirin
users vs. 1,087 patients [13.9%] in aspirin non-users; p=0.407).
A multivariate Cox proportional hazards regression analysis was performed to evaluate the effects of aspirin use on
the incidence of gastric cancer. Before the analysis, the
assumption of proportionality was confirmed by plotting the
log (-log) hazard estimates against observation periods. In
addition, Schoenfeld residuals for each covariate used for
adjustment indicated that the assumption for proportional
hazards was met (p > 0.10 for all covariates). For the multivariate Cox proportional hazards model, the effects of aspirin
use were evaluated using three different models. In model
1, status of aspirin use was incorporated as a categorical variable and evaluated according to the regular use of aspirin
(regular aspirin users vs. aspirin non-users). In model 2,
duration of aspirin use was incorporated as a continuous
variable, an approach that meets the assumption of linearity.
In model 3, duration of aspirin use was divided into four
groups (0.5-1.0 year, 1.1-2.0 years, 2.1-3.0 years, and > 3.0
years) and incorporated as a categorical variable. All statistical analyses were performed using SAS ver. 9.2 software
(SAS Institute Inc.). The criterion for statistical significance
was p < 0.05.

Results
1. Baseline characteristics of the study population
The median age of all included patients was 64 years
(interquartile range [IQR], 56 to 70 years) and the percentage
of male patients was 50.5%. The proportions of patients with
hypertension and type 2 diabetes were 56.9% and 43.1%,
respectively. The mean duration of aspirin use was 2.3 years
for regular aspirin users. No significant differences in age,
sex, or comorbidities were observed between regular aspirin
users and non-users. However, higher rates of urban residency were observed for regular aspirin users compared
with aspirin non-users (45.0% vs. 42.2%, respectively; p=0.014).
Detailed characteristics of cohort patients are summarized in
Table 1.

2. Incidence of gastric cancer according to aspirin use
During the observation periods (median, 6.4 years; IQR,
4.6 to 7.0 years), 117 patients were diagnosed with gastric
cancer (31 patients who were regular aspirin users and 86
who were aspirin non-users). The rate of diagnosis with gastric cancer was lower for regular aspirin users (0.8%) than
aspirin non-users (1.1%), but without statistical significance
(p=0.114) (Table 1). Results of a Kaplan-Meier analysis also
showed no significant difference in the cumulative gastric
cancer incidence between the two groups (p=0.116, by logrank test) (Fig. 3). However, according to each year of observation periods the cumulative incidences tended to be lower
for regular aspirin users than aspirin non-users after each
year of observation periods (Table 2).
3. Factors associated with gastric cancer incidence
Univariate and multivariate analyses were performed to
examine the effects of regular aspirin use on gastric cancer
incidence in the cohort. In model 1, regular aspirin users
tended to have reduced gastric cancer risk in univariate
(crude hazard ratio [cHR], 0.72; p=0.117) and multivariate
analysis (adjusted HR [aHR], 0.71; p=0.107), but these results
were not statistically significant. However, results of multivariate analysis of the duration of aspirin use showed a significant reduction of gastric cancer risk. In model 2, longer
duration of aspirin use showed association with a reduced
risk of gastric cancer in univariate (cHR for each year of
aspirin use, 0.84; 95% confidence interval [CI], 0.72 to 0.98;
p=0.028) and multivariate analyses (aHR for each year of
aspirin use, 0.85; 95% CI, 0.73 to 0.99; p=0.044). In model 3,
regular aspirin users who used aspirin for more than 3 years
had significantly reduced risk of gastric cancer in univariate
(cHR, 0.37; 95% CI, 0.15 to 0.90; p=0.029) and multivariate
analyses (aHR, 0.40; 95% CI, 0.16 to 0.98; p=0.045) (Table 3).
The results of univariate and multivariate analyses for
other covariates are shown in Table 3. In multivariate analysis, both male and rural patients had a significantly increased
risk of gastric cancer. However, age at the time of inclusion
and comorbidities (hypertension or type 2 diabetes) were not
significant factors associated with the risk of developing gastric cancer.

Discussion
Historically, studies of the chemopreventive effects of
aspirin on gastrointestinal cancers have focused on its prevention of colorectal cancer. In recent meta-analyses of both
VOLUME 48 NUMBER 2 APRIL 2016
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Table 1. Baseline characteristics of the study population
Characteristic

Regular aspirin users (n=3,907)

Age, median (IQR, yr)
Sex
Male
Female
Residential area
Metropolitan
Urban
Rural
Comorbidity
Hypertension
Type 2 diabetes
Duration of aspirin use (yr)
0-0.49
0.50-1.00
1.01-2.00
2.01-3.00
> 3.00
Mean±standard deviation
Observation periods, median (IQR, yr)
Gastric cancer occurrence

Aspirin non-users (n=7,808)

64 (56-70)

64 (56-70)

p-value
0.765

1,980 (50.7)
1,927 (49.3)

3,935 (50.4)
3,873 (49.6)

0.774

2,148 (55.0)
1,168 (29.9)
591 (15.1)

4,513 (57.8)
2,198 (28.2)
1,097 (14.1)

0.014

2,208 (56.5)
1,699 (43.5)

4,452 (57.0)
3,356 (43.0)

0.603

0 (0)
1,211 (31.0)
1,038 (26.6)
586 (15.0)
1,072 (27.4)
2.323±1.854
6.4 (4.6-7.0)
31 (0.8)

7,808 (100)
0.003±0.031
6.4 (4.6-7.0)
86 (1.1)

< 0.001

< 0.001
0.977
0.114

Values are presented as number (%) unless otherwise indicated. IQR, interquartile range.

Cumulative incidence (%)

2.0

Aspirin non-users
Aspirin users

p=0.116 by log-rank test

1.5
1.0
0.5
0

0

No. at risk
Aspirin non-users 7,808
3,907
Aspirin users

1

2

7,636
3,824

7,236
3,620

3
4
5
Follow-up (yr)
6,711
3,357

6,205
3,105

5,573
2,792

6

7

4,454
2,230

1,693
846

Fig. 3. Cumulative incidence of gastric cancer according
to aspirin use. The cumulative gastric cancer incidence
rate in aspirin users was not statistically different from
that of non-users (p=0.116, log-rank test).

case-control and cohort studies aspirin use was protective
against colorectal cancer risk [4,5]. However, results for other
gastrointestinal cancers, including gastric cancer, were not
consistent between the case-control and cohort studies. In
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our large, population-based, retrospective cohort study, we
found a significant association of duration of regular, lowdose aspirin use with a reduction of gastric cancer incidence
in patients with hypertension or type 2 diabetes. In addition,
long-term, low-dose aspirin use, particularly that exceeding
three years, resulted in significantly reduced gastric cancer
incidence, with an aHR of 0.40.
Case-control [11-15] and cohort studies [16-19] have previously evaluated the association between aspirin use and
gastric cancer risk. In case-control studies, all studies
reported significant association of aspirin use with a reduction in gastric cancer risk, with odds ratios (OR) ranging from
0.3 to 0.7 [11-15]. However, results from cohort studies were
inconsistent. Studies evaluating the association between
aspirin use more than once [18] or twice [19] per week and
gastric cancer incidence showed that its use significantly
reduced gastric cancer risk (OR, 0.57 to 0.73). On the contrary, studies examining aspirin use more than once per
month [16] or any prescription of aspirin within 1 year of
diagnosis [17] did not report reduced gastric cancer incidence. However, those studies have several limitations. First,
the aspirin dosages were unclear and associations between
aspirin use and cancer incidence were analyzed according to
frequency of aspirin use, such as prescriptions of aspirin per
day, week, or month [11,13,15,18,19]. Second, the definition
of aspirin users varied among studies. Third, most studies

Young-Il Kim, Aspirin Reduces Gastric Cancer Risk

Table 2. Cumulative incidence rate of gastric cancer according to each year of observation periods
Regular aspirin users (n=3,907)

FU year
At 1 yr
At 2 yr
At 3 yr
At 4 yr
At 5 yr
At 6 yr
At 7 yr

Aspirin non-users (n=7,808)

Cumulative gastric
cancer cases

Cumulative rate of
gastric cancer (95% CI, %)

Cumulative gastric
cancer cases

Cumulative rate of
gastric cancer (95% CI, %)

p-value

3
10
15
19
22
28
31

0.08 (0.03-0.24)
0.27 (0.14-0.49)
0.41 (0.25-0.68)
0.53 (0.34-0.83)
0.63 (0.42-0.96)
0.88 (0.60-1.27)
1.05 (0.73-1.51)

13
25
40
56
65
77
86

0.17 (0.10-0.29)
0.33 (0.22-0.48)
0.54 (0.40-0.74)
0.79 (0.61-1.02)
0.94 (0.73-1.19)
1.17 (0.93-1.46)
1.41 (1.13-1.75)

0.028a)

CI, confidence interval; FU, follow-up. a)Univariate Cox-proportional hazard regression analysis.

Table 3. Univariate and multivariate Cox proportional hazard model for incidence of gastric cancer
Variable
Sex
Male
Female
Age at the time of inclusion (yr)
Residential area
Metropolitan
Urban
Rural
Comorbidity
Hypertension
Type 2 diabetes
Status of aspirin use
Model 1 (regular aspirin users)
Duration of aspirin use
Model 2 (continuous variable, yr)
Model 3 (categorical variable)
0.5-1.0 yr
1.1-2.0 yr
2.1-3.0 yr
> 3.0 yr

No.

Person-years

5,915
5,800
11,715

Unadjusted
cHR

95% CI

32,877
32,054
64,931

1.00
0.39
1.02

0.26-0.58
1.00-1.04

6,661
3,366
1,688

36,954
18,622
9,355

1.00
1.10
1.84

6,660
5,055

37,351
27,580

11,715

p-value

Adjusted for Covariates

p-value

aHR

95% CI

< 0.001
0.066

1.00
0.39
1.01

0.26-0.59
0.99-1.03

< 0.001
0.512

0.71-1.69
1.17-2.91

0.676
0.009

1.00
1.07
1.82

0.69-1.64
1.15-2.88

0.773
0.011

1.00
1.38

0.96-1.98

0.081

1.00
1.26

0.87-1.81

0.219

64,931

0.72

0.48-1.09

0.117

0.71

0.47-1.08

0.107

11,715

64,931

0.84

0.72-0.98

0.028

0.85

0.73-0.99

0.044

1,211
1,038
586
1,072

6,134
5,489
3,234
6,802

0.91
0.74
1.09
0.37

0.49-1.71
0.36-1.52
0.51-2.36
0.15-0.90

0.769
0.410
0.823
0.029

0.82
0.71
1.11
0.40

0.44-1.54
0.34-1.46
0.52-2.41
0.16-0.98

0.541
0.349
0.783
0.045

cHR, crude hazard ratio; CI, confidence interval; aHR, adjusted hazard ratio.

included both aspirin and NSAID users.
In contrast, our study has several comparative strengths.
First, only patients who were prescribed 100 mg aspirin were
included, and patients prescribed 300-500 mg aspirin or
NSAIDs were excluded. Second, our study showed longterm effects of regular aspirin use on gastric cancer incidence,
especially when continued for more than 3 years. Our analyses might be sensitive to this phenomenon because we care-

fully defined aspirin users as patients who made claims for
aspirin for at least 6 consecutive months; previous studies
have not made this distinction.
Duration and continuity of aspirin use are crucial variables
when examining the effect of aspirin on gastrointestinal cancers because several years are necessary for the clinical
detection of disease [20]. Indeed, a meta-analysis demonstrated that aspirin use for longer than 5 years reduced colVOLUME 48 NUMBER 2 APRIL 2016
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orectal cancer risk in both case-control and cohort studies [5].
Our study also showed the importance of controlling for duration of use by demonstrating an association of long-term
aspirin use with a significant reduction of gastric cancer risk,
especially for aspirin use of more than 3 years. These results
were consistent with those of previous studies, in which the
duration of aspirin or NSAID treatment significantly reduced
the risk of gastric cancer after 2 years [12,19], 5 years [15], or
10 years [11] of use.
The main mechanism of the cancer-preventing properties
of aspirin and NSAIDs is associated with the blockade of the
COX pathway, which influences various cellular processes,
including inflammation, thrombosis, angiogenesis, apoptosis, and cell proliferation and migration [7]. In gastric cancer,
the expression of COX-2 is highly elevated compared to normal gastric tissues [21], and elevated COX-2 expression is
associated with many elements of gastric carcinogenesis,
including the promotion of cell proliferation, inhibition of
apoptosis, induction of vessel formation, and metastasis [8].
Therefore, the protective effects of aspirin against gastric cancer may be, in part, associated with the blockade of the COX2 pathway.
Previous studies on the short-term use of aspirin as a
chemotherapeutic agent showed that its activity in gastric
cancer depends on anatomic location, Helicobacter pylori
infection status, and histology. Aspirin significantly reduces
the risk of gastric cancer when gastric cancers are located in
the non-cardiac or distal portion of the stomach [11,1315,18,19], when H. pylori infection is also present [13], and
when the cancer shows an intestinal-type histology [19]. In
Korea, the reported rate of cardiac gastric cancer is 7.2%-7.6%
[22,23] of all gastric cancer diagnoses; the remaining proportion consists of non-cardiac gastric cancer diagnoses. In
addition, the seropositive rate of H. pylori among Koreans is
high, with a prevalence of 60% among asymptomatic subjects
aged 16 years or more with no history of H. pylori treatment
[24]. The known chemopreventive effects of aspirin on gastric cancer in H. pylori–positive tissue might contribute to the
protective effects against gastric cancer that we found in our
study of diabetic and hypertensive Koreans. However,
because those data were not available in the KNHI claim
database we were unable to test for differences among
H. pylori infection status, cardiac versus non-cardiac gastric
cancer, or histology type.
The current study has several limitations. First, this study
is a retrospective cohort study. Although the results were
derived from the analyses of a large, matched population,
the possibility of selection bias from the KNHI claim database was unavoidable. Second, our findings may not be
applicable to other geographic areas; the incidence of gastric
cancer in Korea is the highest in the world [25]. Third, the
effect of aspirin use on gastric cancer risk was evaluated in

804

CANCER RESEARCH AND TREATMENT

populations with type 2 diabetes or hypertension, which
might affect the risk of gastric cancer. Thus, the association
between aspirin use and gastric cancer risk reduction could
be different in the general population. Fourth, due to the limitations of the KNHI claim database, the safety of long-term
use of low-dose aspirin within this population was not evaluated. Aspirin use, even low dosages, is associated with gastrointestinal complications, including esophagitis, peptic
ulcers, small and large bowel mucosa damage, and bleeding
[6]. Therefore, despite the CV and cancer-protective benefits
of aspirin use, the risk of adverse events must also be evaluated.

Conclusion
In conclusion, among Korean patients with hypertension
or type 2 diabetes, long-term, low-dose aspirin use was
associated with a reduced risk of gastric cancer. Administration of low-dose aspirin may be a candidate regimen for prevention of gastric cancer in areas where its incidence is high.
However, regarding its use as a chemopreventive agent, further studies evaluating the risk of adverse events may be
needed.
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Purpose
The aim of this study was to examine the health-related behaviors related to a family history
of cancer (FHCA) among Korean women underwent cancer screening.
Materials and Methods
A total of 8,956 women who underwent cancer screenings during 2001-2011 at the
National Cancer Center, Korea, were analyzed. The association between health-related
behaviors and a FHCA were assessed using multivariate logistic regression.
Results
Compared to women with no FHCA, women with FHCA were more likely to smoke (adjusted
odds ratio [aOR], 1.32; 95% confidence interval [CI], 1.06 to 1.65), to be exposed to passive
smoking (aOR, 1.21; 95% CI, 1.15 to 1.65), and less likely to engage in regular exercise
(aOR, 1.20; 95% CI, 1.01 to 1.41). Combined effects of selected health behaviors for FHCA
were significant, although no statistically significant interactions were observed between
selected health behaviors. Compared to women with no FHCA, women with FHCA were more
likely to simultaneously smoke and be exposed to passive smoking (aOR, 1.65; 95% CI,
1.17 to 2.31) and to simultaneously smoke and be physically inactive (aOR, 1.62; 95% CI,
1.00 to 2.64).
Conclusion
The study found that women with a FHCA exhibited unhealthy behaviors compared to
women without FHCA. Higher emphasis on lifestyle modifications using a new standardized
tool is strongly recommended for those with a FHCA, as well as individuals who are at high
risk, together with their family members.

Introduction
A number of studies have investigated the relationship
between risk factors and the prevalence of common chronic
diseases. According to those studies, development of most
chronic diseases such as cardiovascular disease, diabetes
type 2, and stroke, occurs as a result of complicated interactions between genetic, environmental, and lifestyle factors
[1]. Cancer is also a chronic disease, strongly associated with
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modifiable lifestyle factors, such as obesity, physical inactivity, smoking, heavy alcohol intake, and dietary habit [2,3].
Family history of cancer (FHCA) is one of several crucial
risk factors for cancers. For example, development of breast
cancer is two times more likely for women who have first
degree relatives with breast cancer [4], and the risk for
development of gastric cancer is three-fold for individuals
with a positive family history of gastric cancer [5]. In addition, 20% of patients diagnosed with colorectal cancer (CRC)
had a family history of the disease, but only 5% of them were
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single-gene disorders [6]. Thus, because FHCA reflects
heredity, shared familiar environment, and behaviors of
patients, a FHCA has been considered a critical risk factor
for development of cancer [7].
Because FHCA has been considered an important risk factor for cancer, cancer prevention programs for the general
population have included information about a FHCA and its
impact, and have provided education regarding healthy
behaviors, including cancer screening, to the entire population. Several studies have compared the health-related
behaviors of people with and without FHCA. Most studies
have reported that people with a FHCA were more likely to
undergo cancer screening as a primary prevention tool; however, those participants did not significantly engage in
healthy behaviors such as quitting smoking, maintaining a
normal body mass index (BMI), or performing regular physical exercise [8]. However, little is understood of its impacts
on individuals’ health behaviors, even when individuals are
aware of preventive behaviors against cancer and their
FHCA status.
Because a FHCA is a well-known risk factor for cancers,
individuals with a FHCA may be more likely to engage in
healthy behaviors such as avoiding cigarette smoking, maintaining a normal body weight, or performing regular physical exercise. This study examined health-related behaviors
(cigarette smoking, passive smoking, alcohol drinking, maintaining a normal body weight, or performing regular physical exercise) of Korean women who reported having one or
more family members with cancer, compared with health
behaviors of individuals who report no FHCA among cancer
screening examinees at the National Cancer Center (NCC) in
Korea. This study investigated the hypothesis that women
with a FHCA would exhibit healthier behaviors, compared
to those without a FHCA.

Materials and Methods
1. Study subjects
The study population was recruited at the National Cancer
Control Institute, NCC in Korea. Data were collected from
women who underwent cancer screenings between June
2001 and April 2011. The study protocol was approved by
the Institutional Review Boards of the NCC in Korea (NCCNCS-1110320). Written informed consent was obtained from
each study participant. During cancer screenings, study participants were asked to fill in structured questionnaires composed of the following components; socio-demographic
characteristics (e.g., age, education level, occupation, family

income, marital status, and place of residence), health-related
characteristics (e.g., smoking habits, passive smoking, alcohol intake, diet, exercise, participation in health check-ups,
menopause status, birth control use, and breastfeeding), personal medical and disease history, FHCA, and undergoing
cancer screenings.
Study subjects (n=9,506) who marked the question regarding a FHCA were included in the study population. If individuals participated in cancer screening more than one time,
first data among several examinations were included in this
analysis. All degrees of family relationship (first-degree: parents, siblings, and children; second-degree: grandparents,
aunts and uncles; and other degree: cousins, nephews, and
the other biological relatives) and all types of cancer history
were considered. To avoid bias, 550 women with a personal
history of any cancer were excluded. In total, 8,956 women
were selected for the analysis, and of these, 5,281 had a
FHCA.
2. Measures
The following variables were examined age, monthly family income, education level, BMI, number of children,
menopause status, smoking, passive smoking, alcohol intake,
regular physical activity, family history of any cancer, and
family histories of cancer types among women with a FHCA.
Information on smoking habits, alcohol intake, and exposure
to passive smoke was collected across three categories: current, former, and never. For this study, former and never
users were reclassified as non-users. Only current users were
considered as the categories of drinker, smoker, and passive
smoker. The variable of passive smoking included both family and workplace exposure. BMI was calculated using
patients’ height and weight measured during cancer screening at the NCC. For logistic regression, BMI was categorized
according to two levels: non-overweight (less than 23 kg/m2,
normal, and underweight) and overweight (more than
23 kg/m2, overweight, and obesity). This standard followed
the Asian population criteria (underweight, < 18.5 kg/m2;
normal range, 18.5-22.99 kg/m2; overweight, 23-24.99 kg/m2;
and obesity, " 25 kg/m2) [9,10]. Height and weight of participants were measured at the NCC to avoid bias due to selfreport. The question regarding regular physical activity
asked whether or not the respondents were exercising regularly. This question was not asked from 2004 to 2007 due to
revised versions of questionnaires. The continuous age variable was converted into categorical variables of five levels
(below 30, 30-39, 40-49, 50-59, and 60 and higher). Monthly
family income was initially collected as Korean currency, but
it was recalculated to approximate US dollars for this study.
We examined two variables of FHCA according to two categories: 1, family history of any cancer; 2, FHCA for each canVOLUME 48 NUMBER 2 APRIL 2016
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cer site (stomach, colorectal, liver, lung, breast, cervical, and
other cancers). These seven categories of cancer type were
recoded according to the criteria of the Korean Central Cancer Registry [11]. FHCA sites included all degrees of history.

test for ORs of smoking or passive smoking when stratified
according to the status of passive smoking, alcohol intake,
BMI " 23 kg/m2, and exercise. All analyses were performed
using SPSS ver. 20.0 (IBM Co., Armonk, NY) and STATA ver.
12.0 (StataCorp., College Station, TX).

3. Statistical analysis
Statistical significance was assessed by chi-square test with
the following demographic variables: age (less than 30,
30-39, 40-49, 50-59, and 60 and higher), education level (less
than high school, high school, and higher than high school),
family monthly income (less than 1,000, 1,000-1,990, 2,0003,990, 4,000-6,990, and higher than 7,000 USD), BMI (underweight, < 18.5 kg/m2; normal, 18.5-23 kg/m2; overweight,
23-25 kg/m2; and obesity, " 25 kg/m2), number of children
(0, 1-2, 3-4, and 5-9), and menopausal status (no and yes).
To examine the association between health behaviors in
relation to a FHCA, multiple logistic regression was performed with the following five health behavior variables: (1)
smoking (current vs. non-smoking), (2) passive smoking (yes
vs. no), (3) alcohol intake (current vs. non-drinking), (4) BMI
(non-overweight < 23 kg/m2 vs. overweight " 23 kg/m2),
and (5) regular daily exercise (yes vs. no). Selected dependent
variables consisted of two categories: (1) family history of
any cancer (first-degree, second-degree, and other-degree),
(2) six major cancers (stomach, colorectal, liver, lung, breast,
and cervical), and other cancers. Odds ratios (ORs) and 95%
confidence intervals (CIs) of FHCA and six major cancers
were estimated with no family history of any cancer as a reference category. All variables in this analysis were adjusted
for age, family monthly income, education, smoking status,
passive smoking status, alcohol drinking status, BMI, the
number of children, job status (no and yes), and history of
chronic diseases (no and yes), as categorical types. Cochran
Mantel-Haenszel tests were also performed for homogeneity
of the associations with selected health behaviors across cancer screening year by fitting a model using ordinal values.
p-values were all more than 0.05, then the analyses were performed in combined dataset by year.
To assess the combined effect of smoking, passive smoking, alcohol intake, BMI " 23 kg/m2, and exercise, multivariate logistic regression was performed on the additive scaled
model of the health behaviors: e.g., no smoking and no alcohol drinking (OR1), smoking and no alcohol drinking (OR2),
no smoking and alcohol drinking (OR3), and smoking and
alcohol drinking (OR4). ORs and 95% CIs were estimated
with the combination of no smoking and no alcohol drinking
(OR1) as a reference category. All variables were adjusted for
the previously indicated covariates. The p for interaction was
determined by multivariate logistic regression analysis for a
multiplicative term (ex., smoking!alcohol drinking). The p
for homogeneity was determined using the Mantel-Haenszel
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Results
1. FHCA among cancer screening examinee
Table 1 shows demographic variables between women
with and without a FHCA. Of a total of 8,956 subjects in the
study population, 59% had a family history of any cancer,
20% for stomach cancer (n=1,822). Cervical cancer was the
least prevalent type of cancer in the group of women with a
FHCA (6%, n=576). Regarding age, nearly 40% of women
were 40 to 49 years old, and less than 1% were under 30.
Approximately 80% of women had at least completed high
school. On average, less than 20% of women had not completed high school, whereas more than 40% of women had
some university-level education. However, women with relatives with breast and colorectal cancers had a higher
education level (52%, p < 0.01) than other cancer sites, while
only 38% of women with no FHCA had college/university
degrees. Approximately 84% of women had more than 2,000
US dollars of monthly family income. More than 20% of
women in each cancer site were recorded as obese, i.e., " 25
kg/m2. In particular, women with no FHCA showed higher
obesity rates (23%) than women with a family history of
other cancer sites. Approximately 62% of participants had
one or two children, and nearly 13% had no children. However, 24% of women with a family history of cervical cancer
had no children. The ratio of women who had reached
menopause was approximately 57% in women with no
FHCA and 51% in women with a FHCA (p < 0.01).
2. Association between health behaviors and a FHCA
Compared to women with no FHCA, women with FHCA
were more likely to smoke (adjusted odds ratio [aOR], 1.32;
95% CI, 1.06 to 1.65), to be exposed to passive smoking (aOR,
1.21; 95% CI, 1.15 to 1.65), and less likely to engage in regular
exercise (aOR, 1.20; 95% CI, 1.01 to 1.41) (Table 2). Women
with a family history of colorectal or cervical cancer were
more likely to smoke (colorectal cancer: aOR, 1.90; 95% CI,
1.33 to 2.72; cervical cancer: aOR, 1.66; 95% CI, 1.10 to 2.51;
other cancers: aOR, 1.53; 95% CI, 1.15 to 2.03), and those with
a family history of stomach, liver or lung cancer were more
likely to be exposed to passive smoking (stomach: aOR, 1.39;

67 (1.3)
1,077 (20.4)
2,123 (40.2)
1,471 (27.8)
543 (10.3)
0.004
900 (17.8)
1,936 (38.3)
2,223 (43.9)
< 0.001
158 (3.5)
514 (11.5)
1337 (29.9)
1799 (40.2)
655 (14.9)
0.324
250 (4.8)
2,700 (51.2)
1,199 (22.7)
1,123 (21.3)
0.189
693 (13.5)
3226 (63.0)
1,088 (21.3)
110 (2.2)
< 0.001
1,929 (50.7)
1,874 (49.3)
< 0.001

41 (1.1)a)
663 (18.1)
1,451 (39.5)
1,070 (29.1)
450 (12.2)

720 (20.6)
1,445 (41.5)
1,321 (37.9)

132 (4.3)
366 (12.1)
914 (30.1)
1,192 (39.3)
430 (14.2)

166 (4.5)
1,817 (49.5)
839 (22.9)
849 (23.1)

418 (11.7)
2142 (60.2)
904 (25.4)
97 (2.7)

1,491 (57.4)
1,106 (42.6)

693 (50.5)
679 (49.5)
< 0.001

221 (12.6)
1074 (61.1)
418 (23.8)
43 (2.5)
0.489

97 (5.3)
893 (49.0)
424 (23.3)
407 (22.4)
0.549

68 (4.4)
199 (12.8)
472 (30.3)
615 (39.6)
200 (12.9)
0.777

352 (20.0)
681 (38.8)
724 (41.2)
0.061

26 (1.4)
371 (20.4)
713 (39.1)
503 (27.6)
209 (11.5)
0.194

1,822 (20)

Stomach

242 (48.6)
256 (51.4)
< 0.001

109 (15.7)
442 (63.6)
129 (18.6)
15 (2.1)
< 0.001

32 (4.5)
406 (57.0)
133 (18.7)
141 (19.8)
0.003

13 (2.2)
62 (10.3)
170 (28.3)
254 (42.2)
102 (17.0)
0.020

95 (13.9)
240 (35.0)
351 (51.1)
< 0.001

14 (2.0)
151 (21.1)
281 (39.4)
194 (27.2)
74 (10.3)
0.059

714 (8)

Colorectal

311 (45.3)
376 (54.7)
< 0.001

102 (11.7)
582 (67.0)
162 (18.6)
23 (2.7)
< 0.001

53 (5.9)
459 (51.0)
211 (23.5)
176 (19.6)
0.061

32 (4.2)
84 (10.9)
225 (29.3)
313 (40.7)
115 (14.9)
0.835

135 (15.8)
347 (40.6)
372 (43.6)
0.001

14 (1.6)
189 (21.0)
384 (42.7)
234 (26.0)
78 (8.7)
0.002

899 (10)

Liver

338 (48.0)
366 (52.0)
< 0.001

108 (11.9)
583 (64.4)
198 (21.9)
16 (1.8)
0.039

45 (4.8)
460 (49.5)
213 (22.9)
212 (22.8)
0.978

33 (7.1)
79 (9.8)
243 (30.3)
340 (42.3)
108 (13.5)
0.340

158 (17.6)
333 (37.0)
408 (45.4)
< 0.001

16 (1.7)
208 (22.4)
365 (39.3)
251 (27.0)
90 (9.6)
0.005

930 (10)

Lung

209 (51.1)
200 (48.9)
0.017

89 (15.8)
359 (63.6)
108 (19.2)
8 (1.4)
< 0.001

25 (4.3)
322 (55.6)
123 (21.3)
109 (18.8)
0.038

17 (3.4)
62 (12.4)
144 (28.9)
202 (40.5)
74 (14.8)
0.833

73 (13.0)
196 (35.0)
291 (52.0)
< 0.001

8 (1.4)
133 (22.9)
219 (37.8)
158 (27.2)
62 (10.7)
0.069

580 (6)

Breast

155 (48.3)
166 (51.7)
0.002

137 (24.4)
321 (57.0)
97 (17.2)
8 (1.4)
< 0.001

24 (4.2)
307 (53.5)
122 (21.2)
121 (21.1)
0.365

17 (3.5)
53 (11.0)
139 (28.7)
192 (39.7)
83 (17.1)
0.412

85 (15.5)
213 (38.8)
251 (45.7)
0.001

5 (0.9)
107 (18.6)
240 (41.6)
167 (29.0)
57 (9.9)
0.515

576 (6)

Cervical

643 (48.8)
646 (51.2)
< 0.001

168 (10.5)
1,077 (67.4)
322 (20.2)
30 (1.9)
< 0.001

72 (4.4)
852 (51.7)
361 (21.9)
364 (22.0)
0.541

44 (3.1)
139 (9.7)
447 (31.4)
598 (42.0)
197 (13.8)
0.029

238 (15.0)
610 (38.3)
743 (46.7)
< 0.001

28 (1.7)
334 (20.2)
397 (42.2)
444 (26.9)
149 (9.0)
< 0.001

1,352 (15)

Others

Values are presented as number (%). a)The number of subjects and percentage are provided in the table, only the variables available were used in this study,
b)
p-values were determined using a !2 test, c)Body mass index categories followed the Korean standard (< 18.5 kg/m2, underweight; 18.5-22.99 kg/m2, normal range;
23-24.99 kg/m2, overweight; and " 25 kg/m2, obesity).

5,281 (59)

3,675 (41)

Total
Age (yr)
< 30
30-39
40-49
50-59
" 60
p-valueb)
Education (yr)
<9
9-12
" 13
p-value
Family monthly income (USD)
< 1000
1,000-1,990
2,000-3,990
4,000-6,990
" 7,000
p-value
Body mass index (kg/m2)c)
< 18.5
18.5-22.9
23-24.9
" 25
p-value
No. of children
None
1-2
3-4
5-9
p-value
Menopause status
Yes
No
p-value

Any family
history

No family
history

Characteristic

Family history of cancer (n=8,956)

Table 1. Characteristics of study subjects according to family history of cancer, National Cancer Center, Korea, 2001-2011

Youngsun Ham, Family Cancer History and Health Behaviors
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2,551 (51.9)
2,362 (48.1)
0.98 (0.88-1.08)
0.176
2,950 (56.0)
2,322 (44.0)
1.03 (0.92-1.15)
0.111
777 (47.8)
849 (52.2)
1.20 (1.01-1.41)
0.4376

1,952 (55.5)
1,566 (44.5)
1.00 (ref)

1,983 (54.0)
1,688 (46.0)
1.00 (ref)

432 (50.7)
711 (49.3)
1.00 (ref)

240 (46.1)
281 (53.9)
1.25 (0.99-1.58)
0.222

990 (54.4)
831 (45.6)
1.07 (0.93-1.24)
0.175

901 (52.8)
805 (47.2)
0.96 (0.83-1.10)
0.392

3,216 (61.1)
1,053 (58.0)
2,050 (38.9)
763 (42.0)
1.21 (1.15-1.65) 1.39 (1.21-1.61)
0.176
0.392

2,473 (67.5)
1,191 (32.5)
1.00 (ref)

Stomach

4,333 (92.8)
1,501 (93.6)
338 (7.2)
103 (6.4)
1.32 (1.06-1.65) 1.21 (0.90-1.62)
0.176
0.392

Any family
history

3,236 (94.7)
179 (5.3)
1.00 (ref)

No family
history

118 (48.6)
125 (51.4)
1.31 (0.95-1.80)
0.554

438 (61.5)
274 (38.5)
0.84 (0.68-1.05)
0.798

331 (49.4)
339 (50.6)
1.11 (0.90-1.35)
0.718

454 (63.6)
260 (36.4)
1.12 (0.91-1.38)
0.718

583 (90.3)
63 (9.7)
1.90 (1.33-2.72)
0.718

Colorectal

104 (42.6)
140 (57.4)
1.48 (1.08-2.02)
0.321

512 (57.0)
387 (43.0)
1.03 (0.85-1.25)
0.421

427 (51.3)
406 (48.7)
0.96 (0.80-1.15)
0.719

518 (57.8)
378 (42.2)
1.32 (1.09-1.59)
0.719

723 (91.9)
64 (8.1)
1.38 (0.96-1.98)
0.719

Liver

129 (46.4)
149 (53.6)
1.21 (0.90-1.62)
0.136

505 (54.3)
425 (45.7)
1.17 (0.97-1.40)
0.138

454 (51.5)
427 (48.5)
0.98 (0.82-1.18)
0.112

508 (54.7)
420 (45.3)
1.57 (1.31-1.88)
0.112

763 (92.5)
62 (7.5)
1.37 (0.96-1.96)
0.112

Lung

85 (46.7)
97 (53.3)
1.49 (1.03-2.15)
0.510

347 (60.0)
232 (40.0)
0.97 (0.77-1.22)
0.532

279 (51.4)
264 (48.6)
1.03 (0.82-1.28)
0.630

367 (63.5)
211 (36.5)
1.10 (0.87-1.39)
0.630

483 (93.4)
34 (6.6)
1.09 (0.68-1.75)
0.630

Breast

Others

36 (52.2)
33 (47.8)
0.89 (0.51-1.54)
0.940

331 (57.7)
243 (42.3)
1.03 (0.81-1.30)
0.207

269 (54.1)
228 (45.9)
0.80 (0.64-1.01)
0.395

386 (67.4)
187 (32.6)
1.06 (0.83-1.36)
0.359

289 (50.7)
281 (49.3)
1.04 (0.83-1.30)
0.417

924 (56.0)
725 (44.0)
1.09 (0.93-1.26)
0.423

793 (50.3)
784 (49.7)
1.00 (0.86-1.15)
0.604

923 (56.0)
724 (44.0)
1.34 (1.15-1.55)
0.604

460 (91.3)
1,350 (91.8)
44 (8.7)
120 (8.2)
1.66 (1.10-2.51) 1.53 (1.15-2.03)
0.395
0.604

Cervical

Values are presented as number (%) or aOR (95% CI). a)Smoking was defined as a current status of tobacco smoking, b)Adjusted odd ratio (aOR) and 95% confidence
interval (CI) was estimated with none smoker, no passive smoking, no alcohol intake, < 23 kg/m2, and exercise as reference categories. All variables were adjusted
by age, family monthly income, education level, smoking status, passive smoking, alcohol consumption, body mass index, the number of children, job status, and
history of chronic diseases as categorical types, c)p-values were determined using a goodness of fit, d)Passive smoking was defined as exposure to second-hand
smoking in home or work place, e)Alcohol was defined as a current status of alcohol consumption, f)Body mass index categories followed the Korean standard:
< 23 kg/m2 (non-overweight, no), " 23 kg/m2 (overweight, yes), g)Daily exercise was defined as performing regular exercise.

Smoking statusa)
Non-smoker
Current smoker
aOR (95% CI)b)
p-valuec)
Passive smokingd)
No
Yes
aOR (95% CI)b)
p-valuec)
Alcohol drinkinge)
No
Yes
aOR (95% CI)b)
p-valuec)
Body mass indexf)
< 23 kg/m2
" 23 kg/m2
aOR (95% CI)b)
p-valuec)
Daily exerciseg)
Yes
No
aOR (95% CI)b)
p-valuec)

Characteristic

Family history of cancer (n=8,956)

Table 2. Multivariate-adjusted odds ratio of family history of any cancer and cancer sites for selected health behaviors, National Cancer Center, Korea, 2001-2011

Cancer Res Treat. 2016;48(2):806-814

Youngsun Ham, Family Cancer History and Health Behaviors

95% CI, 1.21 to 1.61; liver: aOR, 1.32; 95% CI, 1.09 to 1.59;
lung: aOR, 1.57; 95% CI, 1.31 to 1.88; other cancers: aOR, 1.34;
95% CI, 1.15 to 1.55). Women with a family history of liver
or breast cancer were physically inactive (liver: aOR, 1.48;
95% CI, 1.08 to 2.02; breast: aOR, 1.49; 95% CI, 1.03 to 2.15).
The combined associations of selected health behaviors
with the FHCA are shown in Table 3. Overall, we found a
combined effect of selected health behaviors for the FHCA,
although there were no statistically significant interactions.
Compared to women with no FHCA, women with a FHCA
were more likely to simultaneously smoke and be exposed
to passive smoking (aOR, 1.65; 95% CI, 1.17 to 2.31) and to
simultaneously smoke and be physically inactive (aOR, 1.62;
95% CI, 1.00 to 2.64). Although alcohol drinking and obesity,
respectively, were not significantly associated with the
FHCA, combined effect of smoking and passive smoking
showed significant association.

Discussion
The aim of this study is to test the hypothesis that individuals at risk due to a FHCA are more health-conscious and
may be more likely to engage in healthy behaviors such as
avoiding cigarette smoking, maintaining a normal body
weight or performing regular physical exercise. Contrary to
our hypothesis, we found that women with any FHCA were
more likely to smoke and to be exposed to passive smoking,
and less likely to engage in regular exercise than those without a FHCA. In addition, women with a family history of
liver or breast cancer were more physically inactive than
those without. Women with a family history of colorectal or
cervical cancer were more likely to smoke, and those with a
family history of stomach, liver, or lung cancer were more
likely to be exposed to passive smoking, compared to women
with no FHCA. Previous studies found that study subjects
were not less likely to maintain healthy behaviors, such as
physical activity, dietary habits, smoking, and alcohol consumption [8,12-14]. In some of these studies, findings were
drawn from women of higher socioeconomic status or a single institute [12], these findings may not be generalizable to
the entire or other populations, including ours. Although our
finding of health behavior (smoking, obesity, physical activity, and alcohol consumption) in relation to FHCA are generally similar to those from other recent studies [8,12-14], our
finding on passive smoking appears to be novel. To the best
of our knowledge, this finding is among of the first to be presented for individuals with an FHCA. In addition, this finding strengthens the evidence on all health behaviors and
FHCA among women with cancer screening.

Our study population consisted of individuals who underwent cancer screening, meaning they would be more aware
of cancer prevention and have more knowledge of prevention practices as compared to the general population. To verify this assumption, we examined the following features of
our study population: family income level, level of education, and rate of FHCA. First, this population has a higher
level of income than the general population [15]. According
to two studies investigating the relationship between healthier behaviors and socio-demographic factors in the general
population in Korea, higher-income men and women
showed healthier behaviors, such as participation in cancer
screening [16] and physical activity, compared to lower
income populations [16,17]. Second, our study subjects had
a higher education level than the general population (Table 1)
[17]. According to a Korean population study, individuals
younger than 49 years with a post-high school education
level were more likely to seek cancer information [18]. Consequently, one can assume that awareness of healthy lifestyle
behaviors is more prevalent in this study population than in
the general population. Therefore, conduct of the study with
this special population would be worthwhile for assessment
of our current cancer prevention programs in Korea.
Taken together, our findings do not support our hypothesis that individuals with a FHCA may show more protective
behaviors as compared to those without, although they were
aware of a FHCA. Some studies have found that only 5% of
CRC cases among people with a FHCA were associated with
a single-gene mutation [6], indicating that most cancer cases
develop by multifactorial interaction, such as smoking,
heavy alcohol drinking, physical inactivity, larger waist circumference, obesity, and genetic factors. As study revealed,
our population with a FHCA may also be more likely to be
exposed to a higher risk environment, which leads to obtaining cancer in their families. This assumption could be well
explained by passive smoking [19], because exposure to secondary smoking in families in Korea is strongly related to
familiar environment, particularly for housewives due to traditional cultural background, such as patriarchal Confucianism.
A misconception about family history is also a possible reason that people do not change their risky behaviors to healthier ones. A study conducted in the United States assessing
individuals’ perceptions regarding the cause of cancer found
that a majority of women considered heredity the most
important factor in development of breast and CRC (84.4%,
78.5%), followed by lifestyle behaviors such as unhealthy
dietary habits (46.4%, 69.7%), smoking (58.3%, 50.8%), and
physical inactivity (35.7%, 44.3%) [20]. However, for example, only 20% of CRC cases are actually related to a FHCA
[6], that is, all other cases are associated with environmental
or lifestyle risk factors that are amenable to intervention [21].
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-

-

1.29 (0.97-1.72)
0.082 (

1.0 (ref)

No

-

1.20 (1.07-1.35)
0.002f) (
1.65 (1.17-2.31)
0.004 (
0.801 (
0.624 (

Yes

Passive smokinga)

1.09 (0.94-1.27)
0.250 (

1.0 (ref)

1.08 (0.72-1.62)
0.696 (

1.0 (ref)

No

0.91 (0.80-1.03)
0.143 (
1.22 (1.04-1.43)
0.012 (
0.060 (
0.035 (

0.96 (0.86-1.07)
0.482 (
1.38 (1.06-1.80)
0.017 (
0.253 (
0.922 (

Yes

Alcohol drinkingb)

1.22 (1.06-1.41)
0.006 (

1.0 (ref)

1.22 (0.93-1.61)
0.147 (

1.0 (ref)

No

1.04 (0.91-1.18)
0.592 (
1.23 (1.04-1.45)
0.011 (
0.804 (
0.827 (

1.02 (0.91-1.13)
0.790 (
1.54 (1.06-2.25)
0.024 (
0.359 (
0.098 (

Yes

BMI ! 23 kg/m2c)

0.87 (0.53-1.45)
0.601 (

1.0 (ref)

1.13 (0.69-1.84)
0.629 (

1.0 (ref)

Yes

1.19 (1.01-1.41)
0.040 (
1.08 (0.63-1.84)
0.786 (
0.932 (
0.467 (

1.18 (1.00-1.40)
0.054 (
1.62 (1.00-2.64)
0.053 (
0.575 (
0.573 (

No

Daily exercised)

Passive smoking was defined as being exposed to second-hand smoking at home or in the work place, b)Alcohol was defined as a current status of alcohol consumption, c)Body mass index (BMI) categories followed the Korean standard: < 23 kg/m2 (non-overweight, no), " 23 kg/m2 (overweight, yes), d)Daily exercise was
defined as performing regular exercise, e)Smoking was defined as a current status of tobacco smoking, f)Odd ratio (OR) and 95% confidence interval was estimated
with the combination of no smoking and no passive smoking as a reference. All variables were adjusted for age, family income level, education level, smoking status,
passive smoking status, alcohol consumption status, BMI, parity, job status, and history of other diseases, as categorical types, g)p for interaction was for a multiplicative
term (ex., smoking!passive smoking), h)p for homogeneity was from the Mantel-Haenszel test for ORs of smoking after stratified by the status of passive smoking,
alcohol, BMI " 23 kg/m2, and exercise.

a)

p for interaction
p for homogeneity

Yes

p for interactiong)
p for homogeneityh)
Passive smoking
No

Yes

Smoking
No

e)

Characteristic

Table 3. Combined effect of selected health behaviors for family history of cancer, National Cancer Center, Korea, 2001-2011
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Regarding that misconception, the reason people strongly
believe that heredity of cancer rather than lifestyle factors are
causes of development of cancer has not yet been elucidated.
One assumption is that people may tend to think that “there
is nothing you can do about it” because they look upon diseases caused by genes as uncontrollable [22]. According to a
recent study, women are likely to consider personal behavior
or lifestyle as largely irrelevant to the development of cancer
(OR, 1.24; 95% CI, 1.01 to 1.52) [23]. This common perception
might also explain why the participants in our study did not
engage in lifestyle modification despite their FHCA state.
There are other possible explanations as to why people
who are aware that they are at higher risk of developing cancer, may not engage in lifestyle modification. One explanation for this lifestyle rigidity derives from the psychological
hypothesis of “choice overload,” a theory which states that
too much choice may lead to indecisiveness [24]. The causes
of any cancer are often multifactorial, and the general population has been educated on all possible causes and how to
avoid cancer. For example, development of CRC may be
associated with a number of interacting genetic and lifestyle
factors such as over-consumption of red and processed meat,
overweight, or smoking [21]. Therefore, the choices of
healthy lifestyle modifications might be overwhelming. One
must maintain a normal range of weight, healthy regulation
of red meat and alcoholic intake. In addition, cancer can be
cured, if it is detected at an early stage, so that populations
at high risk of cancer may consider cancer screenings as their
best preventive option in terms of cost-effectiveness.
Another potential explanation for the low level of adherence to healthy lifestyle options among women with a FHCA
in our study population was restricted focus of the National
Cancer Control Program (NCCP) on cancer-screening programs with lower priority given to education campaigns. For
example, when patients with a FHCA see doctors, clinicians
advocated more regular cancer screening rather than encouraging patients to change lifestyles, and cancer screening is
common for the general population in Korea. This is because
it is an easier way to persuade patients to undergo cancer
screenings within a short time than to encourage patients to
change their lifestyle. Cancer screening is the most effective
method for detection of cancer; however, this might not be a
tool for primary prevention of cancer. Therefore, lifestyle
modifications should be the first consideration for the public.
Thus, the following is suggested: clinicians and patients with
a FHCA should perceive that a FHCA is not just a cause of
developing cancers, but it is a warning sign to those with
fixed unhealthy behaviors, which might be changed. In
addition, there is a need for development of standardized
tools/guidelines, which can be useful in collection of information on FHCA from the patients and in providing them
with accurate information as a primary prevention setting

[25].
The results of this study had limitations. Subjects included
in this study were limited only to a single institute and to
women, therefore findings from this study may not be generalized to the entire Korean population. Nevertheless, this
study comprised relatively larger samples, and potential
effects of confounding variables including age, family
income, education, occupation, and a personal history of
other chronic diseases were examined. FHCA was not verified against medical records or cancer registry data, thus
under- or over-reporting remained in this analysis.

Conclusion
In conclusion, this study found that women with a FHCA
did not show healthier behaviors compared to women without a FHCA, although a FHCA is among the well-known risk
factors of cancers. FHCA indicates a large amount of information in terms of genetic, environmental, and behavioral
factors that can cause cancer. Hence, our findings suggest
that providing accurate knowledge regarding the implications of a FHCA by health professionals and the media
should be provided to the general population at the primary
intervention level. Therefore, it is necessary to build a new
standardized tool for individuals with a FHCA to provide
accurate information and to be able to engage in healthier
behaviors for prevention of cancers. This provides a strong
rationale for emphasizing lifestyle modifications which can
be followed by individuals at high risk of developing cancer,
and by population level.
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Purpose
Early diagnosis and an improved survival rate have emerged as important issues for cancer
survivors returning to work during the prime of their working life. This study investigated the
attitudes of the general public towards cancer survivors returning to work in Korea and
attempted to identify the factors influencing this negative attitude.
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Materials and Methods
A general public perception survey regarding cancer survivors returning to work, targeting
2,000 individuals between 40-70 years of age, was conducted as face-to-face home visit.
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Results
The public expressed a negative attitude towards cancer survivors returning to work, in
terms of both perception and acceptance. Negative perception was higher among those in
metropolitan areas compared with urban/rural areas (odds ratio [OR], 1.71), with monthly
incomes < $2,000 compared with > $4,000 (OR, 1.54), and with patient care experience
compared with those without (OR, 1.41). Negative acceptance was higher among those
with monthly incomes < $2,000 compared with > $4,000 (OR, 1.71) and those with patient
care experience compared with those without (OR, 1.54). The common factors between
acceptance and perception that influenced negative attitude included area of residence,
patient care experience, and monthly income.
Conclusion
This study identified negative attitudes towards cancer survivors returning to work in South
Korea and the factors influencing the reintegration of cancer survivors into society. It is necessary to promote community awareness and intervention activities to enable access to
community, social, and individual units for the social reintegration of cancer survivors.

Introduction
Early diagnosis combined with improved cancer treatments has increased the lifespan of most patients (up to 65%)
to more than 5 years from the time of diagnosis. Due to
screening and treatment improvements, it is estimated that
there are over 1 million cancer survivors in South Korea [1].
The prevalence of cancer increases with age although 47.3%
of cancer patients are diagnosed between the ages of 20-60
│ http://www.e-crt.org │

Key words
Attitude, Return to work, Survivors, Social stigma

years [1]. These survivors are in their working prime; therefore cancer diagnosis has an effect on employment [2]. A
cohort study of South Korean cancer patients found that 47%
lost their jobs after being diagnosed with cancer and only
30.5% returned to work [3]. While the global average return
to work rate for cancer survivors is 63.5% (ranging from 24%
to 94%) [4], the rate for Koreans is only half that.
Many cancer survivors experience problems with employment and discrimination in social activities due solely to
having cancer, which affects their quality of life (including
Copyright ⓒ 2016 by the Korean Cancer Association
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Starts survey
Revisit

Unknown if housing
unit (n=2,872)

Visit house

Refusal and break off
(n=2,851)

Confirm eligible
respondent

Unknown if eligible
respondent (n=1,521)

Contact eligible
respondent

Non-contact
(n=319)

Contact eligible
respondent

Others (drinken,
language difficulties)
(n=60)

Complete interview
(n=2,000)

Fig. 1. Flow chart of study population.

employment) [5]. In the United States especially, nearly
18.0% of cancer survivors experienced employment difficulties due to having cancer [5].
Whether cancer survivors can lead successful lives in their
local communities depends on general public understanding
and active acceptance of their situation [6]. The negative
attitudes of the public can lead to negative decision-making,
excluding certain groups from social participation, thereby
alienating them from society. However, few studies of public
attitudes towards cancer survivors returning to work based
on social and cultural factors have been conducted. Previous
studies have assessed the existing attitudes of the public
towards cancer survivors returning to work. However, an
analysis by Chen et al. [2] was not able to identify the factors
responsible for the negative attitude of the public in Singapore, and Cho et al. [7] was not enough to deal with the
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return to the work issues of cancer stigma in Korea. This
marks the first study to evaluate, using a nationwide survey,
the negative attitudes of the public towards cancer survivors
returning to work and the factors that influence those attitudes.

Materials and Methods
1. Study design and population
To investigate public attitudes towards cancer survivors
returning to work, 2,000 people 40-70 years of age were surveyed from November 1 to December 31, 2012. Using strati-

Hye-Young Shim, Negative Public Attitudes towards Cancer Survivors Returning to Work

Table 1. Exploratory factor analysis of public attitudes towards cancer survivors
Cancer patients should retire early
Since cancer patients feel weak, their coworkers may feel weak as well
Companies should consider cancer patients first during layoffs
Since cancer patients are less competitive, they should depend on their families,
instead of re-entering society
Trouble working due to post-treatment depression in cancer patients
Less confidence at work among cancer patients
Poor performance of cancer patients due to lack of concentration and memory loss
Companies should hire healthy new employees rather than experienced cancer patients
Lower ability of cancer patients to work due to pain after treatment
Feelings of discomfort when seeing wigs and hats on cancer patients during work
Even though most cancer patients want to work, there might not be much work
available for them
I feel insecure about the job abilities of coworkers who have cancer
Employees with cancer should be considerate of their coworkers by not attending
corporate events
A work environment should be created such that coworkers with cancer can work as
ordinary employees
I agree that coworkers with cancer should be entitled to promotions
A resting place should be provided for coworkers with cancer in the workplace
I agree on a reduction in work hours for coworkers with cancer at the same pay
I agree that coworkers with cancer should be entitled to special long-term vacations over
6-month periods
Cancer patients should be given equal promotional opportunities
Eigenvalues
Total variance (%)
Cumulative variance (%)
KMO=0.879, Bartlett’s !2=10,013.142 (p < 0.001)

Factor 1

Factor 2

Mean±SD

0.704
0.700
0.700
0.689

–0.036
0.018
–0.059
0.093

2.34±0.78
2.39±0.83
2.25±0.77
2.37±0.81

0.681
0.681
0.677
0.657
0.621
0.616
0.594

0.144
0.109
0.107
0.078
0.137
–0.102
–0.030

2.67±0.81
2.58±0.84
2.72±0.80
2.53±0.80
2.81±0.72
2.36±0.83
2.55±0.75

0.419
0.411

–0.021
0.311

2.47±0.71
2.53±0.75

–0.030

0.626

3.06±0.57

–0.109
0.093
0.130
0.049

0.610
0.592
0.565
0.561

2.93±0.63
2.90±0.64
2.84±0.76
2.89±0.73

0.015
5.273
27.753
27.753

0.453
2.143
11.281
39.035

2.83±0.65

SD, standard deviation; KMO, Kaiser-Meyer-Olkin.

fied sampling, after dividing the population into strata by
region, samples were allocated to strata in proportion to their
population size and the three-stage systematic sampling
method was employed in the same unit. Specifically, during
the first stage, the population with 40-70 years of age comprising registered residents as of December 2010 was selected
and categorized by sex and age. Systematic sampling was
then conducted on units (districts) at fixed intervals; using
a random number table, the street addresses to be surveyed
were determined. During the second stage, the street
addresses were selected as the primary subject households.
If a household could not be reached for the survey, the next
household in line was surveyed. During the third stage, an
investigator from a specialized social survey service visited
each household, from which one member was chosen for the
interview using a structured questionnaire. The following
were the exclusion criteria: the household did not have any
age-qualified member and therefore no member could be

interviewed (n=2,872); whether the household qualified
could not be confirmed because the interviewer’s contact was
with children (n=1,521); the subject was absent from home
when visited at least two or three times (n=319); the subject
household member, although qualified, was unable to participate in an interview due to consuming alcohol or having
a speech disorder (n=60); the subject household member
refused to cooperate when reached, even though qualified
(n=2,851). After exclusions, we completed the survey on
2,000 people (Fig. 1). Based on the household visits in each
city, the response (20.7%), cooperation (40.7%), refusal
(29.6%), and contact rates (51.0%) were calculated. The predominant reasons for refusal were ‘being too busy’ (54.0%),
‘breach of privacy’ (25.0%), ‘not comfortable answering’
(17.0%), and ‘other’ (4.0%). To conduct this survey, Institutional Review Board (IRB) approval was obtained from the
National Cancer Center in 2012.
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Table 2. Study subject characteristics
Characteristic
Sex
Male
Female
Age (yr)
< 60
> 60
Region
Metro
City, rural
Marital status
Married
Divorced, widow
Unmarried
Education
< High school
> High school
Monthly income
< $2,000
$2,000-4,000
> $4,000
Religion
No
Yes
Care experience
No
Yes
Care cost
< $2,000
> $2,000
Cancer patients among family/friends
No
Yes

No. (%)
991 (49.5)
1,009 (50.5)
1,578 (78.9)
422 (21.1)
956 (47.8)
1,044 (52.2)
1,893 (94.7)
80 (4.0)
27 (1.4)
1,364 (68.2)
636 (31.8)
328 (16.4)
1,046 (52.3)
626 (31.3)
921 (46.0)
1,079 (54.0)
1,161 (58.0)
839 (42.0)
1,542 (77.1)
458 (22.9)
1,762 (88.1)
238 (11.9)

2. Measures
This survey was conducted to investigate the attitudes of
the public towards cancer survivors returning to work in
Korea. Because no appropriate survey instrument for identifying these attitudes is available, the research team developed a questionnaire using the following process. In the first
stage, the team referred to the literature to develop a semistructured questionnaire and devised questions via qualitative interviews with 10 cancer survivors who had completed
cancer treatments (five leukemia, one stomach cancer, three
breast cancer, and one colon cancer case) regarding their perceived obstacles upon return to work.
To assess the adequacy of the survey tool used to identify
categorized attitudes, an exploratory factor analysis consist-
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ing of 19 questions regarding attitudes was conducted. This
consisted of a principal component analysis; an eigenvalue
of 1 was used as a criterion for factor extraction, and Varimax
was applied for factor rotation (Table 1). The questionnaire
consisted of 13 questions about the perception of cancer
survivors returning to work and six questions regarding
acceptance of cancer survivors returning to work. The questions were divided into those pertaining to respondent characteristics and to the perception and acceptance of cancer
survivors returning to work. All questions were answered
on a four-point Likert scale per category; each item was
converted into a score (strongly disagree, 1; disagree, 2;
agree, 3; and strongly agree, 4), and the average scores of
the question domains were 2.36 and 2.79, respectively. The
criteria used to determine whether an attitude was negative
or positive were as follows: (1) for perceptions of cancer
survivors, negative if higher than the average and positive
if lower than the average, and (2) for acceptance of cancer
survivors, positive if higher than the average and negative
if lower than the average. The respondent characteristics
section included sex, age (under/over 60 years), region (metropolitan/urban or rural area), marital status (married,
divorced/widowed, unmarried), education (below high
school/high school and above), monthly income (< $2,000/
$2,000-4,000/> $4,000), religion (yes/no), patient care experience (yes/no), cost of cancer patient care (< $2,000/
" $2,000) and cancer patients among family/friends (yes/
no). In addition, to test the reliability of the scale employed
in this study, an analysis using Cronbach’s alpha was conducted. The resulting Cronbach’s alpha values were 0.84 for
the overall scale, 0.88 for perceptions regarding the return to
work, and 0.60 for acceptance of cancer survivors.
3. Statistical analysis
To identify the general characteristics of the respondents
who participated in the survey, a frequency analysis was
conducted. To identify the factors that influence perceptions
about returning to work and acceptance of cancer survivors,
a univariate logistic regression analysis was performed. In
the univariate model, socio-demographic factors such as age,
sex, education, marital status, monthly income, residence,
and religion were included. The independent variables
included the existence of cancer patients among family/
friends, cost of cancer patient care, and patient care experience, and the dependent variables included the negative and
positive responses. The multivariate analysis was performed
in two stages: in model 1, socio-demographic factors (age,
sex, education, marital status, monthly income, residence,
and religion) were included as covariates, regardless of the
results of a bivariate analysis; in model 2, additional variables
such as existence of cancer patients among friends, cost of

Hye-Young Shim, Negative Public Attitudes towards Cancer Survivors Returning to Work

Table 3. Public attitudes toward cancer survivors regarding return to work
No. (%)
Survey questionnaire
Perceptions towards cancer survivors returning to work
Lower ability of cancer patients to work due to pain after treatment
Poor performance of cancer patients due to lack of concentration and
memory loss
Trouble working due to post-treatment depression in cancer patients
Feelings of discomfort when seeing wigs and hats on cancer patients
during work
Since cancer patients feel weak, their coworkers may feel weak as well
Less confidence at work among cancer patients
Even though most cancer patients want to work, there might not be
much work available for them
Since cancer patients are less competitive, they should depend on
their families, instead of re-entering society
Cancer patients should retire early
Companies should hire healthy new employees rather than
experienced cancer patients
Companies should consider cancer patients first during layoffs
I feel insecure about the job abilities of coworkers who have cancer
Employees with cancer should be considerate of their coworkers by
not attending corporate events
Acceptance of cancer survivors returning to work
A work environment should be created such that coworkers with
cancer can work as ordinary employees
I agree on a reduction in work hours for coworkers with cancer at
the same pay
I agree that coworkers with cancer should be entitled to special
long-term vacations over 6-month periods
I agree that coworkers with cancer should be entitled to promotions
Cancer patients should be given equal promotional opportunities
A resting place should be provided for coworkers with cancer in
the workplace

Average
(SE)

Strongly
disagree

Disagree

72 (3.6)
108 (5.4)

522 (26.1) 1,119 (56.0) 287 (14.4) 2.81 (0.016)
675 (33.8)
894 (44.7) 323 (16.2) 2.72 (0.018)

Agree

Strongly
agree

113 (5.7) 748 (37.4)
293 (14.7) 861 (43.1)

824 (41.2) 315 (15.8) 2.67 (0.018)
685 (34.3) 161 (8.1) 2.36 (0.018)

274 (13.7) 850 (42.5)
200 (10.0) 694 (34.7)
141 (7.1) 787 (39.4)

701 (35.1) 175 (8.8) 2.39 (0.019)
846 (42.3) 260 (13.0) 2.58 (0.019)
900 (45.0) 172 (8.6) 2.55 (0.017)

279 (14.0) 850 (42.5)

724 (36.2) 147 (7.4)

270 (13.5) 893 (44.7)
188 (9.4) 778 (38.9)

721 (36.1) 116 (5.8) 2.34 (0.017)
826 (41.3) 208 (10.4) 2.53 (0.018)

314 (15.7) 977 (48.9)
102 (5.1) 998 (49.9)
159 (8.0) 772 (38.6)

610 (30.5) 99 (5.0)
754 (37.7) 146 (7.3)
919 (46.0) 150 (7.5)

2.37 (0.018)

2.25 (0.017)
2.47 (0.016)
2.53 (0.017)

10 (0.5)

231 (11.6) 1,383 (69.2) 376 (18.8) 3.06 (0.013)

68 (3.4)

561 (28.1)

57 (2.9)

489 (24.5) 1,070 (53.5) 384 (19.2) 2.89 (0.016)

29 (1.5)
45 (2.3)
27 (1.4)

383 (19.2) 1,295 (64.8) 293 (14.7) 2.93 (0.014)
482 (24.1) 1,240 (62.0) 233 (11.7) 2.83 (0.014)
445 (22.3) 1,232 (61.6) 296 (14.8) 2.9 (0.014)

997 (49.9) 374 (18.7) 2.84 (0.017)

SE, standard error.

cancer patient care, and patient care experience were
included. Data from patients with missing values were
excluded from the multiple logistic regression model. All
statistical analyses were conducted using SPSS ver. 12.0
(SPSS Inc., Chicago, IL). Two-tailed null hypotheses of no
difference were rejected if p-values were less than 0.05, or,
equivalently, if the 95% confidence intervals (CIs) of risk
point estimates excluded 1.

Results
1. Population characteristics
The characteristics of the respondents to this survey were
as follows: 1,009 (50.5%) were female, 1,579 (78.9%) were
under the age of 60 years, 1,044 (52.2%) lived in urban/rural
areas, 1,364 (68.2%) had an education level below high
school, 626 (31.3%) earned > $4,000/mo, 839 (42.0%) had
cancer patients among their friends, 458 (22.9%) had patient
care experience, and 1,762 (81%) paid < $2,000 for medical
treatment (Table 2).
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Perceptions towards cancer survivors returning to work
Lower ability of cancer patients to work due to pain after treatment
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Poor performance of cancer patients due to lack of concentration and memory loss
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57.0 %

Feelings of discomfort when seeing wigs and hats on cancer patients during work

42.4 %

Since cancer patients feel weak, their coworkers may feel weak as well

43.9 %

Less confidence at work among cancer patients

55.3 %

Even though most cancer patients want to work, there might not be much work available for them

53.6 %

Since cancer patients are less competitive, they should depend on their families, instead of re-entering society
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I feel insecure about the job abilities of coworkers who have cancer

45.0 %

Employees with cancer should be considerate of their coworkers by not attending corporate events

53.5 %

Acceptance of cancer survivors returning to work
A work environment should be created such that coworkers with cancer can work as ordinary employees
I agree on a reduction in work hours for coworkers with cancer at the same pay
I agree that coworkers with cancer should be entitled to special long-term vacations over 6-month periods
I agree that coworkers with cancer should be entitled to promotions
Cancer patients should be given equal promotional opportunities
A resting place should be provided for coworkers with cancer in the workplace
Disagree

88.0 %
68.6 %
72.7 %
79.5 %
73.7 %
76.4 %

Agree

Fig. 2. Negative public attitudes towards cancer survivors returning to work.

2. Attitudes towards cancer survivors returning to work
Among the survey questions on the perceptions towards
cancer survivors returning to work, negative answers prevailed: cancer patients are expected ‘to be less efficient at
work due to pain’ (70.4%), ‘to perform poorly due to lack of
concentration and memory loss’ (60.9%), ‘to have trouble
working due to post-treatment depression’ (57.0%), and ‘to
be less confident about their work’ (55.3%). With regard to
the acceptance of cancer survivors in the workplace, there
were largely positive responses towards ‘creating a work
environment that will allow coworkers with cancer to work
as regular employees’ (88.0%), ‘agreement that coworkers
with cancer should be entitled to promotions’ (79.5%), ‘providing a resting place in the workplace for coworkers with
cancer’ (76.4%), and ‘giving cancer patients equal promotion
opportunities’ (73.7%). However, 31.4% of the respondents
disagreed with the reduction of work hours with the same
pay for coworkers with cancer (Table 3, Fig. 2).
3. Factors associated with negative attitudes towards cancer
survivors returning to work
To identify the factors associated with negative attitudes
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towards cancer survivors returning to work, a univariate
analysis of the perception (domain 1) and acceptance
(domain 2) of cancer survivor domains was conducted.
Factors that significantly influenced perception (p < 0.05)
included region, marital status and monthly income, and
those that influenced acceptance (p < 0.05) included monthly
income and patient care experience. The results of the multivariate logistic regression model 2 showed that the factors
associated with a negative perception towards cancer survivors returning to work included area of residence, monthly
income and patient care experience. Negative perceptions
were higher in urban/rural areas than in metropolitan areas
(odds ratio [OR], 1.71; 95% CI, 1.42 to 2.06); negative perceptions were higher among those who earn > $4,000 than those
who earn < $2,000 (OR, 1.54; 95% CI, 1.11 to 2.14); and negative attitudes were higher among those who had patient care
experience than those who did not (OR, 1.41; 95% CI, 1.11 to
1.78). Negative public acceptance of cancer survivors returning to work was higher among those who earn > $4,000 compared with those who earn < $2,000 (OR, 1.71; 95% CI, 1.24
to 2.37), and negative acceptance was higher among those
who had patient care experience than those who did not (OR,
1.54; 95% CI, 1.24 to 2.37) (Tables 4 and 5).
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Table 4. Factors associated with public negative perception towards cancer survivors
Characteristic
Sex
Male
Female
Age (yr)
< 60
> 60
Region
Metro
City, rural
Marital status
Married
Divorced, widow
Unmarried
Education
< High school
> High school
Monthly income
< $2,000
$2,000-4,000
> $4,000
Religion
No
Yes
Care experience
No
Yes
Care cost
< $2,000
> $2,000
Cancer patients among family/friends
No
Yes

Unadjusted

Adjusted model 1

Adjusted model 2

OR

95% CI

OR

95% CI

OR

95% CI

1
0.88

Reference
0.74-1.05

1
0.89

Reference
0.74-1.07

1
0.86

Reference
0.71-1.03

1
0.85

Reference
0.69-1.06

1
0.97

Reference
0.75-1.25

1
0.98

Reference
0.76-1.27

1
1.66

Reference
1.39-1.98***

1
1.74

Reference
1.44-2.09***

1
1.71

Reference
1.42-2.06***

1
0.61
1.34

Reference
0.38-0.97
0.62-2.87

1
0.68
1.40

Reference
0.42-1.10
0.64-3.06

1
0.67
1.43

Reference
0.41-1.08
0.65-3.13

1
0.94

Reference
0.78-1.14

1
0.85

Reference
0.69-1.04

1
0.85

Reference
0.69-1.05

1
1.33
1.32

Reference
1.04-1.71
1.01-1.72

1
1.29
1.54

Reference
0.97-1.72
1.11-2.13

1
1.28
1.54

Reference
0.96-1.71
1.11-2.14**

1
0.86

Reference
0.72-1.02

1
0.90

Reference
0.75-1.08

1
0.89

Reference
0.74-1.07

1
1.22

Reference
0.99-1.50

-

-

1
1.41

Reference
1.11-1.78**

1
0.81

Reference
0.62-1.06

-

-

1
0.73

Reference
0.54-1.00

1
0.92

Reference
0.77-1.10

-

-

1
0.96

Reference
0.79-1.16

OR, odds ratio; CI, confidence interval. ***p < 0.001, **p < 0.01.

Discussion
This study attempted to identify the public’s negative attitudes towards cancer survivors returning to work and the
factors that influence these attitudes. Much of the perception
associated with cancer is hypothesized to derive from the
fear of suffering and death [8]. Since it is a common disease
that is often unavoidable, cancer reminds us that we too are
vulnerable and mortal. Some people distance themselves
from the affected individual because they fear death. Indeed,
cancer patients report that social interactions can become
strained and that others avoid them because they feel awk-

ward and do not know what to say to someone with cancer
[9]. The strained and awkward social relationships experienced by cancer patients raise an important distinction
between stigma and the related construct of social constraints
[10]. Social constraints are defined as a perceived inadequacy
in social support, resulting in a reluctance to disclose cancerrelated thoughts and feelings [10]. In a study of the public’s
attitudes towards cancer patients in Korea, 71.8% believed
that cancer patients are unable to contribute to society effectively; furthermore, 50.7% responded that if they had cancer,
they would not disclose it to their coworkers, leading to a
lower rate of disclosure intention due to fear of discrimination and stigma [7]. In Singapore, people tend to perceive
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Table 5. Factors associated with public negative acceptance towards cancer survivors
Characteristic
Sex
Male
Female
Age (yr)
< 60
> 60
Region
Metro
City, rural
Marital status
Married
Divorced, widow
Unmarried
Education
< High school
> High school
Monthly income
< $2,000
$2,000-4,000
> $4,000
Religion
No
Yes
Care experience
No
Yes
Care cost
< $2,000
> $2,000
Cancer patients among family/friends
No
Yes

Unadjusted

Adjusted model 1

Adjusted model 2

OR

95% CI

OR

95% CI

OR

95% CI

1
0.91

Reference
0.76-1.08

1
1.10

Reference
0.92-1.32

1
1.05

Reference
0.87-1.27

1
1.12

Reference
0.91-1.40

1
1.06

Reference
0.82-1.38

1
1.08

Reference
0.87-1.40

1
1.08

Reference
0.91-1.29

1
1.02

Reference
0.85-1.22

1
1.01

Reference
0.84-1.21

1
0.98
1.00

Reference
0.63-1.53
0.47-2.15

1
1.17
1.18

Reference
0.73-1.85
0.55-2.55

1
1.14
1.18

Reference
0.72-1.82
0.54-2.56

1
0.87

Reference
0.72-1.05

1
1.07

Reference
0.87-1.32

1
1.06

Reference
0.86-1.31

1
0.89
0.61

Reference
0.70-1.15
0.47-0.80***

1
1.17
1.70

Reference
0.88-1.55
1.23-2.34**

1
1.17
1.71

Reference
0.88-1.56
1.24-2.37**

1
0.95

Reference
0.80-1.13

1
1.02

Reference
0.85-1.23

1
0.99

Reference
0.83-1.20

1
0.66

Reference
0.54-0.82***

-

-

1
1.54

Reference
1.22-1.95**

1
0.86

Reference
0.65-1.12

-

-

1
0.97

Reference
0.71-1.32

1
0.99

Reference
0.83-1.18

-

-

1
0.93

Reference
0.77-1.12

OR, odds ratio; CI, confidence interval. ***p < 0.001, **p < 0.01.

cancer negatively, and this can influence the behavior
towards cancer survivors. These negative perceptions may
hinder the cancer survivor’s re-assimilation into society
(specifically the workplace) [2]. Current research holds that
attitudes are formed through learning, rather than as innate
states [11]. Based on that, negative attitudes towards cancer
survivors returning to work require appropriate intervention
(supportive workplace environment intervention), education
(rehabilitation programs and training) and social support
(advocacy campaigns).
The factors influencing negative attitudes of the public
towards cancer survivors returning to work included region,
cancer patient care experience, and monthly income. Nega-
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tive perceptions were higher among those living in urban/
rural areas than in metropolitan areas, and lower education
levels and socio-economic status measures, such as monthly
income and living area, were associated with negative attitudes or with discrimination experiences [12]. Negative attitudes towards cancer survivors returning to work prevailed
in rural areas, partly because rural residents are predisposed
to believe that physical limitations among cancer survivors
contribute to lower work productivity [13]. Sowden et al. [14]
showed that labor is more physically demanding in rural
areas than in cities, and rural cancer survivors are more likely
to retire early. In Finland, however, the capabilities of cancer
survivors to work were not different from those of demo-
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graphically matched healthy controls, and the ability of survivors diagnosed two years previously to engage in physical
work had deteriorated by 26% [15]. In the United States,
some prostate cancer patients reported that 12 months after
diagnosis, cancer and its treatment interfered with physical
functioning at work (22%-30%) [16]. A recent Australian
study reported a similar trend in health-related quality of life
12 months after treatment for breast cancer survivors living
in urban areas [17]. Since accessibility to medical systems is
lower in rural areas, rural residents tend to have a greater
negative perception of cancer survivors returning to work
[18]. Overseas studies show that, compared with metropolitan residents, urban/rural residents face challenges in accessing medical care and necessary support services due to
extensive and sometimes difficult travel, as well as limited
health care facilities [19]. In Korea, rural residents face
unequal access to medical services [20], posing limitations
for cancer survivors needing frequent care. Thus, residents
in rural areas tend to have more negative perceptions of
cancer survivors rejoining society, since those with cancer
are expected to have trouble with recovery. To resolve these
negative perceptions among rural residents, a communitybased social support system is necessary.
The public’s negative attitudes towards cancer survivors
returning to work were significantly higher among those
who had patient care experience. The increasing number of
cancer patients leads to an increasing burden on caregivers
of cancer patients. Family members of cancer patients are not
only their primary support, both mentally and socially, but
also active participants in the patient’s care and recovery,
rather than passive observers. In addition, caregivers need
to take care of cancer patients constantly during the treatment process, which includes surgery, chemotherapy, and
radiation therapy; they also must endure the treatmentinduced complications and pain experienced by the patients.
Moreover, high levels of burden and distress comparable to
those experienced by caregivers of patients with dementia
[21] and acquired immune deficiency syndrome are often
reported [22]. Some people feel uncomfortable in the presence of cancer patients, who are sometimes victimized or
avoided by family members and friends, distressing cancer
patients and their family and friends. In particular, the
burden of cancer patient care was relatively high in Korea,
in that 82.2% of family caregivers exhibited symptoms of
depression, 38.1% had symptoms of insecurity, 17.7% felt the
impulse to commit suicide, and 2.8% actually attempted to
commit suicide [23]. Among caregiver support activities,
there are numerous caregiver management programs in
other countries for caregiver distress management. For
instance, the Oncology Nursing Society in the United States
published a research report for evidence-based practices
regarding stress and burnout levels of cancer patient care-

givers [24]; yet, South Korea still lacks support programs or
guidelines for caregivers. Because most patient care begins
one to two years post-diagnosis, when intensive treatment is
given, support services for distressed caregivers suffering
from insecurities and depression are not provided or managed in a timely manner. Therefore, the attitudes regarding
the recovery, social contribution and return to work of cancer
survivors are negative. In the future, intervention programs
for respective types of stress should be provided to caregivers on an individual basis during and after treatment.
In this study, those with higher incomes showed more negative attitudes towards cancer survivors returning to work.
In previous studies of the stigmas faced by cancer patients,
negative attitudes were found to be associated with lower
socioeconomic levels [12]. However, few studies have evaluated the relationship between socioeconomic levels and the
factors related to public attitudes towards cancer survivors
returning to work, the topic of this study. Therefore, crosscultural studies across developing countries, including
Korea, and developed countries should be conducted.
This study had several limitations. The survey response
rate of 20.7% was deemed to be quite low. The potential reasons for this include, first, the low contact rate of 51.0%. With
an increase in single and dual income families, the investigators could not meet all household members. In addition,
because most families live in apartments, the barriers to entry
were high. Second, since the survey focused on middle-aged
people with plenty of experience in social activities regarding
attitudes towards cancer survivors returning to work, it
failed to assess the attitudes of those in their 20s and 30s;
thus, the survey population was not representative of the
entire South Korean population.

Conclusion
In summary, this study identified negative attitudes
towards cancer survivors returning to work in South Korea
and the factors influencing the reintegration of cancer
survivors into society. The associated factors included those
related to socio-economic status. As the perceptions of rural
residents were found to be negative, a community-based
social support approach is necessary. Regarding personal
factors, negative attitudes were high among those with
patient care experience, which suggests a need for intervention at the level of the individual caregiver.

VOLUME 48 NUMBER 2 APRIL 2016

823

Cancer Res Treat. 2016;48(2):815-824

Conflicts of Interest
Conflict of interest relevant to this article was not reported.

Acknowledgments
This study was supported by a grant from the National
Cancer Center (Grant number 1210151), Republic of Korea.
The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

References
1. Jung KW, Won YJ, Kong HJ, Oh CM, Seo HG, Lee JS. Cancer
statistics in Korea: incidence, mortality, survival and prevalence in 2010. Cancer Res Treat. 2013;45:1-14.
2. Chen HM, Tan WH, Tan WC, Yu CK, Lim TH, Tay MH, et al.
Attitudes towards cancer survivors: a small survey. Singapore
Med J. 2006;47:143-6.
3. Park JH, Park EC, Park JH, Kim SG, Lee SY. Job loss and
re-employment of cancer patients in Korean employees: a
nationwide retrospective cohort study. J Clin Oncol.2008;26:
1302-9.
4. Hoving JL, Broekhuizen ML, Frings-Dresen MH. Return to
work of breast cancer survivors: a systematic review of intervention studies. BMC Cancer. 2009;9:117.
5. Yabroff KR, Lawrence WF, Clauser S, Davis WW, Brown ML.
Burden of illness in cancer survivors: findings from a population-based national sample. J Natl Cancer Inst. 2004;96:
1322-30.
6. Else-Quest NM, LoConte NK, Schiller JH, Hyde JS. Perceived
stigma, self-blame, and adjustment among lung, breast and
prostate cancer patients. Psychol Health. 2009;24:949-64.
7. Cho J, Smith K, Choi EK, Kim IR, Chang YJ, Park HY, et al.
Public attitudes toward cancer and cancer patients: a national
survey in Korea. Psychooncology. 2013;22:605-13.
8. Mosher CE, Danoff-Berg S. Death anxiety and cancer-related
stigma: a terror management analysis. Death Stud. 2007;31:
885-907.
9. Wilson K, Luker KA. At home in hospital? Interaction and
stigma in people affected by cancer. Soc Sci Med. 2006;62:
1616-27.
10. Lepore SJ. A social-cognitive processing model of emotional
adjustment to cancer. In: Baum A, Andersen BL, editors. Psychosocial interventions for cancer. Washington, DC: American
Psychological Association; 2001. p. 99-116.
11. Allport GW. Attitudes. In: Murchison C, editor. Handbook of
social psychology. Worchester, MA: Clark University Press;
1935. p. 785-844.
12. Kagawa-Singer M, Padilla GV, Ashing-Giwa K. Health-related
quality of life and culture. Semin Oncol Nurs. 2010;26:59-67.
13. Taskila T, Lindbohm ML. Factors affecting cancer survivors'

824

CANCER RESEARCH AND TREATMENT

employment and work ability. Acta Oncol. 2007;46:446-51.
14. Sowden M, Vacek P, Geller BM. The impact of cancer diagnosis on employment: is there a difference between rural and
urban populations? J Cancer Surviv. 2014;8:213-7.
15. Taskila T, Martikainen R, Hietanen P, Lindbohm ML. Comparative study of work ability between cancer survivors and
their referents. Eur J Cancer. 2007;43:914-20.
16. Bradley CJ, Neumark D, Luo Z, Bednarek H, Schenk M.
Employment outcomes of men treated for prostate cancer. J
Natl Cancer Inst. 2005;97:958-65.
17. DiSipio T, Hayes SC, Newman B, Aitken J, Janda M. Does
quality of life among breast cancer survivors one year after
diagnosis differ depending on urban and non-urban residence? A comparative study. Health Qual Life Outcomes.
2010;8:3.
18. Weaver KE, Geiger AM, Lu L, Case LD. Rural-urban disparities in health status among US cancer survivors. Cancer. 2013;
119:1050-7.
19. Beck SL, Towsley GL, Caserta MS, Lindau K, Dudley WN.
Symptom experiences and quality of life of rural and urban
older adult cancer survivors. Cancer Nurs. 2009;32:359-69.
20. Lee YJ. An study on the inepuality of health care resources
distribution affected by regional characteristics. Crit Soc Welf
Acad. 2005;21:49-78.
21. Kim Y, Schulz R. Family caregivers' strains: comparative
analysis of cancer caregiving with dementia, diabetes, and frail
elderly caregiving. J Aging Health. 2008;20:483-503.
22. Stetz KM, Brown MA. Physical and psychosocial health in
family caregiving: a comparison of AIDS and cancer caregivers. Public Health Nurs. 2004;21:533-40.
23. Park B, Kim SY, Shin JY, Sanson-Fisher RW, Shin DW, Cho J,
et al. Suicidal ideation and suicide attempts in anxious or
depressed family caregivers of patients with cancer: a nationwide survey in Korea. PLoS One. 2013;8:e60230.
24. Honea NJ, Brintnall R, Given B, Sherwood P, Colao DB,
Somers SC, et al. Putting Evidence into Practice: nursing
assessment and interventions to reduce family caregiver strain
and burden. Clin J Oncol Nurs. 2008;12:507-16.

pISSN 1598-2998, eISSN 2005-9256
http://dx.doi.org/10.4143/crt.2015.040

Cancer Res Treat. 2016;48(2):825-833

Open Access

Original Article

Impact of Job Status on Accessibility of Cancer Screening

Purpose
Cancer is a leading cause of death worldwide with approximately 75,000 cancer deaths in
Korea alone in 2013. Cancer screening is an important method of prevention; however,
only 63.4% of Koreans sought cancer screening in 2012 even though it was widely offered
at no cost. We focused on part time workers because they often experience job instability
and relative discrimination. Therefore, we investigated the correlation between job status
and cancer screening.
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Materials and Methods
Data from the 2013 Korea National Health and Nutrition Examination Survey (KNHANES)
were used for selection of individuals who participated in the national cancer screening program. A total of 1,326 wage earners were selected for our study. The association between
cancer screening and part time job status was examined using logistic regression models.
Results
Of the 1,326 individuals selected for the study, 869 (64.5%) had participated in the cancer
screening program; among these, 421 (48.4%) were part time workers and 448 (51.6%)
were full time workers. Lower prevalence of cancer screening was observed for part time
workers compared to full time workers (odds ratio, 0.72; confidence interval, 0.53 to 1.00;
p=0.0495). Factors including age, marital status, private insurance, chronic disease, smoking, and residential area emerged as showed significant association with participation in
screening programs.
Conclusion
We found that part time workers had difficulty participating in prevention programs. Change
in the workplace environment as well as development of positive social programs targeted
to part time workers is necessary in order to encourage participation of part time workers
in prevention programs.

Introduction
Chronic disease is a major public health problem; cancer,
in particular, has increased the global burden of disease as
well as mortality. It has been estimated that cancer was
responsible for approximately 8.2 million cancer deaths

│ http://www.e-crt.org │

Key words
Early detection of cancer, Health promotion, Employment,
Occupational health

worldwide in 2012, making it the third leading cause of death
[1]. Therefore, there has been significant effort toward reducing the incidence and mortality of cancer.
Cancer screening has been demonstrated as an important
method for preventing cancer that is also highly cost-effective [2,3]. Early detection through cancer screening has been
associated with decreased prevalence and mortality of many
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types of cancer [4,5]. Thus, cancer screening programs have
been introduced in many countries.
In Korea, cancer is a leading cause of death, where the rate
of mortality increased from 131.1 per 100,000 individuals in
2003 to 149.0 per 100,000 individuals in 2013 [6]. To reduce
the mortality rate, the government instituted a cancer control
program through the National Cancer Center, which involves registration, screening, and management of cancer patients as well as patient education [7,8]. Cancer screening is
provided as a means of early detection, without cost, according to specific age group and type of cancer (stomach, liver,
colon, breast, cervical cancer). Although the rate of total cancer screening increased from 45.6% in 2007 to 63.4% in 2012
as a result of this program, the rate was still lower than that
reported for other developed countries [9]. Furthermore,
while the national cancer screening program was provided
by the government free of charge, the proportion of the population eligible for cancer screening was below 50%; therefore, better management of programs for early detection of
cancer is necessary.
We focused on job status such as part time versus full time
employment as a factor that can affect whether individuals
seek cancer screening. Compared to stable, full time workers,
those with part time employment might be less likely to manage self-care as well as take steps to improve their health.
Compared to workers with full time jobs, part time workers
are faced with the threat of job loss, lower wages, an unstable
employment state, as well as less power [10].
In Korea in 2014, 6 million people were employed on a part
time basis. Due to the lack of job security, this population
experiences discrimination and anxiety which impacts health
management. Previous studies explored the association
between lack of job security and poor health [11,12]. In addition, the association between cancer screening and personal
factors has been investigated, while few studies on cancer
screening in relation to job status specifically have been
reported [13,14]. Especially in Korea, where the proportion
of part time workers is high, there is a great need for better
health management in this population.
Thus, the aim of our study was to examine the association
between job status and likelihood of participating in cancer
screening programs, comparing part time and full time
workers in Korea. In addition, the results were analyzed
according to age group, residential area, and work type.
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Materials and Methods
1. Data and study population
Our study used data from the sixth edition of the Korea
National Health and Nutrition Examination Survey (KNHANES,
2013) conducted by the Korea Centers for Disease Control and
Prevention. This survey is conducted annually and received
its most recent Institutional Review Board (IRB) approval
from the Korea Centers for Disease Control and Prevention
in 2013 (2013-07CON-03-4C). General information on individuals including education, economic activity, nutrition,
and health behaviors, including alcohol consumption, was
obtained by self-report. From these data, cancer patients
(n=50) and unemployed individuals (n=5,856), independent
businessmen, and employers were excluded; thus, only wage
earners were included in our study. Next, we included participants who applied for the national cancer screening program. Because the national cancer screening program is
applied differently by sex, we selected female subjects over
30 years of age and male subjects over 40 years of age. Cervical cancer screening was initiated at age 30 for females, and
liver, colon, and stomach cancer screening were initiated at
age 40 in both males and females. In this proceeding,
female participants (n=224) and male participants (n=455)
were excluded, due to unsuitable age. Participants were
included until age 69 as working persons (n=77 excluded).
Finally, missing value was excluded (n=30). A total of 1,326
participants were eligible for this study (Fig. 1).
2. Cancer screening and job status
Cancer screening was measured based on self-reported
answers to the following question: “Have you undergone
cancer screening in the last 2 years?” where cancer screening
was classified as those who underwent cancer screening and
those who did not.
Job status was classified with the following the question:
“Are you working in a full time or part time position currently?” A full time worker was defined as a person who was
guaranteed employment until retirement age. A part time
worker was defined as a person whose job was temporary,
atypical, or short-term.
Work type was determined by answers to the questions,
“Do you mainly work in the daytime (6:00 AM to 6:00 PM),
night time (2:00 PM to 12:00 PM or 9:00 PM to 08:00 AM), or different time shifts (irregular shifts)?”
Office hours worked per week were measured with the following question: “How much time do you spend working in
a workplace during a 1-week period, including overtime?”
Hours worked excluded lunch time.
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Participants (n=8,018)

Job status

Excluded (n=5,856)
Not working (n=4,947)
Unknown (n=168)
Missing (n=741)

Participants (n=2,162)
Cancer
patients

Excluded (n=50)
Stomach (9), liver (2),
colon (8), breast (4),
uterine cervical (10), lung (2),
thyroid (8), other (7)

Participants (n=2,112)

Age

Excluded (n=756)
Male > 40 yr (n=455)
Female > 30 yr (n=224)
Male & Female ≥ 70 yr (n=77)

Participants (n=1,356)

Other

Excluded (n=30): Missing

Participants (n=1,326)

Fig. 1. Flow diagram of the study participants.

measured by the following question: “Did you walk at least
10 minutes at a time during the past week?” People who did
not walk a 10-minute interval in the previous week were classified as ‘No.’ Income was classified as middle-bottom, middle-top, and top. Residential area was classified according to
whether the person lived in a metropolitan area or not.
4. Statistical analysis
All analyses were performed using SAS ver. 9.3 (SAS
Institute Inc., Cary, NC). Weight was assigned to the sampling results to convey an accurate representation of the
entire nation. Baseline demographic and clinical characteristics were compared using chi-squared tests, and p < 0.05 was
considered statistically significant. Logistic regression analysis was used to calculate the odds ratio (OR) with 95% confidence intervals (CI) to analyze the association between job
status and cancer screening. In the fully adjusted model, all
variables were entered simultaneously. In addition, the data
were analyzed according to private insurance due to correlation between job status. Although no correlation was
observed between job status, sub-group analysis was performed according to different age group. Age was an important variable which can affect cancer screening and different
type of cancer screening was provided according to age
group [16]. Thus, more evaluation is needed according to different age group. The analysis of stratified data was adjusted
for all variables simultaneously.

3. Covariates
We included socioeconomic status such as age, sex, marital
status, income, and residential area, which can affect cancer
screening [15]. In addition, lifetime smoking, alcohol consumption in the past year, chronic disease, exercise (walking), private insurance, and stress were included as covariates which were suggested as factors associated with cancer
screening [15,16]. Age was used as a continuous variable,
beginning with 30 years old for females and 40 years old for
males. Marital status was classified as single or married. Private insurance was classified as participants who had private
insurance and those who did not. Stress was measured based
on the question: “Do you feel stress from usual life activities?” where stress was classified as those who reported feeling high levels of stress or those who reported feeling a low
level of stress. Chronic disease was defined as hypertension
or diabetes or dyslipidemia, classified by ‘Yes’ or ‘No.’ Alcohol consumption in the past year was classified by ‘Yes’ or
‘No’ following the question: “Did you drink alcohol in the
past year?” Smoking was classified as smoker (less than five
packs, more than five packs) and non-smoker. Exercise was

Results
1. Demographics of the study population
In our study, 869 of the 1,326 wage earners (65.5%) who
were eligible for this study participated in the cancer screening program. There were 666 full time workers, of whom 448
(65.3%) participated, and 660 part time workers, of whom
421 (63.7%) participated. The difference between percentage
of screening program participants within the full time and
part time worker groups was not significant. According to
work type, 733 of 1,123 daytime workers (64.2%), 60 of 96
nighttime workers (63.2%), and 76 of 107 shift workers
(68.8%) participated in the cancer screening program. Average hours worked during a 1-week period was 39.9 (standard
deviation [SD], ±15.0) for individuals who underwent cancer
screening compared to 41.6 (SD, ±14.7) for individuals who
did not undergo cancer screening. The average age of participants who had undergone cancer screening was 49.4
(SD, ±9.1) years versus 46.5 (SD, ±9.6) years for those who
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did not (p < 0.0001). According to sex, more female participants (498/743, 66.9%) underwent cancer screening than
male participants (371/583, 62.2%). According to insurance,
778 of 1,167 individuals (66.3%) who held private insurance
underwent cancer screening, while 91 of 159 (51.0%) who did
not hold private insurance underwent cancer screening
(p=0.0019). Regarding residential area, 392 participants
(67.3%) who lived in metropolitan areas underwent cancer
screening, compared to 477 participants (62.2%) who did not
live in metropolitan areas (Table 1).

ing differed according to whether the participant has private
insurance or not. High prevalence of cancer screening was
observed for part time workers who had private insurance
compared with full time workers (OR, 1.13; CI, 0.39 to 3.24);
however, the difference was not statistically significant. Part
time workers without private insurance had a lower prevalence of cancer screening than full time workers (OR, 0.67;
CI, 0.48 to 0.94) (Table 3).

2. Logistic regression analysis for cancer screening

Discussion

Part time workers had a lower prevalence of cancer screening compared to full time workers, which was marginally
significant (OR, 0.72; CI, 0.53 to 1.00; p=0.0495). According
to work type, a high prevalence of cancer screening was
observed for shift workers compared to daytime workers
(OR, 1.35; CI, 0.79 to 2.32); however, the difference was not
statistically significant. Individuals who spent more time on
the job had a lower prevalence of cancer screening than those
who worked fewer hours; however, the difference was not
statistically significant (OR, 1.00; CI, 0.98 to 1.01; p=0.2917).
A correlation was observed between increasing age and
greater prevalence of cancer screening (OR, 1.04; CI, 1.03 to
1.06; p < 0.0001). According to sex male participants had a
lower cancer screening prevalence compared to females (OR,
0.81; CI, 0.51 to 1.27; p=0.3525), however the difference was
not significant. Single participants had lower cancer screening prevalence compared to married participants (OR, 0.27;
CI, 0.14 to 0.51; p < 0.0001). Participants who did not have
private insurance (OR, 0.48; CI, 0.30 to 0.77; p=0.0020) had a
lower prevalence of cancer screening than those who had private insurance. According to residential area, a lower cancer
screening prevalence was observed for participants who did
not live in metropolitan areas (OR, 0.74; CI, 0.55 to 0.99;
p=0.0429) (Table 2) than for those who did.
3. Association between age and cancer screening prevalence
The data were further analyzed according to different age
groups. As a result, significantly lower prevalence of cancer
screening was observed for old part time workers (age, 60 to
69 years) compared with full time workers (OR, 0.27; CI, 0.08
to 0.90). Other age group also had lower prevalence of cancer
screening, but without statistical significance (Table 3).
4. Association between private insurance and cancer screening prevalence
Among part time workers, the prevalence of cancer screen-
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In Korea, there is increasing interest in overall health, with
a focus on improving health through prevention and early
detection of disease. Therefore, in addition to adequate
healthcare, individuals can prevent disease or reduce the
severity of disease through early detection programs. For
example, the Korean government has offered cancer screening free of charge to specific age groups as a cost-effective
way of increasing the wellbeing of the population. In general,
people believe that cancer can be cured through early detection and treatment; however, many still do not take advantage of cancer screening even though it is provided as a free
program. Part time workers (those with unstable work status) are faced with poor working conditions, unfair treatment, and low wages, and often live in a state of anxiety [17],
with high risk of morbidity of physical and psychological
problems, and had more medical service utilization [18,19].
However, they had a lower sick leave rate, working while ill
due to concern regarding job insecurity and fear of job loss
[20]. This might result in unmet health need, because they
have no time for medical utilization, whereas the need for
health care was increased. The possibility of unmet need in
part time workers might exist in medical service utilization
as well as preventive activity.
To explore this problem, we examined whether there is an
association between part time workers and prevalence of
cancer screening. Almost half of the participants in our study
were part time workers. Results of the logistic regression
analysis showed that fewer part time workers underwent
cancer screening compared to full time workers. Because cancer screening was offered without cost, time could likely be
the limiting factor for people who would undergo screening.
For example, to undergo cancer screening, workers must
request permission from the company they work for in order
to take the necessary time away from work. However,
because the job status of part time workers is not fixed or stable, these individuals would likely not be able to take time
off for cancer screening.
We found an association between increasing age and
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Table 1. Cancer screening percentages, by demographic characteristics
Variable
Job status
Full time worker
Part time worker
Work type
Day duty
Night duty
Shift worker
Hours worked per week
Age
Sex
Male
Female
Marital status
Single
Married
Private insurance
Yes
No
Stress
High
Low
Chronic disease
Yes
No
Alcohol consumption in past year
Yes
No
Smoking
Smoker (under 5 packs)
Smoker (above 5 packs)
Non-smoker
Exercise
Yes
No
Income
Bottom-middle
Middle-top
Top
Residential area, metropolitan
Yes
No
Total

Cancer screening

Total (n=1,326)

p-value

Yes

No

448 (65.3)
421 (63.7)

218 (34.7)
239 (36.3)

666 (52.4)
660 (47.6)

0.6102

733 (64.2)
60 (63.2)
76 (68.8)
39.9±15.0
49.4±9.1

390 (35.8)
36 (36.8)
31 (31.2)
41.6±14.7
46.5±9.6

1,123 (83.9)
96 (7.2)
107 (8.9)
40.5±14.9
48.4±9.4

0.6886

371 (62.2)
498 (66.9)

212 (37.8)
245 (33.1)

583 (50.4)
743 (49.6)

0.1476

18 (30.0)
851 (66.1)

42 (70.0)
415 (33.9)

60 (4.3)
1,266 (95.7)

< 0.0001

778 (66.3)
91 (51.0)

389 (33.7)
68 (49.0)

1,167 (88.5)
159 (11.5)

0.0016

187 (64.0)
682 (64.7)

101 (36.0)
356 (35.3)

288 (22.9)
1,038 (77.1)

0.8548

197 (72.9)
672 (62.4)

77 (27.1)
380 (37.6)

274 (19.8)
1,052 (80.2)

0.0047

756 (63.9)
113 (69.4)

405 (36.1)
52 (30.6)

1,161 (88.8)
165 (11.2)

0.1938

17 (50.7)
333 (59.8)
519 (69.2)

16 (49.3)
205 (40.2)
236 (30.8)

33 (2.8)
538 (44.4)
755 (52.7)

0.0050

751 (65.0)
118 (61.6)

381 (35.0)
76 (38.4)

1,132 (85.5)
194 (14.5)

0.4246

367 (57.4)
245 (71.8)
257 (69.2)

246 (42.6)
106 (28.2)
105 (30.8)

613 (46.0)
351 (27.5)
362 (26.5)

0.0003

392 (67.3)
477 (62.2)
869 (64.5)

182 (32.7)
275 (37.8)
457 (35.5)

574 (45.7)
752 (54.3)
1,326 (100)

0.1096

0.0577
< 0.0001

Values are presented as number (%) or mean±standard deviation.

increased prevalence of cancer screening, which was likely
due to increased interest in health as one grows older.
According to marital status and private insurance, a lower
cancer screening prevalence was observed for single people

and those who did not have private insurance. We speculate
that single participants tended to be neglectful of self-health
care in general as a reason for not undergoing cancer screening.
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Table 2. Logistic regression model of cancer screening
Variable
Job status
Full time worker
Part time worker
Work type
Day duty
Night duty
Shift worker
Hours worked per week
Age
Sex
Male
Female
Marital status
Single
Married
Private insurance
Yes
No
Stress
High
Low
Chronic disease
Yes
No
Alcohol consumption in past year
Yes
No
Smoking
Smoker (under 5 packs)
Smoker (above 5 packs)
Non-smoker
Exercise
Yes
No
Income
Bottom-middle
Middle-top
Top
Residential area, metropolitan
Yes
No

OR

95% CI

p-value

Reference
0.72

0.53-1.00

0.0495

Reference
1.01
1.35
1.00
1.04

0.62-1.65
0.79-2.32
0.98-1.01
1.03-1.06

0.5535

0.81
Reference

0.51-1.27
-

0.3525

0.27
Reference

0.14-0.51
-

< 0.0001

Reference
0.48

0.30-0.77

0.0020

1.18
Reference

0.85-1.65
-

0.3235

1.45
Reference

1.01-2.09
-

0.0452

0.78
Reference

0.53-1.16
-

0.2214

0.44
0.62
Reference

0.16-1.21
0.41-0.94
-

0.0306

1.14
Reference

0.77-1.69
-

0.5190

0.62
1.12
Reference

0.43-0.90
0.75-1.67
-

0.0033

Reference
0.74

0.55-0.99

0.0429

0.2917
< 0.0001

OR, Odds ratio; CI, Confidence interval.

In addition, a lower cancer screening prevalence was
observed for individuals who did not have private insurance.
In Korea, individuals can voluntarily enroll in a private
insurance program to supplement their national health
insurance. Private insurance covers additional costs not paid
by the National Health Insurance (NHI) system. Private
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insurance enrollment might be associated with health consciousness, because the individuals are choosing to reduce
unexpected health expenditures. People with high health
consciousness may be more likely to have private insurance,
which would be associated with engaging in preventative
healthcare, such as cancer screening [21].
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Table 3. Sub-group analysis of cancer screening according to different age group and private insurancea)
Variable
Age (yr)
< 40
40-49
50-59
60-69
Private insurance
Yes
No

OR

95% CI

p-value

0.71
0.77
0.66
0.27

0.28-1.78
0.44-1.34
0.36-1.22
0.08-0.90

0.4629
0.3513
0.1839
0.0327

1.13
0.67

0.39-3.24
0.48-0.94

0.8209
0.0214

OR, odds ratio; CI, confidence interval. a)The association between cancer screening and part time workers was compared to
that of full time workers; all variables are adjusted for: hours worked per week, age, sex, marital status, private insurance,
stress, chronic disease, alcohol consumption in previous year, smoking, exercise, income, and residential area.

In our sub-group analysis, private insurance showed significant association with cancer screening. A lower prevalence of cancer screening was observed for part time workers
without private insurance. These results suggest that private
insurance may be important for part time workers. Private
insurance might serve as a supplementary health resource
for part-time workers who are vulnerable to preventable diseases.
In our study, low income participants had lower prevalence of cancer screening, similar to previous studies [22].
This might be due to increased concerns related to the health
expenditure by low income participants, which might affect
preventive activity such as cancer screening.
Cancer screening prevalence also showed a decreasing
trend with increasing age for part time workers; however,
statistical significance was only observed in the 60- to 69year-old group. Logically, the 60- to 69-year-old group
should be more focused on their health than other age
groups. However, due to their unstable position in the company, part time workers may feel pressured to work harder
and take less time for healthcare. Therefore, these individuals
might not focus on their own healthcare, including cancer
screening, making them more vulnerable to preventable diseases when they are employed as a part time worker.
Our study was similar to previous studies which suggested that job insecurity can negatively impact psychological health and self-rated health [17,19,23]. In addition,
job insecurity was associated with a higher prevalence of
physical health problems, such as asthma and coronary heart
disease [24,25]. However, few studies on the association
between job insecurity and cancer screening in Korea have
been reported. Furthermore, this is the first investigation that
considered factors such as where workers live and work shift
and why part time workers are less likely than full time
workers to participate in cancer screening programs. Thus,

our findings will be helpful to understanding the conditions
faced by part time workers that impact their overall health.
Our study had several limitations. First, this study had
a cross-sectional design; therefore, a causal relationship
between cancer screening and job status could not be definitively determined. Second, we did not consider personal
health management, which can affect cancer screening prevalence because people interested in personal health would be
more likely to visit the hospital to undergo cancer screening.
Finally, information on family history was not collected,
which can affect whether or not a person seeks cancer screening. Further studies are needed in order to better understand
the association between cancer screening and job status.
Despite these limitations, our study had a number of
strengths. First, we used data from the KNHANES in 2013,
which ensured that a reliable, large scale sampling design
that encompassed and was representative of the entire country was used. Second, to the best of our knowledge, this
study was the first to focus on cancer screening and part time
workers who face invisible discrimination in the workplace.
Third, our study examined factors related to health in the
workplace, and revealed vulnerabilities in health care that
arise as a result of job insecurity.
Currently, relative discrimination has become a major
issue in South Korea. This may be due to one’s personal
position in the company as well as interrelationships; it
affects people who are in lower positions relative to the general population. Such discrimination is present in the workplace. Part time workers feel stress and anxiety due to their
position, and have concern about their wages. Because of
these insecurities, part time workers are unable to take part
in basic preventive activities that are available to others, such
as full time workers. The increasing incidence of cancer supports an increase in cancer screening for early detection and
treatment; however, the job status of part time workers
VOLUME 48 NUMBER 2 APRIL 2016
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clearly influences their health management. To solve this
problem, companies should better accommodate the needs
of part time workers, making it easier for them to manage
their health. In addition, health campaigns and positive
assistance by companies will be helpful to part time workers
in the effort to improve their health.
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Scientific Evidence Supporting Policy Change: A Study on Secondhand
Smoke Exposure in Non-smoking Areas of PC Rooms in Korea

Purpose
The objective of this study was to measure secondhand smoke (SHS) exposure in personal
computer (PC) rooms with the purpose of determining the strength of scientific evidence
supporting the legislative ban on smoking in PC rooms located in the Republic of Korea.
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Materials and Methods
From June to September 2012, particulate matter (PM2.5) and air nicotine concentration
(ANC) were measured in the smoking and non-smoking areas of PC rooms in Goyang City,
Korea. In 28 randomly sampled PC rooms, field investigators completed an observational
questionnaire on building characteristics, smoking policies, and evidence of smoking. The
geometric means (GM) of PM2.5 and ANC in smoking and non-smoking areas were compared.
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Results
Evidence of smoking was identified in both the smoking and non-smoking areas of all PC
rooms. The GMs of PM2.5 and ANC in both areas were high and did not differ significantly
(174.77 (g/m3 and 48.95 (g/m3 in smoking areas; 93.38 (g/m3 and 41.30 (g/m3 in nonsmoking areas). Overall PM2.5 concentrations were 5.5-fold higher than those listed in the
World Health Organization guidelines.

+
+
+
+
+
+
+
+
+
+
+
+
+
+

Conclusion
This study supported previous reports that a partial smoking ban did not protect individuals
from SHS exposure. Furthermore, the results from our study suggest how research can support policy. Countries in which smoke-free policies are not yet comprehensive may find our
results useful.

Introduction
Substantial evidence indicates that smoking bans reduce
the adverse effects of exposure to tobacco smoke. As a result
of this evidence, smoking bans in public places have been
implemented in many countries. Furthermore, partial smoking bans in indoor public places and workplaces are becoming a common occurrence [1,2]. However, the issue of
implementing complete smoking bans in all indoor public
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places has been debated in several countries. This disagreement depends on several factors including the societal view
of smoking, compliance with existing smoke-free legislation,
and other sociopolitical considerations.
In 1995, the Republic of Korea passed a law that banned
smoking in public places. Excluded from this ban were
restaurants, recreational facilities, and entertainment venues,
although some were subject to a partial smoking ban (i.e.,
facilities had to have both smoking and non-smoking areas
that were physically separated) [3]. For example, one type of
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which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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recreational facility, personal computer (PC) rooms, underwent a partial smoking ban. However, it is well-known that
individuals within PC rooms will still be exposed to secondhand smoke (SHS), as there is air flow between the separated
smoking and non-smoking areas. In Korea, there are 15,817
PC rooms, all of which provide a facility for individuals to
play computer games. Survey data indicated that 45.2% of
the population spends their leisure time in PC rooms. This
percentage is higher than that at cinemas (33.5%), cafés
(31.2%), or bars (26.2%). Furthermore, approximately 63.8%
of adolescents regularly spend their leisure time in PC rooms
[4].
PC rooms became a top priority for the 2011 Complete
Smoking Ban placed on public indoor facilities. However, the
implementation of this ban on PC rooms was delayed until
2013. This ban was delayed because owners of PC rooms and
smokers’ groups argued that the ban was not necessary, citing smokers’ rights and the lack of evidence supporting the
effectiveness of a partial ban in protecting individuals from
SHS exposure.
In this study, we investigated the levels of SHS exposure
in smoking and non-smoking areas of PC rooms prior to
2013, to determine whether a complete smoking ban in PC
rooms in necessary. Thus, the results from this study will
provide data that will impact the debate on a complete smoking ban in PC rooms.

Materials and Methods
From June to September 2012, particulate matter (PM2.5)
and air nicotine concentrations (ANC) were measured in the
smoking and non-smoking areas of a random sample of 28
PC rooms. PC rooms were located in Goyang City, a residential satellite city of the capital Seoul. For each PC room, field
researchers completed an observational questionnaire on the
ventilation, air conditioning, and heating systems as well as
the facility’s policies on smoking (e.g., restricted or permitted
smoking, tobacco sales permitted, tobacco advertising allowed). In addition, field researches looked for evidence of
smoking. Monitoring equipment was concealed and measurements occurred in a blind manner (i.e., owners, employees, patrons, etc. had no knowledge of this study).
PM2.5 concentrations were measured using a MetOne Acrocet 531 Aerosol Particulate Profiler (Grants Pass, OR) for a
minimum of 30 minutes in the smoking and non-smoking
areas of each PC room. Researchers waited 10 minutes
between measurements taken in each PC room. All PM2.5
concentrations measured were multiplied by 8.33 to adjust
for the underestimation associated with monitoring the

gravimetric PM2.5 concentration using that machine [5].
ANC was measured using passive samplers (a 37-mm
polystyrene sampling cassette holding a Teflon-coated glass
fiber filter treated with 4% sodium bisulfate and 5% ethanol).
Passive samplers were hung 1-2 m from the floor and at least
1 m from open windows and ventilation systems in order to
avoid air circulation (i.e., “dead spots”). The sampling rate
was 24 mL/min and the calculated limit of detection was 0.05
µg/m3 over a 7-day sampling period. Exposed filters were
extracted and nicotine was analyzed using a gas chromatograph equipped with a nitrogen phosphorous detector
(7820A, Agilent Technologies, Santa Clara, CA) [6], with 10%
of the samples duplicated. Final ANC values were calculated
by subtracting out background levels measured using blank
samples.
Geometric means (GM) and geometric standard deviations
were calculated and statistical analyses were performed
using SAS ver. 9.3 (SAS Institute Inc., Cary, NC). This study
was approved by the Institutional Review Board of National
Cancer Center of Korea.

Results
All PC rooms had centralized air conditioning and heating
systems that were functioning during the rooms’ hours of
operation. According to the partial smoking ban implemented at the time this study was performed, all PC rooms
were required to obey the following regulations: install a
ventilation system for extracting smoke, prohibit the sale of
tobacco, ban promotion and advertisement of tobacco, and
had to post “no smoking” signs in non-smoking areas. In all
PC rooms, we observed the implementation of these regulations. Despite these rules being followed, evidence of smoking was identified in both smoking and non-smoking areas
in all PC rooms.
The GM of PM2.5 concentration in both smoking (GM,
174.77 µg/m3; range, 45.81 to 399.51 µg/m3) and non-smoking areas (GM, 93.38 µg/m3; range, 31.57 to 250.48 µg/m3)
was significantly higher than the guidelines set forth by the
World Health Organization (WHO). The WHO recommends
a level of 25 µg/m3 during a 24-hour period. PM2.5 concentrations in smoking areas were approximately twofold
higher than those in non-smoking areas (Table 1).
The GM of ANC in smoking and non-smoking areas was
not significantly different, 48.95 µg/m3 (range, 38.97 to 82.71
µg/m3) and 41.30 µg/m3 (range, 37.75 to 70.38 µg/m3),
respectively. Nine PC rooms had ANCs lower than the limit
of detection. We did not observe any difference in the GM of
PM2.5 concentrations between PC rooms in which ANC was
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Table 1. Geometric mean and standard deviation of PM2.5 and air nicotine concentration (ANC) in smoking and non-smoking
areas of 28 personal computer (PC) rooms in the Republic of Korea
Measure
PM2.5

ANCa)

Place

No.

GM

GSD

Min

Median

Max

Smoking and non-smoking combined
Smoking areas
Non-smoking areas
Smoking and non-smoking combined
Smoking areas
Non-smoking areas

28
28
28
19
19
19

136.07
174.77
93.38
45.25
48.95
41.30

1.65
1.70
1.73
1.16
1.20
1.15

48.11
45.81
31.57
38.53
38.97
37.75

137.33
189.49
104.13
44.05
47.08
39.28

324.99
399.51
250.48
69.16
82.71
70.38

PM, particulate matter; GM, geometric mean; GSD, geometric standard deviation; Min, minimum value; Max, maximum
value. a)Nine PC rooms that showed values lower than the limit of detection were not included in the calculation.

detected (n=19; GM, 98.81 µg/m3; range, 41.07 to 250.48 µg/
m3) and those rooms in which the ANC was below the limit
of detection (n=9; GM, 82.88 µg/m3; range, 31.57 to 239.24
µg/m3) (Table 1).

Discussion
On May 16, 2005, Korea ratified the Framework Convention on Tobacco Control, which accelerated implementation
of laws protecting individuals from the negative side effects
of SHS and reduced the prevalence of smoking (48.1% males
and 6.1% females) [7]. In June 2011, the amended National
Health Promotion Law expanded the complete smoking ban
to include recreational facilities. Recreational facilities, such
as PC rooms, are a location in which individuals spend the
majority of their leisure time [3,8]. The partial smoking ban
implemented prior to the Rewritten National Health Promotion Law of 2011 required facilities to construct a wall or air
curtain between smoking and non-smoking areas as well as
install ventilation systems to combat tobacco smoke [9].
However, the partial smoking ban did not prevent the flow
of tobacco smoke between areas.
Opponents of the 2011 law, including the owners of PC
rooms, organized to repeal the complete smoking ban and
argued that the law was unconstitutional. This action was
ultimately unsuccessful, but did delay implementation until
June 8, 2013. In this study, we measured the levels of tobacco
smoke in PC rooms prior to June 8, 2013, during the period
of delay of the complete smoking ban. Our results indicated
that the PM2.5 concentrations and ANC in the smoking and
non-smoking areas of PC rooms were similar. Thus, the
results of this study support implementation of a complete
smoking ban.
We observed ANCs that were greater than 10-fold higher
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that those in a previous report of ANCs in an entertainment
venue in Seoul that permits smoking without restriction [10].
The PM2.5 concentration observed in non-smoking areas of
PC rooms was very high. The PM2.5 concentration in smoking
and non-smoking areas combined was similar to those previously reported in cafés, bars/clubs, entertainment venues,
and smoking rooms worldwide [11-15]. Our results support
previous data in that we observed that SHS exposure in PC
rooms was very high and that the partial smoking ban is
unlikely to protect individuals in non-smoking areas from
SHS exposure [11,13,15,16].
By means of an official government report and an article
in a major daily newspaper [17], we announced our findings
to the public and informed Korean citizens that the most
effective protection from SHS exposure in non-smoking areas
is implementation of a complete smoking ban in PC rooms.
Although our study sampled only a small number of PC
rooms in one city, it supports the necessity of a complete
smoking ban.
The complete ban on smoking in PC rooms has been in
force since January 1, 2014 [3,8]. Furthermore, it stimulated
governmental efforts to expand smoke-free legislation in
Korea.

Conclusion
We conclude that our research supports the complete
smoking ban and may provide the necessary scientific evidence for other countries that have not yet implemented
comprehensive smoke-free policies.

Soon-Yeol Hong, Evidence Supporting Policy Change on Smoking Bans
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Open Access

Case Report

A Case Report of Partial Nephrectomy of
Mucinous Cystadenocarcinoma in Kidney and Its Literature Review

Mucinous cystadenocarcinoma (MC) of the kidney is a rare epithelial tumor originating
from the renal pelvic urothelium and few study cases have been reported. Because
of the rarity of these tumors and their unknown histogenesis, its diagnosis is difficult
until surgical exploration. We report here on a 55-year-old man referred to the urology
department from the hepatology department because of a cystic renal mass measuring approximately 5 cm in size, which was detected incidentally under ultrasonography during the routine examination of liver. The renal mass was finally diagnosed
as MC originating from kidney after partial nephrectomy and the patient still showed
no evidence of recurrence until 12 months postoperatively. This is the first report on
a case of renal MC in a patient who underwent partial nephrectomy. The aim of this
report is to present our unusual case of MC and also review the previous literature
on the pathological and radiological aspects of MC of kidney.
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Introduction
Mucinous cystadenocarcinoma (MC) of kidney is a rare
tumor comprising less than 1% of kidney malignancies of the
renal pelvis [1,2]. Because of the rarity of these tumors and their
unknown histogenesis, it is difficult to determine their exact
origin and proper treatment regimen. Diagnosis can often be
confusing preoperatively because they can be mistaken for
renal cystic disease. Surgical exploration is needed for the
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diagnosis and treatment, and many authors recommend
complete excision of retroperitoneal tumor [3,4]. We report
here on a 55-year-old male patient with MC of the kidney who
underwent partial nephrectomy (PN) of tumor excision without evidence of recurrence 12 months after surgery. To the best
of our knowledge, this is the first PN case ever reported of this
type of tumor from kidney origin. We also review the previous
literature on MC and share our experience of renal MC with
other clinicians in order to be aware of the characteristics of the
tumor in their clinical settings.

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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A

B

C
Fig. 1. Computed tomography (A), magnetic resonance (B), and ultrasonographic (C) images showing a large unilocular
renal cyst of the right kidney with multiple septation, a single mural nodule, and fluid materials filled in the cysts, but
separate from other adjacent organs.

Case Report
A 55-year-old man was referred to the urology department
from the hepatology department because of a cystic renal
mass measuring approximately 5 cm in size, which was
detected incidentally under ultrasonography during the
routine examination of liver. Ultrasonography showed a 5.5cm-sized complex cystic mass with irregular septa and an
echogenic portion in the right kidney classified as Bosniak
III or higher cyst (Fig. 1A). According to records from an
outside facility, the patient had a history of liver cirrhosis and
hypertension, and a benign renal cyst diagnosed 10 years ago
without further follow-up evaluation. He was originally
placed on observation because he was asymptomatic. He had
no clinical symptoms including palpable mass, weight reduction, anorexia, hematuria, and flank pain. Physical examination, including palpation of the renal mass over the
abdomen, did not show any abnormal findings. Laboratory
tests, including complete blood count, chemistry profile,
urinalysis, and chest X-ray, were all within normal limits,

except mildly elevated hepatic enzyme (glutamate oxaloacetate transaminase/glutamate pyruvate transaminase
101/35 IU/L), total bilirubin 1.3 mg/dL, alkaline phosphatase 128 IU/L, and ) glutathione transaminase 133 IU/L.
Abdominopelvic computed tomography (CT) and magnetic
resonance imaging scanning showed a 5.5-cm-sized Bosniak
III hemorrhagic cyst with a small amount of irregular
enhancing septa in the posteroinferior part in the right
kidney (Fig. 1B and C). There was no evidence of extracystic
extension or distant metastasis in the abdominopelvic cavity.
Open retroperitoneal PN was performed successfully
without complication such as ruptured cyst. On surgical
exploration, an endophytic 5.8!3.5!2.5-cm-sized cystic
tumor revealed originating from the middle area of the right
kidney with a free resection margin of 3 mm from the normal
renal parenchyme resulting in a total resected size of
6.9!5.0!1.4 cm including cystic tumor and renal tissue
weighed approximately 27 g (Fig. 2). The cystic tumor was
constituted with unilocular cystic and solid structure filled
with dark brown gelatinous mucus contained materials
adjacent to the renal capsule. The inner surface of the cyst
VOLUME 48 NUMBER 2 APRIL 2016
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Fig. 2. (A) Fresh and formalin fixed specimen of renal cystic mass after partial nephrectomy. (B) Areas of the cyst wall lined
by atypical mucinous epithelium showing stratification and stroma-free papillae (H&E staining, !40). The tumor cells invade
into the capsular stroma. There is no endometrial stroma-like structure under the tumor epithelial lining. (C) Atypical
mucinous epithelium with patchy cytokeratin 7 staining (!400). Atypical mucinous epithelium with diffuse strong staining
for the MUC2 and MUC5AC gene products (!400).

was smooth and the cystic wall measured 0.2 cm at the
maximum thickness. There was no evidence of capsular
rupture. Microscopically, there was no necrosis, no vascular
invasion, and no capsular, perirenal, or peritumoral fat invasion was found, and there were no tumor cells in the mucus
component (Fig. 2). However, the tumor extended to the
tumor stroma. When viewed microscopically, the cyst wall
was mostly lined by cuboidal to columnar mucinous cells of
the intestinal type. In most areas, the cells were singlelayered, with mild atypia. Broad projections with fibrous
cores covered by similar mucinous epithelium were occasionally seen. In foci, the cells were stratified, with mild to
moderate atypia and mitotic activity. The fibrous cyst wall
showed the presence of spaces containing mucin and was
lined by atypical cells. The tumor cells invaded into the
capsule stroma (Fig. 2). Immunochemical staining showed
that pan-cytokeratin, cytokeratin-7, and cytokeratin-20,
epithelial membrane antigen, and MUC-2, MUC-5AC were
positive, and %-methylacyl-CoA racemase and vimentin
negative in carcinoma cells. Focal positive membranous
staining for carcinoembryonic antigen (CEA) was found in
the epithelial cells of the benign and atypical components.
Thus final diagnosis with pathologic staging was T1bNxM0
with retroperitoneal MC of the kidney.
On postoperative seventh day, the patient was discharged
without complication and on the 10th day, the serum
concentration of CEA was decreased from preoperative 7.3
to within normal limits postoperatively (3.2 ng/mL). The
patient was followed up until 12-months without any signs
of recurrence on the follow-up abdominopelvic CT after the
operation.
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Discussion
Since the first report of MC of retroperitoneum (RMC) in
1977 by Roth and Ehrlich [5], approximately 50 cases of RMC
have been reported in the English medical literature [3,4-7].
MC of kidney is a much rarer epithelial tumor, comprising
less than 1% of malignancies, from epithelium of the renal
pelvis [1,2]. In RMC there is a distinctive gender difference
in mean presenting age, with 55 years old in men and 42.2
years old in women, and the size of MC in kidney ranged
from 5 to 24 cm in diameter. Several theories of histogenesis
of renal MC have been suggested to explain the metaplastic
formation of glands in the pleuripotent uroepithelium of the
collecting system. Three histogenetic suggestions are theories
of chronic irritation, differentiation of coelomic epithelium,
and maldevelopment of kidney [8]. To date, the increasing
supported hypothesis is the theory of chronic irritation
which causes high pressure resulting in metaplastic formation of transitional uroepithelium on the renal pelvis. The
next supported theory was that of the differentiated coelomic
epithelium [1,9,10].
The clinical course appeared to be to be mostly indolent,
but asymptomatic hematuria, mucusuria, flank pain, and
palpable mass might also be presented. The overall prognosis and tumor biology of these tumors were uncertain
because of their rarity and the short-term follow-up reports;
however, renal MC was presumed to become aggressive so
that radical or simple nephrectomy has been suggested as a
definitive treatment in previous studies [1]. Some suggested
an additional ureterectomy in case of presenting mucusuria
to prevent implantation of tumor cells by mucusuria, because
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renal MCs were able to develop in any location, such as bladder, ureter, and renal calyces where urothelium was present.
Reported prognosis appeared to be slightly better for male
gender than female gender and the longest reported followup period with good prognosis was 79 months [6]. Our case
was a 55-year-old male with a localized renal MC without
evidence of metastasis or invasion of adjacent organ or any
evidence of mucusuria. After careful history taking and
review of the radiologic evaluation, the slowly growing characteristics of the cystic tumor for more than 5 years and early
detection of a renal mass found localized enough for PN
enabled surgeons to perform PN successfully for preservation of renal function without tumor violation including
cystic rupture. Despite a postoperative short follow-up
period of 12 months, the patient was still in a healthy state
without evidence of recurrence or elevation of tumor markers. However, further follow-up would be required due to
its unknown clinicopathological property.
Radiologic tests including ultrasonography, CT, or
magnetic resonance imaging are used to localize the tumor
and to evaluate its nature. A mural nodule demonstrated
within a septated cyst by ultrasonography or CT has been
reported to suggest Bosniak classification III as a malignancy
and the presence of a mural nodule within the cyst wall
portends worse prognosis, given that 75% of patients who
died had a mural nodule [4]. However, it is often difficult to
differentiate a benign from a malignant neoplasm, or even to
determine the origin site of the tumor using preoperative
radiologic images. Those previous reports did not provide
information regarding correlation of the mural nodules with
a frankly malignant histology. Our patient also had a mural
like nodule composed of pleomorphic sarcomatoid cells with
mitotic figures in both the imaging studies and in the final
pathology. Cases with a mural nodule may have an aggressive prognosis like ovarian cancers; therefore, careful histological assessment and careful postoperative follow-up were
recommended for all mural nodules [4]. Other reports

suggested that serum tumor markers rarely assist in the
diagnosis or follow-up and the presence of glandular epithelial cells and high levels of CEA in the cystic fluid was very
useful for making the diagnosis [11]. However, despite the
presence of a mural nodule and a preoperative high CEA
level of 7.3 ng/dL in this case, the tumor was successfully
treated surgically and no tumor recurrence on CT follow-ups
was detected until postoperative 1 year.
Pathologically, the benign and borderline mucinous
epithelium in their cases showed apical membranous staining for CEA, whereas the areas of MC showed more extensive, cytoplasmic staining with this marker [11]. The staining
pattern for both cytokeratin 7 and cytokeratin 20 in the
current case is also similar to the pattern seen in ovarian
mucinous tumors of the intestinal type [12]. The pattern of
expression of the mucin peptide core antigens in this case is
interesting, with strong diffuse expression of both gastrictype (MUC5AC) and intestinal type (MUC2) antigens [12,13].
MUC5AC gene expression has been found in 98%-100% of
MC by immunohistoc-hemistry [13], whereas MUC2 gene
expression has been noted in 70%-100% of ovarian mucinous
carcinomas [13,14]. Lower levels of MUC2 expression were
observed in borderline and benign ovarian mucinous tumors
[13]. These immunostaining results, similar to those of our
current case, might support another differentiation of
coelomic epithelium theory of MC histogenesis originating
from the peritoneum (mesothelium) undergoing mucinous
metaplasia and mucinous cystadenoma [15]. These may then
progress on to borderline and malignant mucinous tumors.
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Case Report

Intrathecal Trastuzumab Treatment in Patients with Breast Cancer and
Leptomeningeal Carcinomatosis

Leptomeningeal carcinomatosis is a fatal manifestation of metastatic breast cancer.
Investigation of intrathecal (IT) trastuzumab for leptomeningeal carcinomatosis is
currently underway; however, there has been no consensus. We report on two cases
of human epidermal growth factor receptor 2 positive (HER2+) breast cancer following
IT trastuzumab for leptomeningeal carcinomatosis. The first patient was treated with
weekly IT 15 mg methotrexate plus IT 50 mg trastuzumab for 7 months, followed by
IT trastuzumab (50 mg > 25 mg) for 18 months. The other patient received IT trastuzumab with systemic chemotherapy (trastuzumab and/or paclitaxel) for 13 months.
Good control of leptomeningeal disease was achieved with IT trastuzumab in both
patients, with survival durations of 20 and 29 months, respectively. We suggest that
IT trastuzumab is a promising treatment for patients with HER2+ breast cancer and
leptomeningeal carcinomatosis.
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Introduction

is 3-5 months [1,2]. Investigation of intrathecal (IT) treatment
with trastuzumab for leptomeningeal carcinomatosis is currently underway; however, there has been no consensus [3].
We report on two cases of human epidermal growth factor
receptor 2 positive (HER2+) breast cancer treated with IT
trastuzumab for leptomeningeal carcinomatosis.

Leptomeningeal carcinomatosis is a rare but fatal manifestation of metastatic breast cancer, with limited treatment
options [1]. Median overall survival of untreated patients
with leptomeningeal carcinomatosis is only 4-6 weeks.
Although the prognosis for patients with breast cancer and
leptomeningeal carcinomatosis is relatively good compared
with that of patients with other solid tumors, overall survival
│ http://www.e-crt.org │
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Case Report
1. Case 1
A 47-year-old woman presented with a palpable mass on
the left breast in May 2003. A modified radical mastectomy
was performed, and HER2+ infiltrating ductal carcinoma
(stage IIIB, nuclear grade I, estrogen receptor [ER]+, progesterone receptor [PR]+, HER2+ [immunohistochemistry
2+ and fluorescence in situ hybridization+]) was confirmed
by histopathological examination. Metastasis to nine of 10
lymph nodes was detected, thus six cycles of adjuvant
chemotherapy with cyclophosphamide, doxorubicin, and
5-fluorouracil (5-FU) were given, followed by adjuvant radiation therapy and hormonal therapy with toremifene.
In February 2005, she developed symptoms of central
nervous system (CNS) involvement, including headache,
nausea, and vomiting. Contrast-enhanced magnetic resonance imaging (MRI) of the brain showed multiple metastatic tumor masses in the cerebrum and cerebellum. She
received whole brain radiotherapy for the brain metastases
and started palliative hormone therapy with goserelin plus
anastrozole.
Despite improvement in some brain metastatic lesions
with therapy, in April 2007, contrast-enhanced brain
MRI showed new brain metastases. Examination of the
cerebrospinal fluid (CSF) showed a few degenerated lymphocytes. The treatment was changed to goserelin plus
tamoxifen and was continued until February 2010 when
metastases to the right supraclavicular lymph node, right

A

neck, and chest wall were noted at restaging. After she
underwent navigation-guided tumor mass removal of brain
metastases and excision of the right chest wall mass in April
2010, she received three cycles of chemotherapy with docetaxel plus doxorubidin. She was subsequently treated with
four additional palliative lines of chemotherapy, including
14 cycles of intravenous (IV) trastuzumab (July 2010-April
2011), xeloda plus lapatinib (May 2011-December 2011), gemcitabine plus cisplatin (February 2012, 1 cycle), and CMF
(cyclophosphamide, methotrexate plus 5-FU, March 2012May 2012, 3 cycles). She underwent stereotatic radiosurgery
(SRS) twice for brain metastases in 2008 and 2011.
In April 2012, the patient developed headache, vomiting,
and gait disturbance. Newly visible and increased multifocal
enhancing nodules in both frontal, the right parietal, and
both cerebellar hemispheres were detected by contrastenhanced brain MRI (Fig. 1A). A CSF analysis showed many
atypical cells. Metastases to the liver, common bile duct,
lung, and right pleura were also confirmed by positron emission tomography–computed tomography.
After SRS for parenchymal metastases of the brain, weekly
IT 50 mg trastuzumab plus IT 15-mg methotrexate through
the Ommaya reservoir was begun for the leptomeningeal
nodules. Although she presented with mild weakness of the
lower extremities, brain MRI showed remarkable improvement in the leptomeningeal nodules after 5 months of IT
chemotherapy (Fig. 1B). In addition, CSF cytology was free
of malignant or atypical cells during IT therapy, with complete resolution of symptoms in 2 days.
The therapy was well tolerated, and she received 20
administrations of weekly IT trastuzumab plus methotrexate

B

C

Fig. 1. Case 1 contrast-enhanced T1-weighted brain magnetic resonance image (MRI). (A) Multifocal enhanced nodules were
detected in both frontal, the right parietal, and both cerebellar hemispheres at the beginning of intrathecal (IT) trastuzumab
in April 2012. (B) A remarkable improvement in the leptomeningeal nodules was detected after 5 months of IT trastuzumab
therapy in September 2012. (C) No evidence of newly developed enhancing nodules was detected in January 2013 after more
than 9 months of IT trastuzumab therapy. Brain MRI shows complete remission of the brain mass (by Response Evaluation
Criteria in Solid Tumors).
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A
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C

Fig. 2. Case 2 contrast-enhanced T1-weighted brain magnetic resonance image (MRI). (A) Contrast-enhanced MRI of the
brain showed new multifocal leptomeningeal seeding in both Sylvian fissures, the prepontine cistern, the perimesencephalon,
and the left cerebellopontine angle at the beginning of intrathecal (IT) trastuzumab treatment in January 2012. (B) Decreased
size of the brain parenchymal metastatic mass and leptomeningeal nodules was documented after 8 months of IT trastuzumab
therapy in September 2012, compared with brain MRI at the beginning of IT trastuzumab. (C) No evidence of newly developed enhancing nodules was detected after 18 months of IT trastuzumab therapy in July 2013.

over 7 months. The IT methotrexate was stopped transiently
due to gait disturbance, but no evidence of newly developed
enhancing nodules was observed on brain MRI until January
2013 (Fig. 1C). She continued weekly IT chemotherapy with
a reduced dose of trastuzumab (25 mg) for maintenance therapy and received 59 administrations during 18 months, with
complete response of the brain mass, indicating complete
disappearance of the radiological findings compared to the
baseline examination [4].
Unfortunately, in November 2013, she refused further
treatment due to progression of systemic disease and poor
performance status. She died 2 months after the last IT
trastuzumab administration in January 2014, after surviving
more than 20 months since the diagnosis of leptomeningeal
carcinomatosis.
2. Case 2
A 42-year-old woman presented with a palpable mass on
the right breast in July 2008. Histopathological examination
of the specimens sampled by fine-needle biopsy revealed
HER2 amplified infiltrating ductal carcinoma (nuclear grade
II, intermediate, ER$, PR$, HER2 3+; clinical stage cT2N1M0,
IIB). After receiving four cycles of neoadjuvant chemotherapy with doxorubicin and docetaxel, she underwent a right
half mastectomy with reconstruction in November 2008.
Metastasis to five of 11 axillary lymph nodes was confirmed,
thus, two cycles of doxorubicin and docetaxel were administered, followed by adjuvant radiation therapy.
In April 2010, she presented with headache, dizziness, nausea, dysarthria, and showed a tendency to fall to the right.

Contrast-enhanced brain MRI showed a metastatic tumor
mass on the cerebellar vermis, and local relapse was also
detected in the right breast by restaging. The intratentorial
supracerebellar tumor mass was removed, and a duroplasty
was performed with a modified radical mastectomy in May
2010. Definite improvement in neurological symptoms was
observed after the surgery. She received xeloda single
chemotherapy from July 2010 to March 2011.
However, she presented again in January 2012 with symptoms of increased intracranial pressure, including headache,
nausea, and vomiting. Contrast-enhanced MRI of the brain
showed new multifocal leptomeningeal seeding (Fig. 2A),
and CSF obtained by lumbar puncture showed a few atypical
cells and a slightly elevated protein level (58.9 mg/dL).
She started weekly IT therapy with escalating doses of
trastuzumab (25 mg > 50 mg) with IV trastuzumab (2 mg/
kg) plus IV paclitaxel (80 mg/m2). After eight cycles of
chemotherapy, she was treated by whole brain radiotherapy,
followed by weekly IV and IT trastuzumab (50 mg) as maintenance therapy. In May 2012, after 16 cycles of therapy, her
regimen was changed to three weekly IV trastuzumab plus
IT trastuzumab (50 mg) treatments.
The treatments were well tolerated without severe toxicity.
The CSF remained free of malignant or even atypical cells
during IT therapy, and, compared with the brain MRI at the
beginning of the IT trastuzumab cycle, the brain parenchymal metastatic mass and leptomeningeal nodules had
decreased in size (Fig. 2B and C).
The patient received a total of 33 administrations of weekly
and three weekly IV plus IT trastuzumab treatments over 13
months with complete resolution of neurological symptoms
VOLUME 48 NUMBER 2 APRIL 2016
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(24 and 9 cycles, respectively). Although IT trastuzumab
therapy was stopped due to dizziness, she remains alive,
with survival of more than 29 months since being diagnosed
with leptomeningeal carcinomatosis.

Discussion
Leptomeningeal carcinomatosis from HER2+ breast cancer
is rare but important because of its increasing incidence and
devastating clinical course [5]. Advances in early diagnosis
of CNS diseases have been made in recent decades, and systemic chemotherapy, particularly with trastuzumab, has
extended survival of patients with HER2+ breast cancer [6],
however, despite aggressive treatment, prognosis of leptomeningeal carcinomatosis is still poor [1,2].
The blood brain barrier (BBB) limits penetration of
> 200-kDa-sized molecules into the CNS [7,8]. Thus, systemically administered trastuzumab, a 185-kDa monoclonal
antibody, has only minimal infiltration into the CSF through
an intact BBB. Pestalozzi and Brignoli [7] reported that the
trastuzumab level in CSF was 300-fold lower than that in
serum of patients with leptomeningeal carcinomatosis
receiving IV weekly trastuzumab therapy. A study by
Stemmler et al. [8] also showed that the ratio of median
serum trastuzumab level to median CSF trastuzumab level
was 420:1, although the ratio improved to 76:1 due to an
impaired BBB after radiotherapy. Therefore, IT therapy with
trastuzumab is an attractive therapeutic option for achievement of a high CSF drug concentration with a smaller dose,
while reducing systemic drug toxicity.
In case studies reporting successful results of IT therapy
with trastuzumab in patients with leptomeningeal carcinomatosis from HER2+ breast cancer, IT trastuzumab was
administered in various doses of 25-150 mg and using different schedules, including weekly to every 3 weeks [4,9,10].

The case report by Hofer et al. [11] demonstrated the efficacy
of IT trastuzumab at a dose of 150 mg at 3 weekly intervals,
but there is the question of whether long-term therapy over
6 months with such a high dose is safe and well-tolerable.
According to a systematic review and pooled analysis by
Zagouri et al. [4], a significant improvement in overall survival was observed in 68.8% of cases, but no evidence has
shown that a particular method is superior to another.
Good control of leptomeningeal disease was achieved with
IT trastuzumab in both of our patients, even though the first
patient was heavily treated with five lines of cytotoxic
chemotherapy and three lines of hormonal therapy, with survival durations of 20 and 29 months, respectively. Our report
also demonstrates that long-term IT therapy with relatively
high trastuzumab doses (25-50 mg) for more than 1 year is
safe and efficacious without severe disability of cognitive
function.
We suggest that IT trastuzumab is a promising treatment
for patients with HER2+ breast cancer and leptomeningeal
carcinomatosis. Further studies are warranted in order to
optimize dose, interval, maintenance duration, and combination drugs for treatment, and to standardize consensual
response criteria.

Conflicts of Interest
Conflict of interest relevant to this article was not reported.

Acknowledgments
This work was supported by the Soonchunhyang University Research Fund.

References
1. Grossman SA, Krabak MJ. Leptomeningeal carcinomatosis.
Cancer Treat Rev. 1999;25:103-19.
2. Jayson GC, Howell A. Carcinomatous meningitis in solid
tumours. Ann Oncol. 1996;7:773-86.
3. Pienkowski T, Zielinski CC. Trastuzumab treatment in
patients with breast cancer and metastatic CNS disease. Ann
Oncol. 2010;21:917-24.
4. Zagouri F, Sergentanis TN, Bartsch R, Berghoff AS, Chrysikos

846

CANCER RESEARCH AND TREATMENT

D, de Azambuja E, et al. Intrathecal administration of trastuzumab for the treatment of meningeal carcinomatosis in HER2positive metastatic breast cancer: a systematic review and
pooled analysis. Breast Cancer Res Treat. 2013;139:13-22.
5. Clarke JL, Perez HR, Jacks LM, Panageas KS, Deangelis LM.
Leptomeningeal metastases in the MRI era. Neurology. 2010;
74:1449-54.
6. Baselga J, Perez EA, Pienkowski T, Bell R. Adjuvant trastuz-

Won-Young Park, Intrathecal Therapy for Leptomeningeal Metastases

umab: a milestone in the treatment of HER-2-positive early
breast cancer. Oncologist. 2006;11 Suppl 1:4-12.
7. Pestalozzi BC, Brignoli S. Trastuzumab in CSF. J Clin Oncol.
2000;18:2349-51.
8. Stemmler HJ, Schmitt M, Willems A, Bernhard H, Harbeck N,
Heinemann V. Ratio of trastuzumab levels in serum and cerebrospinal fluid is altered in HER2-positive breast cancer
patients with brain metastases and impairment of blood-brain
barrier. Anticancer Drugs. 2007;18:23-8.
9. Le Rhun E, Taillibert S, Chamberlain MC. Carcinomatous

meningitis: Leptomeningeal metastases in solid tumors. Surg
Neurol Int. 2013;4(Suppl 4):S265-88.
10. Mir O, Ropert S, Alexandre J, Lemare F, Goldwasser F. Highdose intrathecal trastuzumab for leptomeningeal metastases
secondary to HER-2 overexpressing breast cancer. Ann Oncol.
2008;19:1978-80.
11. Hofer S, Mengele K, Stemmler HJ, Schmitt M, Pestalozzi B.
Intrathecal trastuzumab: dose matters. Acta Oncol. 2012;51:
955-6.

VOLUME 48 NUMBER 2 APRIL 2016

847

pISSN 1598-2998, eISSN 2005-9256
http://dx.doi.org/10.4143/crt.2014.310

Cancer Res Treat. 2016;48(2):848-852

Open Access

Case Report

Dermatomyositis in a Patient with Cholangiocarcinoma Detected by an
[18F]-Fluorodeoxyglucose Positron Emission Tomography–Computed
Tomography Scan

Koung Jin Suh, MD1
Jin Kyun Park, MD, PhD2
Seongcheol Cho, MD1
Hyunkyung Park, MD1
Hae Woon Baek, MD3
Kyoungbun Lee, MD, PhD3
Dong Soo Lee, MD, PhD4
Kyung-Hun Lee, MD1,5

1
Division of Hematology and Medical Oncology,
Department of Internal Medicine,
2
Division of Rheumatology,
Department of Internal Medicine,
Departments of 3Pathology and
4
Nuclear Medicine,
Seoul National University Hospital, Seoul,
5
Cancer Research Institute,
Seoul National University, Seoul, Korea

+ + + + + + + +Kyung-Hun
+ + + + +Lee,
+ +MD+ + + +
+ Correspondence:
+
+
+
+
+
+
+
+
+
+
+
+
+
+++++
+ Department
+ + + + +of+Internal
+ + + Medicine,
+++++++++
+ Seoul
+ + +National
+ + +University
+ + + + Hospital,
++++++++
+ 101
+ +Daehak-ro,
+ + + + Jongno-gu,
+ + + + +Seoul
+ +03080,
+ + +Korea
++
+ Tel:
+ +82-2-2072-7207
++++++++++++++++
+ Fax:
+ +82-2-2072-7379
++++++++++++++++
+ E-mail:
+ + + kyunghunlee@snu.ac.kr
+++++++++++++++
+++++++++++++++++++
+ Received
+ + + +October
+ + + 30,
+ +2014
+++++++++
+ Accepted
+ + + + January
+ + + 15,
+ +2015
+++++++++
+ Published
+ + + + Online
+ + + March
+ + +18,+ 2015
+++++++
+++++++++++++++++++

Cholangiocarcinoma with paraneoplastic dermatomyositis (DM) is extremely rare, and
the whole body positron emission tomography–computed tomography (PET-CT) finding of paraneoplastic DM is rarely reported. We report a 66-year-old woman with
metastatic cholangiocarcinoma, initially presented with bilateral proximal muscle
uptake on PET-CT without clinical muscle symptoms. The initial interpretation of the
high muscle uptake was metastasis to the muscles. However, while awaiting for
chemotherapy, muscle weakness evolved and rapidly progressed. The level of creatine phosphokinase was significantly elevated. Electromyography revealed moderate
myopathy, and a muscle biopsy showed degenerating myofibers with variable sizes.
The diagnosis of paraneoplastic dermatomyositis was made. This case highlights that,
although rare, paraneoplastic dermatomyositis can be present with cholangiocarcinoma. Also, muscle inflammation can precede the clinical muscle symptoms, and
paraneoplastic DM should be considered as a possible differential diagnosis in the
assessment of cancer patients who present with abnormal muscle tracer uptake in
PET-CT scans.

+
+
+
+
+
+
+
+
+
+
+
+
+

Introduction
Dermatomyositis (DM), as an idiopathic inflammatory
myopathy, is associated with increased risk of malignant
disease [1]. Non-Hodgkin’s lymphoma and ovarian, lung,
gastric, colorectal, and pancreatic cancers are all commonly
associated with DM [2]. Cholangiocarcinoma with paraneoplastic DM is extremely rare [3-5], and the whole body
positron emission tomography–computed tomography
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(PET-CT) finding of paraneoplastic DM is rarely reported. In
this report, we describe a rare case of paraneoplastic DM in
a patient with cholangiocarcinoma, showing strong diffuse
proximal muscle uptake in a whole body PET-CT scan before
any muscle symptoms developed.
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Case Report
A 66-year-old woman with a history of hypertension
experienced general weakness, anorexia, and poor oral
intake over a 2-month period. She had not consumed any
alcohol, and her physical examination indicated no abnormalities. Laboratory tests showed elevated levels of aspartate
aminotransferase and alanine aminotransferase, which were
419 IU/mL and 176 IU/mL, respectively. Tests for antibodies
against hepatitis B surface antigen, hepatitis C virus, and
human immunodeficiency were negative. The patient had
serum carbohydrate antigen 19-9 levels of 9,446 U/mL
(reference range, 0 to 37 U/mL), alpha-fetoprotein levels
of 27.52 ng/mL (reference range, 0.89 to 8.78 ng/mL), and
carcinoembryonic antigen levels of 2.4 ng/mL (reference
range, 0 to 5 ng/mL). A computed tomography (CT) scan of
the abdomen and pelvis revealed multiple masses in lobes
of the liver, peritoneal nodules, and multiple enlarged lymph
nodes in the retrocrural, aortocaval, paraaortic, and external
iliac areas. Magnetic resonance imaging (MRI) of the
patient’s liver indicated multiple, gradually enhancing
peripheral masses in both lobes of the liver; the largest of
these masses measured 7.5 cm. A biopsy of the liver mass
indicated cholangiocarcinoma (Fig. 1A). Consistent with
a diagnosis of cholangiocarcinoma, immunostaining for
cytokeratin 19 was positive (Fig. 1B) and staining for alphafetoprotein was negative (not shown).
While awaiting chemotherapy, the patient developed
muscle weakness in her lower extremities, which progressed
rapidly; she was unable to ambulate 10 days later. She denied
any myalgia. Upon neurological examination, it was found
that the flexion power of both hips was decreased to grade
III, and knee flexion was reduced to grade IV. In the distal

A

muscle groups, muscle strength was intact. The patient had
bluish-purple skin lesions on her upper eyelids, and erythematous papules over her knuckles (Gottron’s sign). An MRI
of her spine showed no evidence of cord compression. Interestingly, a whole body PET-CT scan (Briograph mCT 40,
Siemens Medical Solutions, Knoxville, TN), which was performed a week before the onset of muscle weakness, indicated diffuse [18F]-fluorodeoxyglucose (FDG) uptake in the
skin and whole muscles, in addition to both of the hepatic
lobes, lymph nodes, lung, peritoneum, and L3 vertebra (Figs.
2A and 3A). Symmetrically proximal and bilateral FDG
uptake was primarily in the shoulders, upper arms, back,
hips, and thigh muscles. The patient had elevated creatine
phosphokinase (CK) levels of 7,748 IU/L (reference range,
20 to 270 IU/L), lactic dehydrogenase levels of 1,833 IU/L
(reference range, 100 to 225 IU/L), and aldolase levels of 32.6
U/L (reference range, below 7.6 U/L). An antinuclear antibody test was positive at 1:320. An anti-Jo-1 antibody test
was negative. Electromyography revealed moderate myopathy. A muscle biopsy taken from the patient’s upper right
thigh showed degenerating and regenerating myofibers with
variable sizes, endomysial fibrosis, and fat ingrowth, but no
evidence of vasculitis or tumor cell infiltrates (Fig. 4). The
patient was diagnosed with cholangiocarcinoma with paraneoplastic DM, and treatment with high-dose corticosteroids
and chemotherapy consisting of gemcitabine, and cisplatin
was initiated. After two cycles of chemotherapy, CT and
whole body PET-CT scans showed a marked reduction in
cancer burden. FDG uptake in the skin and muscles was
resolved (Figs. 2B and 3B). The patient’s skin lesions almost
completely disappeared, and her CK levels normalized.
However, the muscle weakness improved gradually.

B

Fig. 1. Photomicrographs of the liver biopsy. (A) The liver biopsy indicated adenocarcinoma (H&E staining, !100). (B) The
tumor cells were positive for cytokeratin 19 (!200).
VOLUME 48 NUMBER 2 APRIL 2016
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B

Fig. 2. Representative [18F]-fluorodeoxyglucose (FDG) positron emission tomography–computed tomography (PET-CT)
images of the patient. Whole-body PET-CT was performed using FDG, scanning started 60 to 90 minutes after tracer injection,
and images obtained in transverse, coronal, and sagittal planes were reconstructed. (A) Baseline maximum intensity projection (MIP) image. (B) MIP image after two cycles of chemotherapy.

Discussion
Cholangiocarcinoma with paraneoplastic DM is extremely
rare [3-5], and biopsy-proven cholangiocarcinoma in an
established DM patient has only been reported by Knowles
et al. [3]. The whole body PET-CT findings of paraneoplastic
DM are also rare, even though PET-CT is frequently used as
a tool for detecting and staging of malignant tumors. The
principle underlying this use of PET-CT is that cancer cells
use more energy than normal tissues, and therefore, take
up and retain more glucose than noncancerous cells [6]. In
general, skeletal muscles show no significant uptake of the
tracer in a well-prepared patient; however, high muscle
uptake of FDG, due to highly metabolically active cells, may
be observed in association with inflammatory conditions,
such as musculoskeletal infection, vasculitis, and myositis
[7]. Pathologic FDG uptake can also be seen in primary
muscle tumors, metastases to muscles, and other uncommon
malignant process, e.g., muscle lymphoma [8]. Interestingly,
diffuse FDG uptake in the bilateral proximal muscles of our
patient appeared before the onset of muscle weakness, and
our initial interpretation of the high muscle uptake was
metastasis to the muscles from the underlying cholangiocarcinoma. This case indicates that muscle inflammation can
precede the onset of clinical DM symptoms. As such, paraneoplastic DM should be considered as a possible diagnosis
in cancer patients with abnormal tracer muscle uptake in
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PET-CT scans.
Recent studies have suggested that DM might arise as an
autoimmune response against cancer which cross-reacts with
regenerating muscle cells [9,10]. Casciola-Rosen et al. [9] have
reported that myositis-specific autoantigens are expressed in
both tumor cells and undifferentiated myoblasts, which
indicate that these cells express similar proteins, and that
these proteins can serve as autoantigens. Kaji et al. [10] have
previously identified a novel autoantibody (anti-155/140
antibody), which is highly specific for paraneoplastic DM. In
this context, the successful treatment of underlying malignant disease might improve the clinical course of myositis
because it decreases tumor proteins, which serve as autoantigens; indeed, improvement of DM was observed after cancer
treatment [11,12]. However, our patient did not show any
significant improvement in muscle strength following the
treatment of underlying malignancy. One possible explanation for this is that a high tumor burden decreases relatively
slowly with cytotoxic chemotherapy. Another explanation
could be that the patient’s rapid myositis progression and
refractoriness to therapy was indicative of autoimmune
antibodies that are reactive against the signal recognition
particle (SRP). Anti-SRP antibodies are detected in ~5% of
patients with idiopathic inflammatory myopathy, and the
presence of anti-SRP antibodies is frequently associated with
acute onset severe myopathy. Acute onset severe myopathy
is associated with muscle enzyme elevation and systemic features, including dysphagia, and has been shown to be refrac-
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A

B

Fig. 3. Results of baseline and post-treatment examinations. (A) Baseline whole-body [18F]-fluorodeoxyglucose (FDG)
positron emission tomography–computed tomography (PET-CT) scan showed diffuse increased uptake in the proximal muscle groups, including the shoulders, upper arms, back, hips, and thighs, in addition to both of the hepatic lobes, lymph nodes,
lung, peritoneum, and L3 vertebra. (B) Whole body FDG PET-CT scan after two cycles of chemotherapy demonstrated a
marked reduction in cancer burden and muscle uptake.

tory to standard treatments [13]. B Cell depletion, using rituximab, has been used in patients with refractory DM, and
good results have also been reported in the treatment of antiSRP myopathy [14]. In such cases, perivascular muscle fiber
necrosis and endomysial fibrosis, with little or no inflammatory cell infiltrates, are frequently found [15]. In the present
case, anti-SRP myopathy was considered as a potential diagnosis, given the rapid progression of muscle weakness, relatively high levels of CK, endomysial fibrosis with little
inflammatory cell infiltration, and refractoriness to treatment. However, the laboratory test for anti-SRP was not
available; hence, the investigation did not proceed further.
Paraneoplastic DM, although rare, can occur with a cholangiocarcinoma, and inflammatory infiltrates observed using
PET scans can precede the onset of clinical muscle symp-

toms. Once identified, paraneoplastic DM could be treated
with steroids, as well as chemotherapy. This case illustrates
the importance of considering paraneoplastic DM as a
possible differential diagnosis in the assessment of cancer
patients who present with abnormal tracer muscle uptake in
PET-CT scans. In such cases, attention should be paid to the
development of muscle weakness.
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Fig. 4. Photomicrograph of muscle biopsy. Atrophic
myofibers and degenerating and regenerating myofibers
of variable sizes are shown (H&E staining, !400). There
was no evidence of vasculitis or tumor cell infiltrates.
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Open Access

Case Report

PTEN Methylation Dependent Sinonasal Mucosal Melanoma

Sinonasal mucosal melanoma (SMM) is an aggressive and rare type of melanoma.
Although the classic RAS-RAF-MEK pathway is thought to be the main pathway
involved in melanoma pathogenesis, genetic alterations in the phosphatidylinositol
3-kinase–AKT pathway, including PTEN-regulated signaling, are also thought to contribute. So far, data regarding altered PTEN expression and epigenetic mechanism of
PTEN silencing in development of SMM is extremely limited. Herein we report on a
case of SMM with liver and bone metastases with an epigenetic alteration of PTEN.
Results of mutation analysis for BRAF, NRAS, HRAS, KRAS, PIK3CA, c-Kit, and PTEN
were negative; however, methylation of PTEN CpG islands was observed. Our case
not only supports PTEN as a major tumor suppressor involved in melanoma tumorigenesis, but also a potential epigenetic mechanism of PTEN silencing in development
of SMM.
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Introduction
Sinonasal mucosal melanoma (SMM) is an extremely rare
tumor, accounting for less than 1% of all western melanomas
[1]. The general incidence of SMM in Asia is poorly understood and under-represented in the English literature. It is a
mucosal melanocytic neoplasm characterized by a high tendency to recur and metastasize to various distant sites. The
│ http://www.e-crt.org │
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molecular-driven stepwise transformation of melanocytes
has been extensively documented in melanoma, however,
much less is known about the rarer and more aggressive
forms of primary mucosal melanoma, including SMM.
Aberrant activation of the mitogen-activated protein
kinase (MAPK) pathway has been reported in 70% of melanoma, and it has been considered that the MAPK pathway
is the major signaling pathway involved in melanoma pathogenesis. Mutations in proteins along the RAS-RAF-MEK
Copyright ⓒ 2016 by the Korean Cancer Association
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pathway have been well documented in melanoma, with
diverse variations according to its subtypes (63% BRAF, 26%
NRAS, and 3% KIT in overall) [2]. Recently, therapies targeting mutations of the MAPK pathway have brought significant survival improvement, particularly with the BRAF
inhibitor targeting V600E BRAF mutation [3]. However, there
are still a significant number of patients without mutations
of the MAPK pathway, in whom treatment can be extremely
challenging. Greater clarification of additional or unknown
genetic alterations in other signaling pathways is needed, as
they may be exploited as new therapeutic targets.
In addition to the MAPK pathway, the phosphatidylinositol 3-kinase (PI3K)–AKT pathway is also considered to have
a critical role in the pathogenesis of melanoma. Deletion or
mutation of phosphatase and tensin homologue (PTEN), a
tumor suppressor gene at 10q23.3, has been reported in a
variety of advanced tumors including malignant melanoma.
The PTEN gene encodes a phosphatase that degrades the
product of PI3K [4]. Hence the loss of function of PTEN from
tumor cells causes accumulation of critical messenger lipids,
which in turn increase AKT phosphorylation and activity,
leading to decreased apoptosis and increased mitogen sig-

naling. Because PTEN protein is low to absent in a significant
number of melan-omas whereas mutations and deletions of
PTEN gene vary widely from 10% to 60% [4], speculation that
PTEN inactivation might occur through a mechanism other
than mutation, such as epigenetic silencing, has emerged.
Aberrant CpG island methylation of PTEN has been identified as an alternative mechanism of PTEN inactivation in various type of cancers including lung cancer, endometrial
carcinoma, prostate cancer, brain tumors, cervical neoplasm,
malignant melanoma, hematologic malignancies and
nasopharyngeal carcinoma [5]. Due to the low incidence of
SMM, study of the molecular abnormalities relevant to the
biology of this melanoma subtype has been limited [6,7]. In
particular the mechanisms of PTEN silencing are little understood. In fact, epigenetic silencing of PTEN in sinonasal type
of melanoma has not been reported previously. Herein we
report on a case of SMM in a 53-year-old woman which
showed reduced PTEN expression with methylation of the
PTEN promoter, suggesting that epigenetic PTEN silencing
is one of the possible mechanisms involved in SMM development.

A

B

C

Fig. 1. Imaging analysis of the patient. (A) Magnetic resonance imaging (MRI) of the paranasal sinuses shows an enhancing
soft tissue lesion in the left frontoethmoid sinus extending to the left orbit. (B, C) Multiple metastases are seen in liver and
vertebrae in the abdominopelvic computed tomography and spine MRI scan.
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A

B

C

D

Fig. 2. Pathologic findings of the biopsy specimen obtained from the nasal cavity mass. (A) Round tumor cells with atypia,
showing pleomorphic and hyperchromatic nuclei with prominent nucleoli are seen (H&E staining, !400). (B-D) Immunohistochemistry staining shows positive staining in the tumor cells for S-100 (B) and Melan A (C) (B and C, !200), and
decreased level of PTEN protein expression (D, !200).

Case Report
A 53-year-old woman presented with complaints of a left
orbit mass with orbital swelling. The patient had symptoms
of diplopia and intermittent headache for 2 months. There
was no relevant past medical or family history. Magnetic
resonance imaging (MRI) scan of the sinuses showed an
enhancing soft tissue lesion in the left frontoethmoid sinus
extending to the left orbit and anterior cranial fossa (Fig. 1A)
with another enhancing lesion observed at the left sphenoid
ridge. Nasopharyngeal biopsy of the mass showed round
tumor cells with atypia, showing pleomorphic and hyperchromatic nuclei with prominent nucleoli (Fig. 2A). In
immunohistochemical staining, tumor cells were positive for
S-100, Melan A, human melanoma black 45, Fli-1, and CD99
resulting in the diagnosis of malignant mucosal melanoma
(Fig. 2B and C).
Further imaging evaluation with abdominopelvic computed tomography (CT) and spine MRI revealed multiple
hepatic and bone metastases (Fig. 1B and C). MRI of the spine
showed bony metastases in the C2, C7, and T10 vertebrae,
and abdominopelvic CT showed innumerable metastatic

nodules in the both lobes of the liver.
For genetic analysis, genomic DNA was extracted from a
formalin-fixed, paraffin-embedded tissue block using the
QIAamp DNA FFPE Tissue Kit (Qiagen, Hilden, Germany).
Pyrosequencing was performed using a PyroMark Q24
(Qiagen, Germantown, MD); mutations for BRAF, NRAS,
HRAS, KRAS, PIK3CA, GNAQ, GNA11, and EGFR were not
found [8]. KIT copy number was also assessed using a QuantiTect SYBR Green PCR Kit (Qiagen) and calculated according to a previously described method [9], which revealed
lack of KIT amplification. Agarose gel electrophoresis of
PTEN PCR products following the previously described
method [10] showed a band of PTEN product in the patient
sample compared to control cell line SK-MEL-24 with PTEN
deletion, demonstrating the absence of PTEN deletion (Fig.
3A). The methylation status of the PTEN promoter region
was additionally examined by pyrosequencing using bisulfite-modified DNA, which revealed methylations of five
PTEN CpG island sites (Fig. 3B). Subsequent immunohistochemical staining of PTEN protein (rabbit polyclonal antibody, Invitrogen, Carlsbad, CA) in the biopsy specimen
showed decreased expression of PTEN in the tumor cells
(Fig. 2D). Finally, the patient was diagnosed as SMM with
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Fig. 3. Examination of PTEN polymerase chain reaction (PCR) product and methylation status of PTEN promoter gene. (A)
Agarose gel electrophoresis shows loss of PTEN PCR product in the SK-MEL-24 cell line, which is known to have PTEN
deletion, while the patient sample shows a band of PTEN product. (B) Methylation status of the PTEN promoter examined
by pyrosequencing using bisulfite-modified DNA shows methylation of five different CpG island sites in the patient’s
genomic DNA.

multiple liver and bone metastases, with an epigenetic alteration of PTEN promoter.
As the patient was not considered amenable for surgical
excision due to the presence of distant metastases, she was
treated with palliative chemotherapy with dacarbazine. MRI
imaging after the fourth cycle showed partial response to
systemic treatment, showing decrease in the size of the
primary orbital lesion and multiple metastatic sites. However
after the sixth cycle, the patient showed rapid progression of
the disease with leptomeningeal seeding and increased size
and number of liver and bone metastases. The patient eventually expired of progressive disease 6 months after the
initial diagnosis.

Discussion
SMM is a rare type of malignant melanoma, accounting for
less than 1% of all western melanomas and less than 5% of
all sinonasal tract neoplasms [1]. Although SMM accounts
for only a small fraction of melanoma, the incidence continues to increase by 6% to 7% every year [11]. Symptoms at
presentation are not specific and the diagnostic latency can
be long [12]. Although only a few data are available regarding the genetic alterations in SMM, molecular studies
reported so far have demonstrated that these tumors only
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rarely harbor BRAF mutation [6,7]. Prognosis remains poor,
unlike other subtypes of melanoma which now have better
survival rates due to the development of newer immunologic
and molecularly targeted agents (anti–CTLA-4, anti–PD-1
antibodies, and BRAF inhibitors) [3]. In light of these, the
molecular targets in the pathogenesis of SMM need to be
clarified as it could ultimately lead to better treatment outcome.
Although the precise pathogenetic mechanism in the
development of SMM is unclear, the malignant transformation of melanocytes is thought to occur through sequential
accumulation of genetic and molecular alterations. Given
that the alterations in intracellular signaling cascades of
MAPK and PI3K-AKT pathways contribute to the pathogenesis of melanoma, genetic aberrations of BRAF/NRAS/
HRAS/KRAS, PIK3CA, c-Kit, and PTEN were examined in
our patient. No mutation, amplification, or deletion of the
candidate genes was found in the patient sample, whereas
hypermethylation of the PTEN promoter was found.
Sporadic melanomas may have loss of PTEN through loss
of heterozygosity, deletion, or mutation [1]. On the other
hand, epigenetic PTEN silencing without PTEN mutation has
also been studied. In one study with 34 melanomas, 61% of
the specimens showed reduced or absent PTEN expression
but neither PTEN mutation nor deletion was observed (11 of
18, 61%), suggesting an epigenetic mechanism of biallelic
functional inactivation of PTEN [13]. Another study including 37 sera from melanoma patients showed positional
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methylation of CpG islands in the PTEN gene, which leads
to reduced PTEN expression [4]. In cutaneous melanomas,
a direct relationship between PTEN hypermethylation and
its decreased expression has been demonstrated [14]. Collectively, epigenetic PTEN silencing appears to be a relevant
mechanism that may contribute to the constitutive activation
of the AKT pathway in melanoma tumorigenesis.
In SMM, a significant portion of specimens (13 of 27,
48.1%) has shown loss of PTEN by immunohistochemistry
[6]. However, compared to other melanomas, epigenetic
PTEN silencing for this particular melanoma subtype has not
been studied before, possibly due to its low incidence. Our
data suggest that the reduced PTEN expression in our SMM
patient was due to the aberrant methylation of PTEN promoter gene. As loss of function mutations in PTEN occur in
only a fraction of PTEN-deficient tumors, PTEN expression
may be lost by various other mechanisms including genomic
deletion, epigenetic and transcriptional silencing. Therefore,
it is necessary to determine PTEN status in tumors by protein
quantification, DNA sequencing and the methylation status
of the CpG islands of PTEN, considering that the mechanisms of epigenetic silencing are increasingly being recognized in melanoma.
Data on the role of PTEN genes in the process of melanoma
cell transformation and tumor progression are still inconclusive. In cutaneous melanoma, PTEN methylation has been
related to increased mortality [14]. However, in another
study, decreased PTEN expression showed correlation with
ulceration, but not with survival in melanoma patients [15].
Although there are contrasting results, the need to examine
alterations of PTEN and their clinical relevance seems
increasingly important.
The ideal treatment of SMM remains obscure and no
definitive conclusions have been reached. Surgical excision
continues to be the mainstay for treatment of primary SMM.
For poor surgical candidates, targeted therapy, radiotherapy
and chemotherapy can be considered. So far, treatment
options are limited for patients without BRAF mutations.
Response rate of chemotherapy including dacarbazine and
other cytotoxic agents is approximately 10% to 20%, irrespec-

tive of the different regimens used [1]. Chemotherapy fails
to prolong survival and is often used as palliative treatment
for those with advanced disease [1]. In our patient, palliative
dacarbazine alone was administered, and partial response
was noted with improved patient’s quality of life. However,
progression of the disease eventually occurred after the sixth
cycle. The 5-year overall survival rate for SMM ranges from
17.1% to 35.1% [1], and is reported to be even lower in
patients with metastasis [12].
To the best of our knowledge this is the first case of SMM
to show decreased PTEN expression due to methylation of
PTEN promoter gene. Our case additionally supports PTEN
as one of the major tumor suppressor involved in melanoma
tumorigenesis and also the possibility of the epigenetic
mechanism of PTEN silencing in development of SMM.
However, it should be emphasized that more case studies
examining the methylation of PTEN promoter status in SMM
will be needed to support the presumption. Further comparative studies of PTEN methylation status in normal mucosal
tissue, benign sinonasal tumors and SMM should be conducted to determine the precise role of epigenetic PTEN
silencing in SMM.
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Open Access

Case Report

Extranodal Marginal Zone B-Cell Lymphoma of Mucosa-Associated
Tissue Type Involving the Dura

Primary central nervous system marginal zone B-cell lymphoma (MZBCL) is very rare,
with only a few reported cases worldwide. It has an indolent disease course with high
cure potential. We experienced a rare case of dural MZBCL of mucosa-associated
lymphoid tissue (MALT) in a 69-year-old man who presented with headache. A magnetic resonance imaging scan of brain showed a 1.9)3.6-cm-sized extra-axial mass
with a broad based dural attachment to the anterosuperior aspect of the falx cerebri,
radiographically consistent with meningioma. Surgical resection yielded a MZBCL of
the MALT type. Histopathology revealed a lymphoplasmacytic infiltration of the dura,
and immunohistochemical study showed a B-cell phenotype with CD20, bcl-2, MUM1, Ki-67 positive. He was treated with chemotherapy after complete surgical resection
and remained free of disease at 30 months after chemotherapy. MALT lymphoma
must be considered in the differential diagnosis in patients presenting radiographically with meningioma.
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Introduction
Marginal zone B-cell lymphoma (MZBCL) is a generally
low-grade, indolent lymphoma with a favorable response to
treatment [1]. MZBCL, first described as a distinct low-grade
lymphoma of mucosa-associated lymphoid tissue (MALT) of
the gastrointestinal tract, has since been described in many
other organs, including the lung, bladder, salivary glands,
conjunctiva, and lacrimal glands [2]. According to 2008
│ http://www.e-crt.org │
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World Health Organization classification, MZBCL is a subtype of non-Hodgkin lymphoma (NHL) that includes three
distinct diseases historically classified together because they
appear to arise from post-germinal center marginal zone B
cells and share a similar immunophenotype [3]. Extranodal
MZBCL of MALT is defined as an extranodal lymphoma
composed of morphologically heterogenous small B cells,
including marginal cells, cell resembling monocytoid cells,
small lymphocytes, scattered immunoblasts, and centroblastlike cells [4]. Although the gastrointestinal tract is the most
Copyright ⓒ 2016 by the Korean Cancer Association
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A

B

Fig. 1. Magnetic resonance imaging of the brain. (A) T2 weighted image shows the 1.9!3.6 extra-axial mass with broad based
dural attachment to anterosuperior aspect of falx cerebri involving superior sagittal sinus. (B) T1 weighted image. The mass
showed dural tail sign and a suspicious cerebrospinal fluid cleft sign.

common site of MALT lymphoma and these tumors are
closely associated with mucosal tissue, MALT lymphoma
may also present in organs and tissue sites without a mucosa,
such as thyroid, breast, skin, liver, orbit, and thymus tissue
[2].
Primary central nervous system (CNS) lymphoma is defined as a lymphoma with no evidence of disease outside the
brain, spinal cord, and eye at the time of diagnosis. Primary
CNS MZBCL is very rare and often misdiagnosed as meningioma, because its location and radiologic appearance mimic
meningioma [1]. This primary lymphoma follows an indolent course, with a favorable response to treatment.
In the present report, we describe a patient with primary
CNS MZBCL arising in the dura mimicking meningioma.

Case Report
A 69-year-old man visited at our hospital in January 2012
with a 2-month history of headache. The patient had no
trauma history and no significant medical history. He had
no other objective neurologic finding. A magnetic resonance
imaging (MRI) scan of brain showed a relatively homogeneous enhancing 1.9!3.6-cm-sized extra-axial mass with a
broad based dural attachment to the anterosuperior aspect
of the falx cerebri involving the superior sagittal sinus. The
mass showed dural tail sign, and because of suspicious cerebrospinal fluid cleft sign, the mass was considered of dura
origin (Fig. 1). He was diagnosed as meningioma radiograp-
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hically. He underwent bifrontal craniotomy with total removal of the tumor. The mass was completely resected with
good dural margins. Pathologic examination revealed that
the majority of the tumor cells were monocytoid B-cells,
which have small to medium sized nuclei and abundant pale
cytoplasm (Fig. 2). There were also remnants of reactive follicles and follicular colonization in the tumor. Immunophenotypically the tumor cells were positive for CD20, bcl-2, and
MUM-1 but negative for CD3, CD5, CD10, cyclin D1, and bcl6. Ki-67 labeling index was 15%. Overall, these features are
compatible with extranodal MZBCL of MALT type.
The patient underwent chest computed tomography (CT),
abdominal and pelvic CT, spine MRI, bone marrow aspiration and biopsy, and cerebrospinal tapping for staging
workups. These did not reveal any abno-rmalities. Ophthalmologic evaluations revealed no other areas of disease involvement. The laboratory finding was normal. Rapid urease
test for Helicobacter pylori was negative. After the bifrontal
craniotomy with total removal of the tumor, the patient was
treated with systemic chemotherapy with cyclophosphamide, vincristine and prednisolone for six cycles without treatment-related complication. Follow-up positron emission
tomographic scan showed him to be in disease-free. As of
October 2014, our patient has been free of symptoms or
recurrence for 2 years and 9 months.
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Fig. 2. Histological and immunohistochemical finding. (A) The central collagen band-like structure, dura mater and the
tumor consisting of lymphoid tissue (H&E staining, !40). (B) The tumor is mainly composed of monocytoid B cells having
small to medium sized nuclei and abundant pale cytoplasm (H&E staining, !400). (C, D) The tumor cells show immunoreactivity for CD20 (C) and bcl-2 (D) (!100).

Discussion
MZBCL is a type of B-cell lymphoma presenting primarily
in the marginal zone. Extranodal MZBCL of MALT is
defined as an extranodal lymphoma, and MALT lymphomas
typically present as a local mass without bone marrow and
lymph node involvement, in contrast to nodal and splenic
MZBCL [5]. The stomach and ocular adnexa are the most
common sites for the MALT lymphomas. It is also recognized in intestinal tract, lung, thyroid, salivary glands, skin,
liver, CNS, and breast [2].
Primary CNS lymphoma constitutes only 3% of primary
brain tumors [6]. The majority of primary CNS lymphoma
are diffuse large B-cell lymphoma that are mostly intraparenchymal [7]. T-Cell, low-grade B-cell lymphoma and
anaplastic large cell lymphoma of the CNS are extremely rare
[7]. Most primary CNS lymphoma presents as a space-occupying lesion within the brain parenchyma and periventricular regions [8]. Primary CNS MZBCL is very rare and
indolent and occurs mostly in the extra-axial dura, in contrast
to primary CNS high-grade lymphoma [1]. Cases of dural
MZBCL in the literature are reviewed in Table 1.

We reported a case of a MALT-type lymphoma of the dura
presenting symptomatically and radiographically as meningioma. Primary CNS MZBCL arises mostly from areas rich
in meningothelial cells or throughout the arachnoid membrane and arachnoid villi within the dural venous sinus [1].
Because meningiomas are also common to these sites, dural
MALT lymphoma has often been misdiagnosed as meningioma. CT or MRI findings reveal well defined, intracranial,
dural mass. Presenting symptoms vary by tumor location;
patients usually present with headache, meningeal signs, and
cranial nerve involvement [8,9].
The diagnosis in our case was confirmed by the histological and immunophenotyping findings, but CNS MALT lymphoma can be difficult to identify even with immunophenotyping. In our case, immunohistochemical stains were negative for CD3, CD5, CD10, while CD20 was positive.
There is no defined treatment guideline for this rare clinical entity. Primary CNS MALT lymphoma originating from
the dura matter is curable by surgical removal and radiation
therapy compared to parenchymal primary CNS lymphoma
or systemic lymphoma with CNS metastasis [9]. Although
no standard of care is established, it would seem reasonable
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Table 1. Summary of patient characteristics with CNS dura involvement by MZBCL
Case reference
Tu et al. [11]
Iwamoto et al. [12]
Kumar et al. [13]
Sanjeevi et al. [14]
Lehman et al. [15]
Kamoshima et al. [9]

Sex

Age (yr)

Location

Treatment

Status

Follow-up (mo)

M
M
F
F
F
F
F
F
M

49
66
64
33
52
43
46
63
55

Frontal
Frontal
Temporal
Frontal
Frontal
Tentorium
Cavernous sinus
Falx cerebri
Frontal

CTx
RTx
Resection+CTx
CTx+RTx
CTx+RTx
RTx
Resection+RTx
RTx
RTx

CR1
CR1
CR1
CR1
CR1
CR1
CR1
AWD
CR1

90
13
78
84
7
9
15
8
36

CNS, central nervous system; MZBCL, marginal zone B-cell lymphoma; M, male; CTx, chemotherapy; RTx, radiotherapy; F,
female; AWD, alive with disease.

to treat with aggressive radiotherapy, with or without surgical resection, depending on the amount of mass [10]. The
radiation field is determined by the extent of the dural
lesions and leptomeningeal involvement. Therefore, this rare
subtype is important to distinguish from other ordinary
B-cell NHL with poor clinical outcomes. In some cases,
chemotherapy might be suitable as the sole adjuvant treatment. The dura mater is outside the blood-brain barrier,
which may explain the increased risk of systemic relapse
compare to other types of primary CNS lymphoma. In our
case, cyclophosphamide, vincristine and prednisolone
chemotherapy brought about a disease-free state.

In summary, we have presented a very rare case of primary CNS MZBCL involving the dura. Longer clinical
observation can help to assess the final outcome of patients
with primary CNS MALT lymphoma.
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Recently, media as well as academic societies have referred to GLOBOCAN 2012 to support the high incidence rate of colorectal cancer in Korea. According to GLOBOCAN 2012, colorectal cancer incidence ranked third for men and fifth for women,
and the highest when both sexes were combined among 184 countries (Table 1) [1]. Because GLOBOCAN intended to provide
the most recent estimates of cancer incidence, mortality, and prevalence for 28 cancers worldwide, the quality of country estimates varied from high quality national or regional data to no data [1]. Therefore, the accuracy of estimates are dependent on
the availability and the accuracy of the data from each country [1]. Korean data is high quality national data with rates projected
to 2012. The most recent incidence data used for GLOBOCAN estimates was for the year 2009 [2]. Indeed, the age-standardized
incidence of colorectal cancer increased by 5.3% annually between 1999 and 2012 [3]. However, according to the Korea Central
Cancer Registry data, the colorectal cancer incidence decreased for men and stabilized for women in 2012 [3]. Since projection
used for GLOBOCAN 2012 applied trends until 2009, which was an annual percent change of 6.2% for both sexes [4], the
GLOBOCAN estimates overestimated the incidence for the Korean population.
We retrieved published incidence data of selected countries from 2008 to 2012 (or nearest year to 2012) (Table 2). In comparison of age-standardized incidence rates, Czech (2011), Slovakia (2008), and Slovenia (2011) showed higher incidence than
Korea (2011 or 2012) in men. In women, most countries with recent data showed higher incidence compared to Korea. When
both sexes were combined, incidence of Japan (2010), Netherlands (2012), Australia (2012), and New Zealand (2012) was higher
than that of Korea.
In conclusion, the aim of GLOBOCAN 2012 is to provide worldwide estimates for cancer burden, and there are substantial
differences between GLOBOCAN estimates and observed statistics due to methodology applied. Korea has experienced rapid
transition in colorectal cancer epidemiology, therefore predicted estimates using past trends may not appropriately reflect the
observed statistics. Although GLOBOCAN is useful for overviewing cancer burden, caution should be used in direct comparison or referring of the estimated incidence or mortality.
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Slovakia
Hungary
Korea
Czech
Slovenia
Netherlands
Denmark
Australia
Belgium
Croatia

Population

2,347
4,751
20,036
4,978
932
7,597
2,535
8,790
4,797
1,803

Cases
88.1
100.5
82.7
95.9
93.3
91.5
91.4
76.9
90.7
85.4

61.6
58.9
58.7
54.0
49.7
47.5
45.9
45.5
45.2
44.2

Crude rate
ASR
(/100,000) (/100,000)

Male

Norway
Denmark
Netherlands
New Zealand
Korea
Australia
Hungary
Israel
Belgium
Slovakia

Population
1,947
2,297
6,321
1,463
13,737
7,079
3,691
1,881
3,886
1,616

Cases
78.7
81.5
75.1
64.5
56.4
61.6
70.7
48.3
70.7
57.4

35.8
35.7
33.9
33.5
33.3
32.0
30.5
30.3
29.5
29.3

Crude rate
ASR
(/100,000) (/100,000)

Female

ASR, age-standardized incidence rate using the World Standard Population (Segi, 1960).

1
2
3
4
5
6
7
8
9
10

Rank

Table 1. Estimated incidence of colorectal cancer, GLOBOCAN 2012 [1]

Korea
Slovakia
Hungary
Denmark
Netherlands
Czech
Norway
Australia
New Zealand
Slovenia

Population

33,773
3,963
8,442
4,832
13,918
8,336
3,913
15,869
3,018
1,621

Cases

69.5
72.3
84.8
86.4
83.3
78.9
78.9
69.2
67.6
79.5

45.0
42.7
42.3
40.5
40.2
38.9
38.9
38.4
37.3
37.0

Crude rate
ASR
(/100,000) (/100,000)

Both sexes
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C18-20
C18-20
153-154c)
C18-20

C18-20
C18-20
C18-21
C18-21
C18-20
C18-20
C18-21
C18-20
C18-21
C18-20
C18-20
C18-20
C18-20
C18-21

National
Regionalb)
National

National
Regionald)

National
National
National
National
National
National
Regionalf)
National
National
National
National
Regionalg)

National
National

Coverage ICD-10 code

52.6
50.0

44.8
56.5
43.3
44.1
43.1
42.8
45.1
43.8
61.3
47.9
-

42.3

45.9
43.8

2008

2010

2011

50.9
49.9

55.5
44.4
38.8
45.2
40.7
44.9
43.1
53.1
52.4
49.8

55.5
43.2
36.2
42.7
45.9
46.1
57.2
40.2
50.9
52.4

41.2
51.8
41.9
35.1
41.3
46.1
42.6
54.6
-

41.4
39.1
39.5
30.9 (2008-2012)

49.0
48.6
51.4
48.3
50.1
38.2 (2010-2014)

2009

Male

49.1

42.4
42.0
33.6
44.1
45.4
43.6
-

38.8

50.0
-

2012

36.9
39.8

28.8
28.9
33.7
32.9
26.3
27.5
31.6
34.6
30.5
27.0
-

28.0

24.7
27.0

2008

2010

2011

35.5
39.6

28.7
32.9
28.5
26.7
25.5
31.9
35.9
26.8
36.2
41.3

28.2
32.8
29.2
27.1
31.4
33.9
30.0
23.5
36.2
37.5

21.0
28.5
34.6
27.2
26.3
32.9
36.5
28.2
-

27.8
27.4
27.4
23.1 (2008-2012)

25.9
25.3
26.4
28.6
28.4
26.7 (2010-2014)

2009

Female

38.6

23.0
33.9
25.1
26.7
32.4
36.1
-

27.5

26.8
-

2012

44.4
44.5

34.1
38.3
-

34.8

34.1
34.7

2008
35.9
38.4
-

2010

37.8
-

2011

42.8
44.5

35.5
38.4
-

43.9
45.3

34.4
38.6
31.2

43.2
44.6

29.6
33.5
39.5
-

34.2
32.9
33.1
26.7 (2008-2012)

36.2
37.6

2009

Both sexes

43.5

31.2
34.7
38.9
-

32.8

37.3
-

2012

ICD-10, International Classification of Diseases, 10th edition. a)World Standard Population was used as a standard population, b)Yamagata, Fukui, and Nagasaki,
c)
ICD-9, d)SEER 18 areas, e)Jews, f)AIRRUM (38 Registries pool), g)Valencia.

Asia
Korea [5]
Japan [6]
Singapore [7]
America
Canada [8]
USA [9]
Europe
Belgium [10]
Croatia [11]
Czech [12]
Denmark [13]
Israele) [14]
Ireland [15]
Italy [16]
Netherlands [17]
Norway [13]
Slovakia [18]
Slovenia [7]
Spain [19]
Oceania
Australia [20]
New Zealand [21]

Registry

Table 2. Observed age-standardized incidence ratesa) of colorectal cancer from selected cancer registries
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should be kept to a minimum. When used, they are to be
defined where first used, followed by the acronym or
abbreviation in parentheses.
•Drug and chemical names should be stated in standard
chemical or generic nomenclature. Units of measure should
be presented according to theInternational System (SI) of
units.
•Title page (see the Original Article section below)

Reporting Guidelines for Specific Study Designs
For the specific study design, such as randomized control studies, studies of diagnostic accuracy, meta-analyses, observational
studies and non-randomized studies, it is recommended that
the authors follow the reporting guidelines listed in the following table.
Initiative

Type of study

CONSORT

Randomized controlled trials
http://www.consort-statement.org

(Source)
STARD
(Source)

5. MANUSCRIPT PREPARATION

PRISMA

General Guidelines

(Source)

Manuscripts must be written succinctly in clear, grammatical
English. All manuscripts originating from non-English speaking
countries must be revised by a professional linguistic reviewer,
and it must be evident from the cover letter that this has been
done. All manuscripts are subject to editorial peer review. The
editors reserve the right to improve the style and, if necessary,
return the manuscript to the author for revision. When a man-

STROBE
(Source)
MOOSE
(Source)

Studies of diagnostic accuracy
http://www.stard-statement.org/
Preferred reporting items of systematic reviews and
meta-analyses
http://www.prisma-statement.org
Observational studies in epidemiology
http://www.strobe-statement.org
Meta-analyses of observational studies in epidemiology
http://www.consort-statement.org/resources/down
loads/other-instruments/moose-statement-2000pdf
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ORIGINAL ARTICLES(META-ANALYSES)
Original articles are reports of basic or clinical investigations.
Although there is no limitation on the length of these manuscripts, the Editorial Board may abridge excessive illustrations
and large tables. The manuscript for an original article should
be organized on a separate page in the following sequence:
title page, abstract and keywords, text, conflicts of interest,
acknowledgments (if necessary), references, tables, and figure
legends. The Original Article should not exceed 30 references.
Any article longer than these limits should be discussed with
the editor.

1) Title page
The Title Page should carry the following information.
·Manuscript title, which should be concise but informative.
·Each author’s name (given name, middle name, and surname) followed by the highest academic degree.
·The name of the department(s) and institution(s) where
the work was conducted.
·A running title of fewer than 50 characters.
·The complete mailing address, telephone, facsimile, and
e-mail address for correspondence.

2) Abstract and Keywords
The abstract should be no more than 250 words, and
describe concisely, in a paragraph, the Purpose(s), Materials
and Methods, Results, and Conclusion(s). Below the
abstract, authors should provide 3 to 10 keywords or terms
to be used as index terms. Terms from the Medical Subject
Headings (MeSH) list (http://www.nlm.nih.gov/mesh/
MBrowser.html) should be used; if suitable MeSH terms are
not yet available for recently introduced terms, current
terms may be used.

3) Text
The text should be structured around fix sections and
arranged in this order: Introduction, Materials & Methods,
Results, Discussion, and Conclusion(s). Footnotes are to be
used only for tables and figures. Identify precisely all drugs
and chemicals used, including generic name(s), dose(s),

route(s) of administration, and city and country of manufacturer. Use only standard abbreviations. A subject that is
to be abbreviated must be spelled in full for its first use in
the text, followed by the abbreviation in parentheses.

4) Conflicts of Interest
All potential conflicts of interest must be stated within the
text of the manuscript, under this heading. This pertains to
relationships with pharmaceutical companies, biomedical
device manufacturers, or other corporations whose products or services are related to the subject matter of the article.
Such relationships include, but are not limited to, employment by an industrial concern, ownership of stock, membership on a standing advisory council or committee, being
on the board of directors, or being publicly associated with
the company or its products. Other areas of real or perceived conflict ofinterest could include receiving honoraria
or consulting fees or receiving grants or funds from such
corporations or individuals representing suchcorporations.
Please state "None" if no conflicts exist.

5) Acknowledgments
If necessary, persons who have made substantial contributions, but who have not met the criteria for authorship, are
acknowledged here. All sources of funding applicable to the
study should be stated here explicitly.

6) References
In the text, references should be cited with Arabic numerals
in brackets and numbered in the order cited. In the references section, the references should be numbered in order
of appearance in the text and listed in English. The total
number of references should be less than 30. List all authors
if there are less than or equal to six authors. List the first six
authors followed by “et al.” if there are more than six
authors. If an article has been published online, but has not
yet been given an issue or pages, the digital object identifier
(DOI) should be supplied. Journal titles should be abbreviated in the style used in Medline. Other types of references
not described below should follow Citing Medicine: The

NLM Style Guide for Authors, Editors, and Publishers.
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Journal articles
1. Baek KK, Lee J, Park SH, Park JO, Park YS, Lim HY, et al.
Oxaliplatin-induced chronic peripheral neurotoxicity: A
prospective analysis in patients with colorectal cancer. Cancer
Res Treat. 2010;42:185-90.
2. Falcone A, Masi G, Loupakis F, Vasile E, Ciarlo A, Cavaciocchi
D, et al. FOLFOXIRI (irinotecan, oxaliplatin and infusional 5
FU/LV) in combination with bevacizumab in the first-line
treatment of metastatic colorectal cancer. J Clin Oncol.
2008;26(15S):4031.
3. Zhang L, Jiang M, Zhou Y, Du XB, Yao WX, Yan X, et al. Survey on breast cancer patients in China toward breast-conserving surgery. Psycho-Oncology. 2011 Feb 14 [Epub]. Doi:
10.1002/pon.1922.

7) Tables

Book
4. Abeloff MD, Armitage JO, Niederhuber JE, Kastan MB,
McKenna WG. Abeloff's clinical oncology. 4th ed. Philadelphia, PA: Churchill Livingstone; 2008.
5. Wang JC, Dick JE. Cancer stem cells. In: DeVita VT, Lawrence
TS, Rosenberg SA, editors. DeVita, Hellman, and Rosenberg's
cancer: principles & practice of oncology. 8th ed. Philadelphia,
PA: Lippincott Willians & Wilkins; 2008. p. 135-46.

8) Figures

Conference paper
6. Cigler T, Singer O, Moore A, Chuang E, Vahdat LT, Reichman
VS, et al. Evaluation of vitamin D levels and aromatase
inhibitor-associated musculoskeletal symptoms. In: 2010
Breast Cancer Symposium; 2010 Oct 1-3; Washington, DC.
Columbia, MD: American Society of Breast Surgeons; Abstr
166.
Online sources
7. American Cancer Society. Cancer facts & figures [Internet].
Atlanta, GA: American Cancer Society; c2011 [cited 2011 Feb
20]. Available from: http://www.cancer.org/Research/CancerFactsFigures/index.
8. National Cancer Information Center. Cancer incidence [Internet]. Goyang (KR): National Cancer Information Center; c2011
[cited 2010 Oct 20]. Available from: http://www.cancer.go.
kr/cms/statics.

Tables should have a title, begin a new page, and be numbered with Arabic numerals in the order in which they are
cited in the text. The title and contents of a table should be
concise and clear, so that a reader can understand the table
without referring to the text. The total number of tables should
not exceed ten. Within a table, if a non-standard abbreviation
is used or description may be necessary, then list them under
annotation below. Use lowercase letters in superscripts
a), b), c)
… on the right side of the part that needs explanation;
the annotation should be recorded according to the lowercase
letters listed below the table. Statistical measures such as SD
or SE should be identified. Vertical or horizontal lines between
entries should be omitted.

Upload each figure as a separate image file. The figure images
should be provided in high resolution (preferably 300 dpi for
figures and 600 dpi for line art and graphs). They should be
submitted in EPS or TIF format, although JPEG format is
allowed for color figures. The figures should be sized to column width (8.5 cm or 17.5 cm). If the figures are not original,
the author must contact each publisher to request permission
and this should be remarked on in the footnote to the figure.
Figures should be numbered, using Arabic numerals, in the
order in which they are cited. All figures should be cited in
the text (e.g., Fig. 1, Fig. 1A-C, Figs. 1 and 2). In the case of
multiple prints bearing the same number, use capital letters
after the numerals to indicate the correct order (e.g., Fig. 1A,
Fig. 1B). The total number of figures must not exceed ten. Figure legends should be in English and consist of a one-sentence
description rather than a phrase or a paragraph. A legend for
each light microscopic photograph should include the name
of the stain and magnification. Electron microscopic photographs should have an internal scale marker.

9) Meta-analyses
In general, these should follow the PRISMA guidelines.
Manuscripts should be structured around fix sections:
Introduction, Materials and Methods, Results, Discussion,
and Conclusion. The total number of references should be less
than 75.
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REVIEWS/ SPECIAL ARTICLES
Reviews are invited by the editor and should be comprehensive analyses of specific topics. They are organized as follows:
title page, abstract and keywords, introduction, body text, conclusion, conflicts of interest, acknowledgments, references,
tables, and figure legends. Upload each figure as a separate
image file. There should be an unstructured abstract equal to
or less than 250 words. References for reviews and special
articles should be less than 75 and 30, respectively. There is no
specific requirement for subsections of the body text of the
paper.

EDITORIAL
Editorials are invited by the editors and should be commentaries on articles published recently in the journal. Editorial
topics could include active areas of research, fresh insights,
and debates. Editorials should be no more than four to five
pages in length including references, tables, and figures.

CASE REPORTS
Case reports will be published only in exceptional circumstances, when they illustrate a rare occurrence of clinical
importance. The manuscript for a case report should be
organized in the following sequence: title page, abstract and
keywords, introduction, case report(s), discussion, conflicts of
interest, acknowledgments (if necessary), references, tables,
and figure legends. Upload each figure as a separate image
file. The abstract should be unstructured and its length should
not exceed 150 words. There should be no more than five figures, including tables, and no more than 15 references.

6. COMMUNICATIONS TO THE PUBLISHER
We invite inquiries to the editorial office at any time during
the editorial process. For all matters concerning presubmission, editorial policies, procedures, business inquiries, subscription information, orders, or changes of address, please
contact the editorial office.

Editorial Office
Korean Cancer Association
Room 1824, Gwanghwamun Officia
92 Saemunan-ro, Jongno-gu, Seoul 03186, Korea
Tel: +82-2-3276-2410, Fax: +82-2-792-1410,
E-mail: journal@cancer.or.kr

7. ADDITIONAL INFORMATION
Copyright
All published papers become the permanent property of the
Korean Cancer Association. Upon acceptance of the manuscript, the authors will be required to sign a statement confirming that the manuscript contains no material the
publication of which violates any copyright or other personal
or proprietary right of any person or entity.

Article Processing Charge
Article charges are required for publication in the journal of
Cancer Research and Treatment. These cover some of the costs
of publication as well as open access online editions in the
journal website (http://www.e-crt.org) or in the PubMed Central (http://www.ncbi.nlm.nih.gov/pmc/journals/915/).
Article charge forms will be sent to the corresponding author
when the submitted article is finally accepted. We thank you
for your prompt payment of article charges for the earliest
publication of the papers. Invited review articles are exempt
from article charges.
Original Article KRW 400,000 or USD 400 Case Report KRW 200,000 or USD 200
The new policy becomes effective for the articles newly submitted from September 1, 2014.

Page Proofs
Corresponding authors are provided with page proofs and
are asked to carefully review them for data and typesetting
errors. When proofs are available, the corresponding author
will receive a notification. Corrections to proofs must be
returned via mail or fax within 48 hours. Publication may be
delayed if proofs are not returned by the publisher’s deadline.
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Checklists for Authors

This checklist must be completed, signed by the corresponding author, and submitted with the manuscript.
Please see Instructions for Authors for details related to this checklist.

* Please be sure to check over items from No.1 to No. 13

1. Text in MS word (.doc) or HWP (.hwp) file.
2. Type is 12-pitch, ragged-right margin, double-spaced throughout.
3. Begin each component on a separate page.
4. Title page: (1) complete title, (2) category, (3) name and academic degree of each
author, (4) affiliation, (5) mailing address, telephone, facsimile and E-mail address of
corresponding author, (6) running title of fewer than 50 characters.
5. Abstract with four specified subtitles with less than 250 words.
6. Key words/terms (3 to 10) from the MeSH list of Index Medicus.
7. Reference in proper format, numbered in order as cited in the text.
8. Total number of references less than 30 in Original Articles, and 15 in Case Reports.
9. Tables with their titles.
10. Figures as a separate files, in TIFF or JPG format, minimum 300 DPI.
11. Each necessary permission statement signed by the appropriate source.
12. Approval of IRB (When reporting experiments on human subjects).
13. Elucidation of research or project support/funding (If Applicable).

By signing below, I hereby transfer to the Korean Cancer Association during the full term of
copyright the exclusive rights comprised in the copyright of this work.
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