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Special Article

Cancer Statistics in Korea: Incidence, Mortality, Survival,
and Prevalence in 2015

Purpose
This study presents the 2015 nationwide cancer statistics in Korea, including the incidence,
survival, prevalence, and mortality.
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Materials and Methods
Cancer incidence data from 1999 to 2015 was obtained from the Korea National Cancer
Incidence Database and followed until December 31, 2016. Mortality data from 1983 to
2015 were obtained from Statistics Korea. The prevalence was defined as the number of
cancer patients alive on January 1, 2016, among all cancer patients diagnosed since 1999.
Crude and age-standardized rates (ASRs) for incidence, mortality and prevalence and 5-year
relative survivals were also calculated.
Results
Herein, 214,701 and 76,855 Koreans were newly diagnosed and died from cancer in 2015,
respectively. The ASRs for cancer incidence and mortality in 2015 were 258.9 and 82.0
per 100,000, respectively. The overall cancer incidence rate has increased significantly by
3.4% annually from 1999 to 2012, and started to decrease after 2012 (2012-2015, annual
percent change, –6.1%). However, the overall cancer mortality has decreased 2.7% annually
since 2002. The 5-year relative survival rate for patients diagnosed with cancer between
2011 and 2015 was 70.7%, an improvement from the 41.2% for patients diagnosed
between 1993 and 1995.
Conclusion
Age-standardized cancer incidence rates have decreased since 2012 and mortality rates
have declined since 2002; however, the 5-year survival rates have improved remarkably
from 1993-1995 to 2011-2015 in Korea.

Introduction
Cancer is a major life-threatening disease worldwide.
Approximately 14.1 million patients were newly diagnosed
with cancer and 8.2 million people died from cancer in 2012
worldwide [1]. The global burden of cancer is expected to
grow rapidly due to aging population [2].
In Korea, cancer accounts for one in four deaths and more
than 200,000 new cancer cases were diagnosed in 2014 [3].
│ http://www.e-crt.org │

Key words
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The number of cancer incidences and deaths are expected to
increase with the aging population and westernized lifestyles
[4]. Additionally, the economic burden of cancer in Korea
increased approximately 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 of the national cancer burden and can be used to
form cancer prevention and control strategies. This study
aims to provide nationwide cancer statistics including the
incidence, survival, prevalence, and mortality in 2015.
Copyright ⓒ 2018 by the Korean Cancer Association
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Materials and Methods
1. Data sources
The Korea Central Cancer Registry (KCCR) was established by the Ministry of Health and Welfare in 1980 as a
nationwide hospital-based cancer registry. Since 1999, the
KCCR has collected cancer incidence data for the entire
nation by compiling a nationwide hospital-based KCCR
database that contains data from regional cancer registry programs. The KCCR currently provides the nationwide cancer
incidence, survival, and prevalence statistics annually [6].
The KCCR constructed the Korea National Cancer Incidence Database (KNCI DB) using hospitals data, 11 population-based registries, and additional medical chart reviews.
The KNCI DB contains information regarding the age, sex,
address, date of diagnosis, primary cancer site, histological
type, most valid diagnostic method, and Surveillance, Epidemiology, and End Results (SEER) stage. The completeness
of cancer incidence data for 2015 was estimated to be 98.2%
based on the method proposed by Ajiki et al. [7]. The midyear population and cancer mortality data from 1983 to 2015
were obtained from Statistics Korea [8]. To ascertain vital status and to calculate survival and prevalence, the KNCI DB
was linked to the mortality data and population registration
data established by the Ministry of the Interior and Safety.
2. Classification
All incident cases were registered according to the International Classification of Diseases for Oncology, third edition
[9], and converted to the International Classification of Diseases, 10th edition (ICD-10) codes [10]. The mortality cases
were registered according to ICD-10 codes. All cancer cases
were reported based on the 24 cancer types.

cumulative rate
–
Cumulative risk of developing cancer
100
)
=100(1–e
from birth to life expectancy

Trends in incidence/mortality rates were summarized as
an annual percentage change (APC) by using a Joinpoint
regression. 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 calculated
as the interval between the date of the initial diagnosis and
the date of death, date of loss to follow-up, or closing date
for follow-up. The 5-year relative survival rates (RSRs) 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 RSRs were evaluated as
percentage differences in 5-year RSRs from 1993-1995 and
2011-2015. RSRs were calculated using the Ederer II method
[14] with some minor corrections, based on an algorithm
established by Paul Dickman [15].
Prevalent cases were defined as the number of cancer
patients alive on January 1, 2016 among all cancer patients
diagnosed between 1999 and 2015. Limited-duration prevalences were calculated using SEER*Stat software. Any p-values less than 0.05 were considered statistically significant.
SEER*Stat 8.2.1 (National Cancer Institute, Bethesda, MD),
Joinpoint 4.1.1 (National Cancer Institute), and SAS 9.4 (SAS
Institute Inc., Cary, NC) were used in this report.

3. Statistical analyses
Rates were expressed as crude and age-standardized rates
(CR and ASR, respectively) per 100,000 individuals. The CR
was calculated as the total number of incidence/mortality
cases divided by the mid-year population for the specified
years. The ASR is a weighted average of the age-specific
rates, where the weights are the proportions of persons in
the corresponding age groups of a standard population [11].
In this report, ASRs were calculated using Segi’s world standard population [12]. The cumulative risk of developing cancer from birth to life expectancy was calculated using
cumulative rates; that is, the sum of the age-specific rates
from birth to life expectancy, as follows [13]:
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Selected Findings
1. Incidence
A total of 214,701 cases were newly diagnosed with cancer
during 2015 (Table 1). Of these cases, 113,335 (52.8%) were
men and 101,366 (47.2%) were women. Stomach cancer was
the most commonly diagnosed cancer in 2015, followed by
colorectal, thyroid, lung, and breast cancer. The overall
cumulative risk of developing cancer from birth to life
expectancy was 35.3%. However, the cumulative risk of
developing cancer from birth to life expectancy was higher
in men (37.9%) than in women (32.0%) (data not shown).

Kyu-Won Jung, Cancer Statistics in Korea, 2015

Table 1. Cancer incidence, deaths and prevalence by sex in Korea, 2015
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

Men

Women

Both sexes

Men

Women

Both sexes

Men

Women

214,701
3,309

113,335
2,390

101,366
919

76,855
1,170

47,678
884

29,177
286

1,611,487
21,827

707,977
14,656

903,510
7,171

2,420
29,207
26,790
15,757
6,251
6,342
1,146
24,267
19,219
3,582
2,404
2,443
10,212
286
4,555
4,033
1,776
25,029
271
4,396
1,455
3,242
16,309

2,201
19,545
15,911
11,732
3,220
3,359
1,079
17,015
77
10,212
286
3,134
3,245
958
5,386
174
2,519
762
1,830
8,300

219
9,662
10,879
4,025
3,031
2,983
67
7,252
19,142
3,582
2,404
2,443
1,421
788
818
19,643
97
1,877
693
1,412
8,009

1,531
8,526
8,301
11,311
4,211
5,439
344
17,399
2,354
967
319
1,055
1,700
10
952
1,299
1,266
341
49
1,771
889
1,720
3,931

1,401
5,507
4,698
8,382
2,135
2,908
319
12,677
16
1,700
10
672
960
674
106
33
1,026
466
1,003
2,101

130
3,019
3,603
2,929
2,076
2,531
25
4,722
2,338
3,582
2,404
2,443
280
339
592
235
16
745
423
717
1,830

9,171
256,995
220,653
61,290
19,468
9,517
10,049
69,931
179,081
50,477
20,859
18,112
69,438
2,939
35,333
31,407
10,349
355,057
2,571
27,478
5,330
19,260
104,895

8,262
170,294
131,579
45,881
9,958
5,031
9,452
43,987
686
69,438
2,939
23,862
25,609
5,334
60,151
1,623
15,622
2,779
10,654
50,180

909
86,701
89,074
15,409
9,510
4,486
597
25,944
178,395
3,582
2,404
2,443
11,471
5,798
5,015
294,906
948
11,856
2,551
8,606
54,715

CNS, central nervous system. a)Limited-duration prevalent cases on January 1, 2016. These are patients who were diagnosed
between January 1, 1999 and December 31, 2015 and who were alive on January 1, 2016. Multiple primary cancer cases were
counted multiple times, b)Include the gallbladder and other/unspecified parts of the biliary tract.

The total CR and ASR for the overall cancer incidences in
2015 were 421.4 and 258.9 per 100,000, respectively (Table 2).
According to sex, the CRs for all sites combined were 445.2
in men and 397.6 in women. The ASRs were 291.7 and 241.1
in men and women, respectively. Stomach cancer (CR, 76.8)
was the most common cancer in men, followed by lung (CR,
66.8), colorectal (CR, 62.5), liver (CR, 46.1), and prostate cancer (CR, 40.1). These five cancers accounted for 65.7% of the
newly diagnosed cases in men during the study period. In
contrast, thyroid cancer (CR, 77.1) was the most common
cancer among women, followed by breast (CR, 75.1), colorectal (CR, 42.7), stomach (CR, 37.9), and lung cancer (CR, 28.4),
which five cancers accounted for 65.7% of the cases in
women.

2. Mortality
In 2015, the total number of deaths from cancer was 76,855,
accounting for 27.9% of all deaths (Table 3). In terms of sex,
62.0% and 38.0% of cancer deaths occurred in men and
women, respectively (Table 1).
The total CR and ASR for cancer deaths were 150.8 and
82.0 per 100,000, respectively, in 2015 (Table 4). The total CR
and ASR for cancer deaths per 100,000 were higher among
men (CR, 187.3; ASR, 119.6) than among women (CR, 114.4;
ASR, 54.6).
According to cancer sites, lung cancer (CR, 49.8) was the
leading cause of death in men, followed by liver (CR, 32.9),
stomach (CR, 21.6), colorectal (CR, 18.5), and pancreatic cancer (CR, 11.4). The top five causes of deaths from cancer in
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Table 2. Crude and age-standardized cancer incidence rates by sex in Korea, 2015
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

Men

Women

Both sexes

Men

Women

421.4
6.5
4.7
57.3
52.6
30.9
12.3
12.4
2.2
47.6
37.7
7.0
4.7
4.8
20.0
0.6
8.9
7.9
3.5
49.1
0.5
8.6
2.9
6.4
32.0

445.2
9.4
8.6
76.8
62.5
46.1
12.6
13.2
4.2
66.8
0.3
40.1
1.1
12.3
12.7
3.8
21.2
0.7
9.9
3.0
7.2
32.6

397.6
3.6
0.9
37.9
42.7
15.8
11.9
11.7
0.3
28.4
75.1
14.1
9.4
9.6
5.6
3.1
3.2
77.1
0.4
7.4
2.7
5.5
31.4

258.9
4.1
2.7
33.8
30.4
18.2
6.6
7.0
1.3
26.4
24.8
4.6
3.1
3.2
11.2
0.6
5.7
4.3
2.8
35.2
0.5
5.9
1.6
5.3
19.7

291.7
6.2
5.5
49.3
40.2
29.5
8.0
8.5
2.7
42.3
0.2
25.4
1.1
8.2
8.1
3.1
15.1
0.6
7.2
1.9
6.2
22.6

241.1
2.2
0.4
20.5
22.2
8.2
5.5
5.7
0.1
14.3
49.2
9.1
6.1
6.3
3.4
1.5
2.4
55.6
0.4
4.6
1.4
4.5
17.4

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

Table 3. The top 10 leading causes of death in Korea, 2015
Rank

1
2
3
4
5
6
7
8
9
10

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

No. of deaths (%)

Age-standardized death rate
per 100,000a)

275,895 (100)
76,855 (27.9)
28,326 (10.3)
24,455 (8.9)
14,718 (5.3)
13,513 (4.9)
10,558 (3.8)
7,538 (2.7)
6,847 (2.5)
5,539 (2.0)
5,050 (1.8)
82,496 (29.9)

289.3
82.0
27.9
23.4
13.5
18.3
10.2
6.8
8.1
7.6
4.6
87.1

Source: Mortality Data, 2015, Statistics Korea [8]. a)Age-adjusted using the Segi’s world standard population.
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Table 4. Crude and age-standardized cancer mortality rates by sex in Korea, 2015
Crude mortality 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 mortality rate
per 100,000a)

Both sexes

Men

Women

Both sexes

Men

Women

150.8
2.3
3.0
16.7
16.3
22.2
8.3
10.7
0.7
34.1
4.6
1.9
0.6
2.1
3.3
0.0
1.9
2.5
2.5
0.7
0.1
3.5
1.7
3.4
7.7

187.3
3.5
5.5
21.6
18.5
32.9
8.4
11.4
1.3
49.8
0.1
6.7
0.0
2.6
3.8
2.6
0.4
0.1
4.0
1.8
3.9
8.3

114.4
1.1
0.5
11.8
14.1
11.5
8.1
9.9
0.1
18.5
9.2
3.8
1.3
4.1
1.1
1.3
2.3
0.9
0.1
2.9
1.7
2.8
7.2

82.0
1.3
1.6
8.9
8.5
12.6
4.2
5.7
0.4
17.9
2.8
1.1
0.4
1.2
1.6
0.0
1.0
1.2
1.7
0.3
0.1
2.0
1.0
2.2
4.3

119.6
2.3
3.4
13.8
11.8
20.9
5.3
7.2
0.8
31.2
0.0
4.3
0.0
1.7
2.4
1.9
0.3
0.1
2.7
1.2
2.8
5.5

54.6
0.6
0.2
5.4
6.1
5.4
3.4
4.5
0.0
8.2
5.5
2.0
0.7
2.2
0.5
0.5
1.5
0.4
0.0
1.4
0.8
1.7
3.5

CNS, central nervous system. a)Age-adjusted using the world standard population, b)Includes the gallbladder and other/
unspecified parts of the biliary tract.
350

Men incidence

women included lung (CR, 18.5), colorectal (CR, 14.1), stomach (CR, 11.8), liver (CR, 11.5), and pancreatic cancer (CR,
9.9).
3. Trends in cancer incidence and mortality
Fig. 1 shows the trends in cancer incidence and mortality
from 1983 to 2015. The ASR for all-cancer incidence increased
by 3.4% annually from 1999 to 2012, and then began to
decrease from 2012 to 2015 (APC, –6.1%) (Table 5, Fig. 1). The
incidence of cancers in stomach, colorectum, lung and thyroid started to decrease around 2011. Especially, the ASR for
thyroid cancer has increased rapidly 22.8% from 1999 to 2011,
but then decreased swiftly 13.3% annually starting in 2011.
Incidence of breast cancer has increased constantly throughout the period, but the APC slowly started to decrease since
2007. Conversely, the incidence rates of cervix and liver

Rate per 100,000

300
Both sexes incidence

250
200

Women incidence

Men mortality

150

Both sexes mortality

100
50

Women mortality

0
1983

1988

1993

1998
Year

2003

2008

2015

Fig. 1. Annual age-standardized cancer incidence and
death rates by sex for all sites from 1983 to 2015 in Korea.
Age standardization was based on the Segi’s world standard population.
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–5.7a)
–4.9a)
–4.6a)
–0.3
–1.8a)
4.0a)
3.1a)
0.3
1.3a)
–1.5a)
–1.6a)
–13.3a)
1.3a)

2011-2015
2010-2015
2010-2015
2004-2015
2011-2015
2007-2015
2009-2015
2009-2015
2009-2015
2004-2015
2008-2015
2011-2015
-

–2.3a)
–0.1
6.0a)
–1.7a)
1.5
1.4a)
–3.6a)
0.1
6.9a)
–3.9a)
6.2a)
1.6a)
15.3a)
4.9a)
6.7a)
2.4a)
1.3a)
22.8a)
4.1a)
2.3a)
3.3a)
0.9a)
3.5a) 2008-2015

1.6 1999-2015
5.3 1999-2015
19.7 1999-2008

1999-2015
1999-2011
1999-2010
1999-2010
1999-2004
1999-2015
1999-2015
1999-2011
1999-2007
1999-2015
1999-2009
1999-2015
1999-2009
1999-2015
1999-2009
1999-2004
1999-2008
1999-2011
1999-2015
1999-2015

2.7
33.8
30.4
18.2
6.6
7.0
1.3
26.4
24.8
4.6
3.1
3.2
11.2
0.6
5.7
4.3
2.8
35.2
0.5
5.9

APC

3.4 2012-2015 –6.1
0.5a)
-

Year

258.9 1999-2012
4.1 1999-2015

APC

Trend 2
a)

Year

Trend 1
a)

2015

1.2
5.5
18.1

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
5.6

285.0
6.1

1999
Year

1999-2015
1999-2011
1999-2010
1999-2009
1999-2015
1999-2015
1999-2015
1999-2005
1999-2015
1999-2009
1999-2015
1999-2010
1999-2005
1999-2009
1999-2012
1999-2015
1999-2015

1.9 1999-2015
6.2 1999-2015
22.6 1999-2015

5.5
49.3
40.2
29.5
8.0
8.5
2.7
42.3
0.2
25.4
1.1
8.2
8.1
3.1
15.1
0.6
7.2
3.0a)
1.0a)
1.8a)

–2.7a)
–0.3
6.5a)
–1.9a)
0.0
0.7a)
–3.8a)
–0.1
–1.1
13.7a)
4.8a)
6.1a)
1.5a)
1.2a)
22.9a)
3.2a)
1.9a)

a)

APC

Trend 1

291.7 1999-2011 1.7
6.2 1999-2015 –0.2

2015

Men

-

2011-2015
2010-2015
2009-2015
2005-2015
2009-2015
2010-2015
2005-2015
2009-2015
2012-2015
-

–6.2a)
–5.4a)
–4.2a)
–1.6a)
–0.5
0.4
–1.8a)
–2.0
–16.9a)
-

a)

APC

2011-2015 –3.6
-

Year

Trend 2

0.8
3.9
11.9

0.6
26.7
16.4
12.3
5.4
4.0
0.4
12.4
20.9
16.3
2.8
5.0
1.7
1.6
2.6
10.4
0.1
3.3

161.1
1.6

1999
Year

1999-2015
1999-2011
1999-2010
1999-2010
1999-2003
1999-2015
1999-2007
1999-2012
1999-2007
1999-2015
1999-2009
1999-2015
1999-2009
1999-2003
1999-2007
1999-2011
1999-2015
1999-2015
1.4 1999-2015
4.5 1999-2015
17.4 1999-2011

0.4
20.5
22.2
8.2
5.5
5.7
0.1
14.3
49.2
9.1
6.1
6.3
3.4
1.5
2.4
55.6
0.4
4.6

Year

APC

Trend 2

2011-2015
2010-2015
2010-2015
2003-2015
2007-2015
2012-2015
2007-2015
2009-2015
2009-2015
2003-2015
2007-2015
2011-2015
-

–5.1a)
–4.3a)
–5.0a)
–0.6a)
–4.2a)
–2.0
4.1a)
3.3a)
1.1
–1.7a)
–1.5a)
–14.4a)
3.5a)
0.7a)
3.8a) 2011-2015 –0.3

–1.8a)
–0.3
4.9a)
–1.5a)
2.5
2.2a)
–8.9a)
1.9a)
7.1a)
–3.7a)
6.4a)
1.8a)
6.6a)
2.6
1.5
22.4a)
5.3a)
2.6a)

5.5 2012-2015 –7.5a)
1.4a)
-

a)

APC

Trend 1

241.1 1999-2012
2.2 1999-2015

2015

Women

APC was calculated using age-standardized incidence data based on the Segi’s 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
210.5
Lip, oral cavity,
3.6
and pharynx
Esophagus
4.1
Stomach
43.6
Colon and rectum
20.4
Liver
27.9
Gallbladderb)
6.5
Pancreas
5.6
Larynx
2.3
Lung
28.5
Breast
10.7
Cervix uteri
8.5
Corpus uteri
1.4
Ovary
2.7
Prostate
3.1
Testis
0.3
Kidney
3.0
Bladder
4.6
Brain and CNS
2.9
Thyroid
6.3
Hodgkin lymphoma 0.2
Non-Hodgkin
4.3
lymphoma
Multiple myeloma
1.0
Leukemia
4.7
Other and
14.4
ill-defined

Site/Type

Both sexes

Table 5. Trends in cancer incidence rates from 1999 to 2015 in Korea
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1999
Year

APC

Trend 1
Year

0.8
3.5
9.0

2003-2015
2004-2015
2002-2015
2001-2015
2002-2015
2003-2015
2002-2015
2001-2015
2004-2015
2002-2015
2003-2015
2003-2015
-

1.0 1999-2003 12.8a) 2003-2015 0.8
2.2 1999-2001 1.4 2001-2015 –2.1a)
4.3 1999-2015 –3.1a)
-

–4.4a)
–3.3a)
5.5a)
0.8
7.4
0.3a)
–9.5a)
1.8
1.4a)
8.4a)
51.8a)
10.9
9.4a)
–2.5
–0.1
–1.3a)
4.4
7.0
29.6
–0.5a)
6.8
36.9
10.5
35.3
6.8
7.6
3.4
41.5
0.1
2.6
0.1
1.8
2.6
2.2
0.3
0.0
3.0

1999-2015
1999-2003
1999-2004
1999-2002
1999-2001
1999-2015
1999-2015
1999-2002
1999-2015
1999-2003
1999-2002
1999-2001
1999-2004
1999-2015
1999-2015
1999-2015
1999-2002
1999-2003
1999-2003
1999-2015

176.6
2.0

1999

–6.7a)
–1.3a)
–3.6a)
–2.7a)
–2.1a)
–5.2a)
3.4a)
0.2
0.4
–2.0a)
–4.2a)
–0.2
-

1.6
8.9
8.5
12.6
4.2
5.7
0.4
17.9
2.8
1.1
0.4
1.2
1.6
0.0
1.0
1.2
1.7
0.3
0.1
2.0

a)

APC

Trend 2

82.0 1999-2002 1.0 2002-2015 –2.7
1.3 1999-2015 –1.8a)
-

2015
Year

APC

Trend 1
Year

1999-2015
1999-2003
1999-2004
1999-2002
1999-2001
1999-2015
1999-2015
1999-2001
1999-2015
1999-2002
1999-2015
1999-2015
1999-2015
1999-2015
1999-2002
1999-2004
1999-2015

–4.6a)
–2.6a)
5.9a)
–0.1
6.2
–0.4a)
–9.1a)
4.3
–4.5a)
17.5a)
2.9
0.0
–1.6a)
–1.5a)
16.0
19.2a)
–0.8a)
2003-2015
2004-2015
2002-2015
2001-2015
2001-2015
2002-2015
2002-2015
2004-2015
-

–7.0a)
–1.0a)
–3.7a)
–2.8a)
–2.5a)
0.3
–4.0a)
–2.0
-

1.2 1999-2003 10.9a) 2003-2015 0.8
2.8 1999-2015 –1.7a)
5.5 1999-2009 –0.6 2009-2015 –6.8a)

3.4
13.8
11.8
20.9
5.3
7.2
0.8
31.2
0.0
4.3
0.0
1.7
2.4
1.9
0.3
0.1
2.7

a)

APC

Trend 2

119.6 1999-2002 1.2 2002-2015 –3.1
2.3 1999-2015 –2.1a)
-

2015

Men

0.4
2.4
7.0

0.5
14.6
6.0
8.3
4.1
3.9
0.4
9.4
4.2
2.6
0.1
1.7
0.5
0.5
1.6
0.5
0.0
1.4

70.6
0.4

1999
Year

APC

Trend 1
Year

APC

Trend 2

1999-2015 –5.1a)
1999-2003 –4.4a)
1999-2004 4.9a)
1999-2002 2.9
1999-2001 9.2
1999-2015 0.9a)
1999-2010 –15.4a)
1999-2002 2.3
1999-2015 1.7a)
1999-2003 7.8a)
1999-2002 51.6a)
1999-2001 10.2
1999-2015 –0.8
1999-2001 10.8
1999-2015 –1.4a)
1999-2004 4.3
1999-2003 40.8
1999-2015 –0.2

2003-2015
2004-2015
2002-2015
2001-2015
2010-2015
2002-2015
2003-2015
2002-2015
2001-2015
2001-2015
2004-2015
2003-2015
-

–6.6a)
–1.8a)
–3.7a)
–2.6a)
–6.2
–1.5a)
–4.9a)
3.8a)
0.5
–1.9a)
–4.7a)
1.3
0.8 1999-2007 7.4a) 2007-2015 –1.1
1.7 1999-2015 –2.1a)
3.5 1999-2005 –7.0a) 2005-2015 –2.2a)

0.2
5.4
6.1
5.4
3.4
4.5
0.0
8.2
5.5
2.0
0.7
2.2
0.5
0.5
1.5
0.4
0.0
1.4

54.6 1999-2002 1.0 2002-2015 –2.2a)
0.6 1999-2015 –2.7a)
-

2015

Women

APC was calculated using age-standardized incidence data based on the Segi’s 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
114.3
Lip, oral cavity,
1.1
and pharynx
Esophagus
3.1
Stomach
23.8
Colon and rectum
7.7
Liver
20.4
Gallbladderb)
5.2
Pancreas
5.4
Larynx
1.6
Lung
22.4
Breast
2.2
Cervix uteri
1.4
Corpus uteri
0.1
Ovary
0.9
Prostate
0.9
Testis
0.0
Kidney
1.1
Bladder
1.3
Brain and CNS
1.9
Thyroid
0.4
Hodgkin lymphoma 0.0
Non-Hodgkin
2.1
lymphoma
Multiple myeloma
0.6
Leukemia
2.9
Other and
7.8
ill-defined

Site/Type

Both sexes

Table 6. Trends in cancer mortality rates from 1999 to 2015 in Korea

Kyu-Won Jung, Cancer Statistics in Korea, 2015
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A
Stomach
Liver
Prostate

100
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Lung
Thyroid
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Stomach
Colon and rectum
Liver
Lung
Breast
Cervix uteri
Thyroid

100
80
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20
01
20
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20
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20
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20
05
20
06
20
07
20
08
20
09
20
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20
11
20
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20
13
20
14
20
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20

20

19

99
00

0

99
00
20
01
20
02
20
03
20
04
20
05
20
06
20
07
20
08
20
09
20
10
20
11
20
12
20
13
20
14
20
15

0
19

B

120
Age-standardized rate per 100,000

Age-standardized rate per 100,000

120

Year of diagnosis

Year of diagnosis

Fig. 2. Trends in age-standardized incidences of selected cancers by sex from 1999 to 2015 in Korea. Age standardization
was based on the Segi’s world standard population. (A) Men. (B) Women.

A
Stomach
Colon and rectum
Liver
Lung
Prostate
Thyroid

60

40

20

0
1983

1988

1993

1998
2003
Year of death

2008

2015

B

40

Age-standardized rate per 100,000

Age-standardized rate per 100,000

80

Stomach
Colon and rectum
Liver
Lung
Breast
Cervix
Thyroid

30

20

10

0
1983

1988

1993

1998
2003
Year of death

2008

2015

Fig. 3. Annual age-standardized cancer mortalities of selected cancers by sex from 1983 to 2015 in Korea. (A) Men. (B)
Women. Age-standardization was based on the Segi’s world standard population.

showed a constant decrease for the whole period. The incidence of liver cancer decreased drastically starting in 2010
(Fig. 2).
The ASR for the all-cancer mortality rate has been
increased until 2002 (Table 6, Fig. 1). After that year, it began
to decrease (2002-2015, APC, –2.7%). Similar patterns were
observed in men and women. According to cancer sites, the
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mortality rates for most cancers including those of the lung,
liver, colorectum, gallbladder, leukemia, brain and central
nervous system, cervix uteri, and thyroid started to decrease
in the early 2000s. However, the mortality rates for cancers
of the stomach, larynx, testis, bladder, and non-Hodgkin
lymphoma decreased starting in 1999 (Fig. 3). Cancers in the
pancreas, breast, and prostate showed constant increasing

Kyu-Won Jung, Cancer Statistics in Korea, 2015

Table 7. The five common sites/types of cancer incidence by age group and sex in Korea, 2015
Age (yr)

Rank
Men
1
2
3
4
5
Women
1
2
3
4
5

0-14

15-34

35-64

≥ 65

Leukemia (4.7)
Non-Hodgkin lymphoma (2.7)
Brain and CNS (1.9)
Kidney (0.5)
Liver (0.4)

Thyroid (11.9)
Leukemia (3.8)
Non-Hodgkin lymphoma (2.8)
Colon and rectum (2.7)
Testis (2.3)

Stomach (81.9)
Colon and rectum (62.9)
Liver (56.9)
Lung (42.1)
Thyroid (33.7)

Lung (436.0)
Stomach (353.5)
Colon and rectum (300.4)
Prostate (284.2)
Liver (178.7)

Leukemia (4.1)
Brain and CNS (1.6)
Non-Hodgkin lymphoma (1.5)
Thyroid (0.9)
Ovary (0.6)

Thyroid (45.9)
Breast (10.9)
Cervix uteri (5.2)
Ovary (3.0)
Stomach (2.9)

Breast (132.5)
Thyroid (125.6)
Colon and rectum (37.0)
Stomach (36.5)
Lung (21.9)

Colon and rectum (168.4)
Stomach (137.0)
Lung (122.1)
Breast (78.2)
Live (66.3)

CNS, central nervous system.

A
Stomach
Colon and rectum
Liver
Lung
Prostate
Thyroid

500
400
300
200
100
0

Stomach
Colon and rectum
Liver
Lung
Breast
Cervix uteri
Thyroid

300
250
200
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Fig. 4. Age-specific incidence rates of common cancers for 2015 in Korea. (A) Men. (B) Women.

trends for the whole period.
4. Age-specific incidence
Leukemia was the most commonly diagnosed cancer
among children aged 0-14 years (Table 7). Thyroid cancer
was the most common cancer among adolescents and young
adults between 15 and 34 years of age. For men, the incidence
rate of cancer increased before age 70 years (Fig. 4A). Stom-

ach cancer was the most commonly diagnosed cancer among
men aged 35 to 64 years, while lung cancer was the most
common among men aged  65 years. In contrast, breast cancer was most commonly diagnosed among women aged
35-64 years, while colorectal cancer was the most common
among women aged  65 years. The incidence rates for thyroid and breast cancer showed an inverted U-shaped pattern
when analyzed according to age (Fig. 4B).
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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

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

21.4
57.8
66.7
20.4
23.1
8.4
66.3
16.5
88.6
81.4
84.5
61.8
80.4
90.7
73.6
75.7
40.9
98.4
76.7
55.9
29.6
42.0
57.6

54.0
54.3

20012005

29.6
68.1
73.5
28.1
26.8
8.4
72.9
20.1
91.1
80.5
86.4
61.1
91.1
93.1
78.4
76.7
42.8
99.9
81.0
59.3
34.9
47.6
67.2

65.2
60.6

20062010

36.0
75.4
76.3
33.6
29.1
10.8
75.5
26.7
92.3
79.9
87.8
64.1
94.1
95.6
82.2
75.8
40.7
100.3
82.2
62.9
40.9
51.0
72.2

70.7
64.5
23.3
32.6
21.5
22.9
11.8
1.4
15.8
15.4
14.4
2.4
6.3
5.4
38.2
10.2
20.2
6.7
2.2
6.1
14.2
16.3
18.8
24.5
30.1

29.5
23.4
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

31.7
35.8

20111993Changea)
2015
1995

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

35.3
41.1

19962000

20.6
58.4
68.5
20.3
23.5
8.4
66.9
15.2
87.2
80.4
90.7
73.0
77.5
40.2
96.0
74.7
54.9
29.8
41.8
53.8

45.4
49.4

20012005

29.0
68.7
75.4
28.1
27.7
8.1
73.2
17.9
89.9
91.1
93.1
78.2
78.8
41.4
100.1
80.7
59.1
35.0
46.8
63.4

56.5
56.4

20062010

Men

35.7
76.3
78.0
34.1
30.2
10.3
75.9
22.7
87.1
94.1
95.6
81.6
77.8
39.1
100.6
82.8
62.4
40.6
51.1
68.9

62.8
60.7
23.9
33.3
22.7
24.2
13.6
1.5
15.7
12.3
12.0
38.2
10.2
20.8
7.8
1.9
13.4
15.2
17.1
19.5
24.9
31.5

31.1
24.9
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

53.4
58.1

20111993Changea)
2015
1995

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

55.3
63.8

19962000

29.7
56.5
64.3
20.9
22.7
8.5
58.9
20.1
88.6
81.4
84.5
61.8
74.7
68.8
41.7
98.7
80.7
57.4
29.4
42.2
61.8

64.2
67.8

20012005

36.5
66.7
70.8
28.1
25.9
8.7
67.6
25.8
91.1
80.5
86.4
61.1
78.8
68.6
44.4
99.9
81.6
59.6
34.8
48.6
71.0

74.2
71.7

20062010

Women

39.3
73.7
73.6
32.2
28.0
11.5
69.9
35.8
92.3
79.9
87.8
64.1
83.6
67.7
42.6
100.2
81.2
63.6
41.3
50.8
75.5

78.4
74.1

15.6
31.1
19.4
18.6
10.0
1.4
14.5
21.6
14.3
2.4
6.3
5.4
19.1
2.2
2.4
4.8
12.6
14.9
18.0
24.0
28.1

25.0
16.0

2011Changea)
2015

CNS, central nervous system. a)Percentage change in 5-year relative survival from 1993 to 1995 and 2011 to 2015, b)Includes the gallbladder and other/unspecified
parts of the biliary tract.

44.0
46.7

41.2
41.1

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

19962000

19931995

Site/Type

Both sexes

Table 8. Trends in the 5-year relative survival rates (%) by year of diagnosis from 1993 to 2015 in Korea

Cancer Res Treat. 2018;50(2):303-316

Kyu-Won Jung, Cancer Statistics in Korea, 2015

A
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2015

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
2014
2015

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 2014. (A) All sites for both sexes. (B) All sites except thyroid cancer for both sexes.
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0
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cancers

9,945
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187,370
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7,993
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3,858
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165,051

46,659

19,417

23,472

17,626

8,845

9,927

7,581

462,639

95,598

22,289

26,889

24,368

35,106

17,289

16,911

796,427

179,081

69,931

69,438

61,290

50,477

35,333

31,407

1,611,487

Thyroid

Stomach

Breast
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Under 1 yr

24,903

26,423

24,400

19,000

17,387

1-2 yr
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22,274

17,824
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126,900

66,852

62,715
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172,479

139,862

111,264

Total

355,057

256,995

220,653

Prostate

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, 2016 among all cancer patients diagnosed between 1999 and 2015.
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Table 9. Crude and age-standardized rates of cancer prevalence by sex on January 1, 2016 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

Men

Women

Both sexes

Men

Women

3,162.8
42.8
18.0
504.4
433.1
120.3
38.2
18.7
19.7
137.2
351.5
99.1
40.9
35.5
136.3
5.8
69.3
61.6
20.3
696.8
5.0
53.9
10.5
37.8
205.9

2,781.0
57.6
32.5
668.9
516.8
180.2
39.1
19.8
37.1
172.8
2.7
272.8
11.5
93.7
100.6
21.0
236.3
6.4
61.4
10.9
41.8
197.1

3,544.1
28.1
3.6
340.1
349.4
60.4
37.3
17.6
2.3
101.8
699.8
198.0
81.8
71.0
45.0
22.7
19.7
1,156.8
3.7
46.5
10.0
33.8
214.6

1,956.9
26.8
10.3
291.5
248.2
73.5
21.1
11.1
11.2
78.7
221.7
61.5
26.1
24.2
71.3
5.2
43.5
33.7
17.2
464.9
4.2
38.2
6.1
35.2
131.4

1,826.6
37.9
20.6
425.6
330.6
116.8
24.7
12.9
23.6
110.2
1.7
170.0
10.3
62.0
64.1
18.3
160.2
5.1
45.9
7.0
39.2
139.9

2,171.5
17.2
1.8
180.9
181.7
34.2
18.4
9.7
1.2
54.5
435.9
120.0
51.2
48.1
27.1
10.6
16.1
767.5
3.2
31.1
5.4
31.1
124.4

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, 2015
and who were alive on January 1, 2016. Multiple primary cancer cases were counted multiple times, b)Age-adjusted using the
Segi’s world standard population, c)Includes the gallbladder and other/unspecified parts of the biliary tract.

5. Survival rates
The 5-year RSRs for all cancer combined improved
remarkably in both sexes, from 41.2% in 1993-1995 to 70.7%
in 2011-2015 (Table 8, Fig. 5A). After excluding thyroid cancer, the 5-year RSRs for all cancer still increased from 1993 to
2015 (Fig. 5B).
The 5-year RSR during 2011-2015 for all cancers combined
was 62.8% in men and 78.4% in women, respectively. The
5-year RSR for thyroid cancer was over 100%, while the
5-year RSRs for testis, prostate, and breast cancer were over
90% in 2011-2015 for both sexes. However, the 5-year RSR
for pancreatic cancer was only 10.8% in both sexes in 20112015.
When compared to the 5-year RSR for men in 1993-1995,
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prostate cancer diagnosed from 2011 to 2015 showed the
most outstanding improvement, followed by stomach,
leukemia, “lip, oral cavity and pharynx” and liver cancer.
Among women, stomach cancer diagnosed during 2011-2015
showed the greatest improvement in 5-year RSRs compared
to those between 1993 and 1995, followed by leukemia, lung,
colorectal, and kidney cancer.
6. Prevalence
A total of 1,611,487 prevalent cancer cases were identified
on January 1, 2016 (Table 1). Of these cases, 707,977 (43.9%)
were men and 903,510 (56.1%) were women. The crude and
age-standardized prevalence rates for overall cancer were
3,162.8 per 100,000 individuals and 1,956.9 per 100,000 indi-

Kyu-Won Jung, Cancer Statistics in Korea, 2015

viduals for both sexes, respectively, in 2015 (Table 9).
The five most common cancers for men were stomach (CR,
668.9), colorectal (CR, 516.8), prostate (CR, 272.8), thyroid
(CR, 236.3), and liver cancer (CR, 180.2). In contrast, thyroid
cancer was most common in women (CR, 1156.8), followed
by breast (CR, 699.8), colorectal (CR, 349.4), stomach (CR,
340.1), and cervix uteri cancer (CR, 198.0).
Analysis of the period after cancer diagnosis revealed that
thyroid (15.8%) cancer was the most prevalent cancer within
2 years after diagnosis, followed by stomach (14.3%) and colorectal cancer (13.2%) (Fig. 6). Thyroid cancer (27.4%) was
most prevalent for 2-5 years, followed by stomach (14.5%)
and colorectal cancer (13.6%). After 5 years, thyroid cancer
(21.7%) was the most prevalent cancer, followed by stomach
(17.6%) and colorectal cancer (14.0%).
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Prediction of Cancer Incidence and Mortality in Korea, 2018

Purpose
This study aimed to report on cancer incidence and mortality for the year 2018 to estimate
Korea’s current cancer burden.
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Materials and Methods
Cancer incidence data from 1999 to 2015 were obtained from the Korea National Cancer
Incidence Database, and cancer mortality data from 1993 to 2016 were acquired from Statistics Korea. Cancer incidence and mortality were projected by fitting a linear regression
model to observed age-specific cancer 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, we only used the
data of the latest trend.
Results
A total of 204,909 new cancer cases and 82,155 cancer deaths are expected to occur in
Korea in 2018. The most common cancer sites were lung, followed by stomach, colorectal,
breast and liver. These five cancers represent half of the overall burden of cancer in Korea.
For mortality, the most common sites were lung cancer, followed by liver, colorectal, stomach
and pancreas.
Conclusion
The incidence rate of all cancer in Korea are estimated to decrease gradually, mainly due
to decrease of thyroid cancer. These up-to-date estimates of the cancer burden in Korea
could be an important resource for planning and evaluation of cancer-control programs.

Introduction
As the leading cause of death in Korea [1], cancer has been
the country’s major public health concern since 1983. Over
210,000 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 can
provide nationwide cancer statistics within a relatively brief
period, a lag time of at least 2 years is required to collect, and
│ http://www.e-crt.org │

Key words
Incidence, Mortality, Neoplasms, Forecasting, Korea, 2018

analyze of the data on 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 2018 based on the data from the 1990s through
2016.

Copyright ⓒ 2018 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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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 2015 were obtained
from the Korea National Cancer Incidence Database. Cancer
cases were classified according to the International Classification of Diseases for Oncology, third edition [4], and converted according to the International Classification of
Diseases, 10th edition (ICD-10) [5]. Mortality data from 1993
to 2016 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

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-C86, C96), multiple myeloma (C90), leukemia (C91-C95), and other and ill
defined.
Population data from 1993 to 2018 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 2018, however, we
used population data as of December 31, 2017, because mid2018 resident registration population was not yet available
at the time of analysis.
Linear regression models [6] were used to assess time
trends and projections. Firstly, we first performed a Joinpoint
regression analysis on the data available to detect the year

Table 1. Estimated new cancer cases and deaths by sex during 2018 in Korea
Estimated new cases

Site
All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Livera)
Gallbladderb)
Pancreas
Larynx
Lungc)
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

Both sexes

Male

Female

204,909
3,627
2,515
25,872
23,271
15,058
7,327
7,539
1,070
26,725
21,471
2,910
2,741
2,709
10,904
298
5,244
4,401
1,824
10,129
323
4,960
1,843
3,534
18,614

112,275
2,631
2,297
17,103
13,734
11,343
3,878
3,994
1,040
19,107
82
0
0
0
10,904
298
3,610
3,533
970
2,014
205
2,867
991
2,019
9,655

92,634
996
218
8,769
9,537
3,715
3,449
3,545
30
7,618
21,389
2,910
2,741
2,709
0
0
1,634
868
854
8,115
118
2,093
852
1,515
8,959

82,155
1,196
1,365
7,138
9,371
10,977
4,562
6,362
299
19,317
2,709
763
357
1,236
2,176
18
1,186
1,563
1,320
354
64
1,966
1,102
1,951
4,803

50,525
875
1,212
4,624
5,549
8,016
2,253
3,288
298
14,108
19
0
0
0
2,176
18
825
1,173
674
101
39
1,142
594
1,132
2,409

31,630
321
153
2,514
3,822
2,961
2,309
3,074
1
5,209
2,690
763
357
1,236
0
0
361
390
646
253
25
824
508
819
2,394

CNS, central nervous system. a)Includes the liver and intrahepatic bile duct, b)Includes the gallbladder and other/unspecified
parts of the biliary tract, c)Includes the lung and bronchus.
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A
Males
112,275

Females
92,634

(%)

(%)

Lung
17.0
Stomach
15.2
Colon and rectum
12.2
Liver
10.1
Prostate
9.7
Pancreas
3.6
Kidney
3.5
Bladder
3.2
Gallbladder
3.1
Non-Hodgkin lymphoma 2.6
All sites
100.0

23.1
10.3
9.5
8.8
8.2
4.0
3.8
3.7
3.1
3.0
100.0

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

B
Males
50,525
(%)
27.9
Lung
15.9
Liver
11.0
Colon and rectum
9.2
Stomach
6.5
Pancreas
4.5
Gallbladder
4.3
Prostate
2.4
Esophagus
2.3
Bladder
Non-Hodgkin lymphoma 2.3
100.0
All sites

Females
31,630
(%)
16.5
Lung
12.1
Colon and rectum
9.7
Pancreas
9.4
Liver
8.5
Breast
7.9
Stomach
7.3
Gallbladder
3.9
Ovary
2.6 Non-Hodgkin lymphoma
2.6
Leukemia
100.0
All sites

Fig. 1. The 10 leading types of estimated new cancer cases and deaths by sex in 2018. (A) Estimated new cases. (B) Estimated
deaths.

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. 4.3.1; http:// surveillance.cancer.gov/joinpoint) from the Surveillance
Research Program of the U.S. National Cancer Institute [7].

We chose the number of joinpoint in order to have least four
data points between consecutive joinpoints. Secondly, to predict age-specific cancer rates, a linear regression model was
fitted to age-specific rates by 5-year age groups against
observed years based on observed cancer incidence data of
the latest trend. Finally, we multiply the projected age-specific rates by the age-specific population to get the projected
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Table 2. Estimated crude and age-standardized cancer incidences by sex during 2018 in Korea
Crude incidence rate
per 100,000

Site
All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liverb)
Gallbladderc)
Pancreas
Larynx
Lungd)
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

396.8
7.0
4.9
50.1
45.1
29.2
14.2
14.6
2.1
51.8
41.6
5.6
5.3
5.2
21.1
0.6
10.2
8.5
3.5
19.6
0.6
9.6
3.6
6.8
36.0

433.8
10.2
8.9
66.1
53.1
43.8
15.0
15.4
4.0
73.8
0.3
42.1
1.2
13.9
13.7
3.7
7.8
0.8
11.1
3.8
7.8
37.3

359.7
3.9
0.8
34.0
37.0
14.4
13.4
13.8
0.1
29.6
83.1
11.3
10.6
10.5
6.3
3.4
3.3
31.5
0.5
8.1
3.3
5.9
34.8

222.3
4.1
2.5
26.7
23.1
15.5
6.7
7.2
1.1
25.5
26.4
3.6
3.3
3.4
10.5
0.6
5.9
4.1
2.5
15.4
0.5
6.1
1.8
5.4
20.3

255.1
6.1
4.9
38.3
30.4
25.3
8.3
8.7
2.2
40.8
0.2
23.4
1.1
8.5
7.6
2.8
5.9
0.7
7.5
2.2
6.4
23.4

202.7
2.3
0.4
16.7
16.8
6.6
5.5
5.9
0.1
13.7
52.8
7.1
6.5
6.7
3.5
1.3
2.3
25.5
0.4
4.9
1.6
4.5
17.7

CNS, central nervous system. a)Age adjusted to the world standard population, b)Includes the liver and intrahepatic bile duct,
c)
Includes the gallbladder and other/unspecified parts of the biliary tract, d)Includes the lung and bronchus.

cancer cases and deaths of the year 2018.
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 [8] and expressed per 100,000 persons.

Results
1. Incidence
A total of 204,909 new cancer cases are anticipated in 2018
(Table 1, Fig. 1), with more male (n=112,275) than female
(n=92,634) of cancer patients expected.
The projected CRs per 100,000 of all sites combined in 2018
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are projected to be 433.8 and 359.7 in men and women,
respectively (Table 2). The projected ASRs per 100,000 of all
sites combined are 255.1 and 202.7, respectively. In men, the
five leading primary sites of cancer are expected to be the
lung (CR, 73.8; ASR, 40.8), stomach (CR, 66.1; ASR, 38.3),
colon and rectum (CR, 53.1; ASR, 30.4), liver (CR, 43.8; ASR,
25.3), and prostate (CR, 42.1; ASR, 23.4), accounting for 64.2%
of all new cancers in 2018.
In women, the five leading primary sites are expected to
be the breast (CR, 83.1; ASR, 52.8), colon and rectum (CR,
37.0; ASR, 16.8), stomach (CR, 34.0; ASR, 16.7), thyroid (CR,
31.5; ASR, 25.5), and lung (CR, 29.6; ASR, 13.7), accounting
for 59.9% of all new cancers (Fig. 1).
The five most common cancer sites expected in 2018 by sex
and age group are shown in Table 3. Leukemia and thyroid
cancer are expected to be the most common forms of cancer
in both genders for the 0-14 and 15-34 age groups. Stomach

Kyu-Won Jung, Cancer Incidence and Mortality in Korea, 2018

Table 3. Estimated cancer incidence by age group and sex during 2018 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 (2.9)
Brain and CNS (1.5)
Liverb) (0.4)

Thyroid (7.9)
Leukemia (3.5)
Non-Hodgkin lymphoma (3.0)
Testis (2.6)
Colon and rectum (2.5)

Stomach (64.6)
Livera) (48.7)
Colon and rectum (45.2)
Lung (43.6)
Prostate (20.2)

Lunga) (433.8)
Stomach (287.9)
Prostate (266.6)
Colon and rectum (252.9)
Liverb) (166.8)

Leukemia (4.1)
Non-Hodgkin lymphoma (1.8)
Brain and CNS (1.6)
Ovary (0.8)
Thyroid (0.7)

Thyroid (34.9)
Breast (10.8)
Cervix uteri (5.4)
Ovary (3.2)
Cervix corpus (2.4)

Breast (141.3)
Thyroid (41.7)
Stomach (29.8)
Colon and rectum (26.1)
Lunga) (21.7)

Colon and rectum (147.9)
Stomach (119.0)
Lunga) (116.7)
Breast (85.7)
Gallbladderc) (63.2)

CNS, central nervous system. a)Includes the lung and bronchus, b)Includes the liver and intrahepatic bile duct, c)Includes the
gallbladder and other/unspecified parts of the biliary tract.

A

600
500
400
300
200

350
300
250
200
150
100

0

0
0-

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

4
59

50

0-

Stomach
Colon and rectum
Liver
Lung
Breast
Cervix uteri
Thyroid

400

100

4
59

Age-specific rate per 100,000

700

B

450

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

Stomach
Colon and rectum
Liver
Lung
Prostate

Age-specific rate per 100,000

800

Age group (yr)

Age group (yr)

Fig. 2. Projected age-specific incidences of major cancers during 2018 in Korea. (A) Males. (B) Females.

cancer is predicted to be the most prevalent in men aged
35-64 years, while lung cancer is expected to be more frequent in men aged 65 and over. Breast 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
(Fig. 2). In women, the age-specific incidence rates of stom-

ach, 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 40s.
2. Mortality
It is estimated that 82,155 cancer deaths will occur in Korea
during 2018 (Table 1, Fig.1). The projected CRs per 100,000
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Table 4. Estimated crude and age-standardized cancer mortality rates by sex during 2018 in Korea
Crude mortality rate
per 100,000

Site

Age-standardized mortality rate
per 100,000a)

Both sexes

Male

Female

159.1
2.3
2.6
13.8
18.1
21.3
8.8
12.3
0.6
37.4
5.2
1.5
0.7
2.4
4.2
0.0
2.3
3.0
2.6
0.7
0.1
3.8
2.1
3.8
9.3

195.2
3.4
4.7
17.9
21.4
31.0
8.7
12.7
1.2
54.5
0.1
8.4
0.1
3.2
4.5
2.6
0.4
0.2
4.4
2.3
4.4
9.3

122.8
1.2
0.6
9.8
14.8
11.5
9.0
11.9
0.0
20.2
10.4
3.0
1.4
4.8
1.4
1.5
2.5
1.0
0.1
3.2
2.0
3.2
9.3

All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liverb)
Gallbladderc)
Pancreas
Larynx
Lungd)
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

Both sexes
75.0
1.2
1.2
6.4
8.2
10.5
3.8
5.8
0.3
16.8
3.0
0.8
0.4
1.3
1.7
0.0
1.1
1.2
1.6
0.3
0.1
1.8
1.0
2.1
4.6

Male

Female

108.1
1.9
2.5
9.9
11.8
17.5
4.7
7.1
0.6
29.1
0.0
4.5
0.1
1.8
2.5
1.8
0.2
0.1
2.5
1.3
2.7
5.5

51.0
0.5
0.2
3.7
5.5
4.5
3.1
4.7
0.0
7.8
5.8
1.5
0.7
2.4
0.6
0.5
1.5
0.3
0.0
1.3
0.8
1.6
3.9

CNS, central nervous system. a)Age adjusted to the world standard population, b)Includes the liver and intrahepatic bile duct,
c)
Includes the gallbladder and other/unspecified parts of the biliary tract, d)Includes the lung and bronchus.

600
500
400
300
200

300
250
200
150
100

0

0
04
59

50

0-

Stomach
Colon and rectum
Liver
Lung
Breast
Cervix uteri
Thyroid

350

100

Age group (yr)

B

400

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

700

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

Age-specific rate per 100,000

800

A
Stomach
Colon and rectum
Liver
Lung
Prostate

Age-specific rate per 100,000

900

Age group (yr)

Fig. 3. Projected age-specific mortality rates of major cancers during 2018 in Korea. (A) Males. (B). Females.
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of all sites combined in 2018 for men and women are projected to be 195.2 and 122.8, respectively, whereas the projected ASRs per 100,000 of all sites combined are expected to
be 108.1 and 51.0, respectively (Table 4). The predicted five
leading cancer sites causing mortality in men are predicted
to be lung (CR, 54.5; ASR, 29.1), liver (CR, 31.0; ASR, 17.5),
colon and rectum (CR, 21.4; ASR, 11.8), stomach (CR, 17.9;
ASR, 9.9), and pancreas (CR, 12.7; ASR, 7.1). During the same
period, lung cancer (CR, 20.2; ASR, 7.8) is projected to be the
leading cancer cause of death in women, followed by the
colon and rectum (CR, 14.8; ASR, 5.5), pancreas (CR, 11.9;
ASR, 4.7), liver (CR, 11.5; ASR, 4.5), and breast (CR, 10.4;
ASR, 5.8).
The predicted age-specific mortality rates of the selected
cancers for males and females in 2018 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.

expected to be the most common causes of cancer deaths
among men. In women, the five leading primary sites are
expected to be the breast, colorectal, stomach, thyroid, and
lung cancers are anticipated to be the most prevalent, while
lung, colorectal, pancreatic, liver, and breast 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
decrease somewhat, but burden of most of cancers will continue to grow with the aging of its population. The current
projections of cancer incidence and mortality for 2018 represent an important resource for planning and evaluation of
cancer-control programs. As the estimates in this study are
model-based, these results should be interpreted with caution. Especially, incidence of some cancers, such as stomach,
colorectum and thyroid, started to decrease from early 2010s.
So recent trends of those cancers contained only five or six
data points, therefore their estimates could be unstable.
Conflicts of Interest
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A total of 204,909 new cancer cases and 82,155 cancer
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A National Study of Survival Trends and Conditional Survival
in Nasopharyngeal Carcinoma: Analysis of the National
Population-Based Surveillance Epidemiology and End Results Registry
Purpose
Conditional survival (CS) provides important information on survival for a period of time after
diagnosis. Currently, information on CS patterns of patients with nasopharyngeal carcinoma
(NPC) is lacking. We aimed to analyze survival rate over time and estimate CS for NPC
patients using a national population-based registry.
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Materials and Methods
Patients diagnosed with NPC between 1973 and 2007 with at least 5-year follow-up were
identified from the Surveillance Epidemiology End Results registry. Traditional survival rates
and crude CS estimates were calculated using Kaplan-Meier analysis. Risk-adjusted survival
curves were plotted from the proportional hazards model using the correct group prognosis
method.
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Results
For 7,713 patients analyzed, adjusted baseline 5-year overall survival improved significantly
from 36.0% in patients diagnosed in 1973-1979, 41.7% in 1980-1989, 46.6% in 19901999, to 54.7% in 2000-2007 (p < 0.01). CS analysis demonstrated that for every additional
year survived, adjusted probability of surviving the next 5 years increased from 66.7%
(localized), 54.0% (regional), and 35.3% (distant) at the time of diagnosis, to 83.7% (localized), 75.0% (regional), and 62.2% (distant) for patients who had survived 5 years. Adjusted
5-year CS differed among age, sex, tumor histology, ethnicity, and stage subgroups initially,
but converged with time.
Conclusion
Treatment outcomes of NPC patients have greatly improved over the decades. Increases
in CS become more prominent in patients with distant disease than in those with localized
or regional disease as patients survive longer. CS provides more dynamic prognostic information for patients who have survived a period of time after diagnosis.
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Nasopharyngeal neoplasms, Conditional survival,
Survival trends, SEER program

Copyright ⓒ 2018 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.

│ http://www.e-crt.org │

Jia-Wei Lv, Population-Based Analysis of Survival in NPC

Introduction

Materials and Methods

Nasopharyngeal carcinoma (NPC) is a unique head and
neck cancer with a skewed racial and geographical distribution worldwide [1]. The age-standardized incidence rates
range from 20 to 50 per 100,000 males in southern China to
0.5 per 100,000 in Caucasian populations [2,3]. The last two
decades have witnessed great improvements in overall survival (OS) and progression-free survival in NPC, which can
be attributed to the introduction of new technologies—such
as intensity-modulated radiation therapy (IMRT)—as well as
concurrent chemoradiotherapy (CCRT) and induction chemotherapy (IC) [4-6].
Five-year OS is commonly used to estimate the long-term
prognosis of patients with NPC, and is usually measured
from the time of diagnosis. However, the survival probabilities of patients who have survived for some time after treatment are not static. This is of major importance, as patients
who have survived for a certain period after being diagnosed
with NPC are often interested in their updated prognosis.
Such dynamic prognostic information is valuable, as it can
assist patients making important life-changing decisions,
especially those whose initial prognosis was poor—for
example, patients with locoregionally-advanced or metastatic NPC. In addition, such data could help healthcare
providers (HCPs) to counsel patients and tailor subsequent
surveillance and management strategies [7].
Conditional survival (CS), which is calculated after a given
duration of survival using data for only individuals who
have survived to that predefined time of interest, may represent the best tool to assess dynamic changes in prognosis
[8]. Recently, various studies on CS patterns for different
tumor types, such as melanoma, lung, gastric, and colon cancer, have provided important prognostic information for
patients and HCPs [9-11]. Fuller et al. [12] reported an analysis of the CS patterns for all head and neck squamous cell
carcinomas (HNSCCs), utilizing a cohort of patients from the
Surveillance, Epidemiology, and End Results (SEER) registry
diagnosed between 1973 and 1998. However, these patients
were not treated using the modern treatment techniques currently available. Given the unique biological behavior, treatment patterns, and mode of failure of NPC [13], as well as
the application of modern techniques such as IMRT and
CCRT [14], up-to-date data on the patterns of CS for NPC are
required.
In this study, we determined contemporary survival
trends for NPC and CS patterns for surviving patients utilizing the updated population-based SEER registry (1973-2012).
The aims of this study were to understand how survival
changes over time and provide a general overview of the CS
patterns for patients with NPC.

1. Data source, diagnostic codes, and study population
Data from the NCI SEER 17 program released in 2015 were
obtained. The SEER collects cancer incidence and survival
data from 18 regional population-based registries, which represent approximately 28% of the U.S. population [15].
The SEER registry routinely collects data on demographics,
primary tumor site, tumor morphology, disease stage at
diagnosis, first course of treatment, and vital status at last
contact. Tumor site and histology were grouped according
to the International Classification of Diseases for Oncology,
third edition (ICD-O-3). All NPC cases (SEER site code 20060)
were divided into four groups: keratinizing squamous cell
carcinoma (ICD-O codes 8070 and 8071), differentiated nonkeratinizing carcinoma (ICD-O codes 8072 and 8073), undifferentiated non-keratinizing carcinoma (ICD-O codes 8020,
8021, and 8082) and others (carcinoma not otherwise specified [NOS]; ICD-O code 8010) [16]. Staging was grouped into
four broad categories according to the SEER historical staging classification: localized, regional, distant disease, and
NOS. Localized disease was defined as an invasive neoplasm
confined entirely to the organ of origin. Regional disease was
defined as a neoplasm that has extended beyond the limits
of the organ of origin directly into surrounding organs or tissues; into regional lymph nodes via the lymphatic system; or
by a combination of extension and regional lymph nodes.
Distant disease was defined as a neoplasm that has spread
to parts of the body remote from the primary tumor by either
direct extension or discontinuous metastasis to distant
organs, tissues, or via the lymphatic system to distant lymph
nodes. The seventh edition of the American Joint Committee
on Cancer (AJCC)/Union for International Cancer Control
staging for NPC was recorded from 2007 onwards in the
SEER database, thus was not applicable to this study. Race
was classified as White, Black, Chinese, or others. Treatment
was classified as the use of radiation or not, as the use of
chemotherapy was not recorded in the SEER database [17].
The patients included in the current study fulfilled the following criteria: (1) patients with invasive, malignant NPC
diagnosed between 1973 and 2007; 2007 was selected as the
final date to allow for a minimum of 5-year follow-up; (2)
patients with complete data on age at diagnosis, sex, race,
tumor histology, and SEER historical staging. Exclusion criteria are as follows: (1) in situ disease; (2) not the first or only
occurrence of malignant disease; (3) reporting source was a
nursing home, hospice, autopsy, or death certificate only.
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Table 1. Basic characteristics and survival analysis for 7,713 patients diagnosed with nasopharyngeal carcinoma between
1973 and 2007
Characteristic
Age (yr)
 45
> 45
Sex
Male
Female
Year of diagnosis
1973-1979
1980-1989
1990-1999
2000-2007
Histological type
Keratinizing squamous cell
Differentiated non-keratinizing
Undifferentiated non-keratinizing
Others
Ethnic origin
White
Black
Chinese
Other
Stageb)
Localized
Regional
Distant
NOS
Radiation treatment
No
Yes
NOS

No. of
patients (%)

Univariate
analysis
HR (95% CI)

Overall
survival
rate

Multivariate
analysisa)
HR (95% CI)

Overall
adjusted
survival

2,299 (29.8)
5,414 (70.2)

Reference
2.34 (2.19-2.50)

0.66
0.45

Reference
2.27 (2.12-2.43)

0.69
0.44

5,372 (69.6)
2,341 (30.4)

Reference
0.90 (0.84-0.95)

0.50
0.54

Reference
0.92 (0.86-0.97)

0.51
0.54

823 (10.7)
2,386 (16.7)
2,245 (29.1)
3,359 (43.5)

Reference
0.86 (0.78-0.95)
0.67 (0.62-0.74)
0.63 (0.58-0.69)

0.36
0.44
0.54
0.56

Reference
0.89 (0.81-0.98)
0.78 (0.71-0.86)
0.64 (0.59-0.70)

0.36
0.42
0.47
0.55

3,023 (39.2)
941 (12.2)
1,629 (21.1)
2,120 (27.5)

Reference
0.66 (0.60-0.72)
0.54 (0.50-0.58)
0.73 (0.69-0.78)

0.41
0.58
0.65
0.52

Reference
0.79 (0.72-0.87)
0.67 (0.62-0.72)
0.84 (0.79-0.90)

0.47
0.55
0.60
0.52

3,808 (49.4)
683 (8.9)
1,602 (20.8)
1,620 (21.0)

Reference
0.94 (0.85-1.03)
0.59 (0.55-0.63)
0.68 (0.63-0.73)

0.44
0.43
0.64
0.58

Reference
1.09 (0.99-1.20)
0.69 (0.64-0.75)
0.79 (0.73-0.85)

0.44
0.48
0.60
0.56

901 (11.7)
4,610 (59.8)
1,568 (20.3)
634 (8.2)

Reference
1.23 (1.14-1.37)
2.12 (1.92-2.36)
1.58 (1.40-1.79)

0.66
0.55
0.34
0.45

Reference
1.55 (1.41-1.70)
2.56 (2.31-2.83)
1.52 (1.34-1.73)

0.67
0.54
0.35
0.53

1,080 (14.0)
6,475 (83.9)
158 (2.1)

Reference
0.56 (0.52-0.61)
0.89 (0.74-1.08)

0.32
0.55
0.35

Reference
0.56 (0.52-0.61)
0.74 (0.61-0.89)

0.33
0.55
0.38

HR, hazard ratio; CI, confidence interval; NOS, not otherwise specified; SEER, Surveillance Epidemiology End Results. a)The
following parameters were included in the Cox proportional hazards model multivariate analysis: age ( 45 vs. > 45 years);
sex (male vs. female); race (White vs. Black vs. Chinese vs. other); histological type (keratinizing squamous cell carcinoma vs.
differentiated non-keratinizing carcinoma vs. undifferentiated non-keratinizing carcinoma); SEER historical staging (localized
vs. regional vs. metastasis vs. NOS); year of diagnosis (1973-1979 vs. 1980-1989 vs. 1990-1999 vs. 2000-007), and the use of
radiation (‘yes’ vs. ‘no’ vs. ‘NOS’), b)According to the SEER historical staging classification.

2. Statistical analysis
Initially, we stratified the cohort by decade based on the
year of diagnosis. Cox proportional hazards model was
employed to calculate baseline adjusted OS and disease-specific survival (DSS), age, sex, histology, race, tumor extension, and use of radiation were included for adjustment.
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Survival curves were compared using the log-rank test. Hazard ratios in both univariate and multivariate were estimated
for the crude and adjusted 5-year baseline OS rates, respectively.
Secondly, crude CS estimates were calculated using a previously described methodology [10]: CS(y|x), is the probability of surviving an additional y years, given that the
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Fig. 1. Kaplan-Meier analysis of adjusted 5-year baseline overall survival (A) and disease-specific survival (B) by decades
in patients with nasopharyngeal carcinoma.

patient has already survived x years. S(t) defines as the traditional actuarial life-table survival at time t. CS can be
expressed as:
CS(y|x)=S(x+y)/S(x).
For example, to calculate 5-year CS for a patient who has
already survived 3 years, the survival rate at 5+3 years, S(8),
is divided by the survival at 3 years, S(3).
Thirdly, to further evaluate the simultaneous effects of
covariates on CS, covariate-adjusted survival rates were calculated from the proportional hazards model using the correct group prognosis method [18,19]. Covariates adjusted for
in the prediction model were based on clinically relevant factors, including age ( 45 years vs. > 45 years); sex (male vs.
female); race (White vs. Black vs. Chinese vs. other); histology (keratinizing squamous cell carcinoma vs. differentiated
non-keratinizing carcinoma vs. undifferentiated non-keratinizing carcinoma vs. NOS); and SEER historical staging
(localized vs. regional vs. metastasis vs. NOS). To further
improve the reliability of the predictive model, we tested the
additional inclusion of the following variables: year of diagnosis (1973-1979 vs. 1980-1989 vs. 1990-1999 vs. 2000-2007)
and the use of radiation (‘yes’ vs. ‘no’ vs. ‘NOS’). The pro-

portional hazards assumption was verified graphically on
the basis of Schoenfeld residuals [20,21].
The primary endpoint was OS, defined as the time from
the start of treatment to death from any cause. The secondary
endpoint was DSS, defined as the time to death from NPC.
Rates of change for CS were examined using Prism ver. 5.02
(GraphPad Software, La Jolla, CA). Statistical analyses were
performed using SPSS ver. 19.0 software (IBM Corp.,
Armonk, NY) or STATA ver. 12.0 (Stata Corp., College Station, TX). All tests were two-sided with statistical significance
set at p < 0.05.

Results
1. Patient characteristics and outcome improvements over
the decades
A total of 7,713 patients with NPC diagnosed between 1973
and 2007 with at least 5-year follow-up were included in the
final analysis; the baseline characteristics of the patients are
detailed in Table 1. Median follow-up duration for the whole
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Fig. 2. Crude 5-year overall survival (OS) (A) and disease-specific conditional survival (CS) (B) for patients with nasopharyngeal carcinoma. DSS, disease-specific survival.
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Fig. 3. Adjusted 5-year overall survival (A) and disease-specific conditional disease-specific survival (B) for patients with
nasopharyngeal carcinoma stratified by the Surveillance, Epidemiology, and End Results historical staging classification,
and adjusted for age, sex, race, histology, stage, year of diagnosis, and use of radiation. NOS, not otherwise specified.
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cohort was 62 months (range, 2.3 to 475 months). Overall, 5,202
of the 7,713 patients (67.5%) died from any cause and 3,719 of
the 7,713 patients (48.2%) experienced disease-specific death
during follow-up. For the entire cohort, 5-year OS and DSS
were 51.0% and 57.8% respectively.
The adjusted baseline 5-year survival rates for patients with
NPC at diagnosis improved over the decades, as shown in
Fig. 1. Age, sex, histology, race, stage and use of radiation were
included as covariates. Adjusted 5-year OS improved significantly from 36.0% in 1973-1979, 41.7% in 1980-1989, 46.6% in
1990-1999, to 54.7% in 2000-2007 (p < 0.01). Adjusted 5-year
DSS showed a similar trend, improving from 41.8% in 19731979, 46.1% in 1980-1989, 50.8% in 1990-1999, to 57.2% in 20002007 (p < 0.05).
2. Crude CS and covariate-adjusted CS patterns in NPC
Fig. 2 presents the 5-year crude overall CS and disease-specific CS rates for patients with NPC. Although the initial OS
rate was only 50.1%, there was a steady improvement in CS
as time elapsed from diagnosis (p△slope, trend < 0.001), which
plateaued at the ninth conditional year, with an OS rate of
nearly 82% for long-term NPC survivors. Five-year diseasespecific CS exhibited a similar pattern.
The extent of disease at diagnosis is a strong determinant of
prognosis. Fig. 3A demonstrates the adjusted 5-year overall
CS rates for patients with NPC stratified by tumor extension,
age, sex, histology, race, year of diagnosis, and use of radiation. There was a relatively small gain in survival with each
additional year survived for localized NPC, in which the probability of surviving the next 5 years increased from 66.7% at
the time of diagnosis to 83.7% for patients who had survived
5 years. It was worth noting that the adjusted 5-year diseasespecific death for localized NPC, which decreased to 11.3% at
the third conditional year, equalized other cause of death (calculated as OS status minus DSS status, the data was not shown
here) at the time point of third year. A much greater increase
in survival was observed for patients with distant disease, as
the CS rate increased from 35.3% initially to 62.2% by the fifth
conditional year. However, only 522 of the 1,568 patients
(33.3%) with distant disease survived for at least 5 years. The
adjusted 5-year disease-specific CS rate followed the same pattern. Notably, for localized disease, the adjusted 5-year disease-specific CS became equal to other causes of death
(defined as deaths not attributed to NPC) in the third conditional year (Fig. 3B).
To further evaluate the individual contribution of other
patient and tumor characteristics to CS, adjusted 5-year overall
CS was also calculated in subgroup analysis of age, sex, histology, and race, with other clinically relevant variables
included for adjustment. Adjusted 5-year overall CS for the
two age groups was shown in Fig. 4A, after adjustment for

sex, histology, race, tumor extension, year of diagnosis, and
use of radiation. In all age groups, the survival probability
increased with every successive year survived, with younger
patients achieving better survival. However, these age-related
differences generally diminished over time, as the absolute differences in expected adjusted CS decreased from 25.2% at
diagnosis to 13.4% by the fifth year after diagnosis.
Adjusted 5-year overall CS rates for patients with NPC stratified by sex were shown in Fig. 4B, adjusted for age, histology,
race, tumor extension, year of diagnosis, and use of radiation.
Females tended to have a better prognosis than males at diagnosis; however, survival rates generally leveled as patients
survived for longer.
The adjusted 5-year overall CS rates for the major histologic
subtypes were shown in Fig. 4C. Age, sex, race, tumor extension, year of diagnosis, and use of radiation were included for
adjustment. CS increased steadily with years already survived
for all histologic types. Patients with undifferentiated non-keratinizing carcinoma had the best prognosis, which increased
from 59.8% at diagnosis to 78.2% at the fifth conditional year.
However, the influence of histology on CS decreased as
patients survived longer.
Fig. 4D depicts the adjusted 5-year overall CS rates for each
race, adjusted for age, sex, histology, tumor extension, year of
diagnosis, and use of radiation. White patients had the poorest
5-year survival probabilities at diagnosis. By year 5, this gap
reduced from 16.2% to 9.8% when compared with Chinese
patients. Generally, the adjusted 5-year disease-specific CS
rates stratified by age, sex, histology, and race followed a similar pattern to overall CS (Fig. 5A-D).

Discussion
Survival rates for NPC have increased in recent decades
with the introduction of new technologies and treatment
modalities. Traditional estimates of survival outcomes are
mainly based on measurements from the time of diagnosis.
In comparison, CS provides more dynamic and clinically
reliable estimates of survival probability for patients who
have already survived for a period of time. In this study, we
assessed the changes in contemporary survival rates over the
recent decades and determined the unique CS patterns for
NPC using data from a population-based database.
The treatment outcomes of patients with NPC have greatly
improved over recent decades. However, challenges remain
when interpreting these improved outcomes, especially as
early detection due to cancer screening, such as the examination of serum Epstein-Barr virus (EBV) antibodies or even
plasma EBV DNA, have greatly changed the distributions of
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Fig. 4. Adjusted 5-year overall conditional survival for patients with nasopharyngeal carcinoma stratified by age, and
adjusted for sex, histology, race, tumor extension, year of diagnosis, and use of radiation (A); sex, and adjusted for age, histology, race, tumor extension, year of diagnosis, and use of radiation (B); histology, and adjusted for age, sex, race, tumor
extension, year of diagnosis, and use of radiation (C); and race, and adjusted for age, sex, histology, tumor extension, year
of diagnosis, and use of radiation (D). The x-axis represents patients who have already survived 0 to 5 years.
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Fig. 5. Adjusted 5-year disease-specific conditional survival for patients with nasopharyngeal carcinoma stratified by age,
and adjusted for sex, histology, race, tumor extension, year of diagnosis, and use of radiation (A); sex, and adjusted for age,
histology, race, tumor extension, year of diagnosis, and use of radiation (B); histology, and adjusted for age, sex, race, tumor
extension, year of diagnosis, and use of radiation (C); and race, and adjusted for age, sex, histology, tumor extension, year
of diagnosis, and use of radiation (D). The x-axis represents patients who have already survived 0 to 5 years.
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patient and tumor characteristics at diagnosis. Further
research is needed to determine the factors that have contributed to the survival improvements and their relative
importance.
In addition to the dramatic improvements in baseline survival trends, NPC also demonstrates unique patterns of CS.
Stage at diagnosis was the one of the strongest predictors of
survival. Interestingly, the adjusted 5-year overall CS estimates for localized disease improved by a relatively small
degree with every succeeding year survived. The adjusted
5-year disease-specific CS for localized NPC equalized other
causes of death at the third conditional year, indicating that
fewer patients would die of the primary cancer than competing non-cancer causes at this point. In contrast, for patients
with distant disease, adjusted 5-year overall CS continued to
improve dramatically and did not reach a plateau until the
fifth year survived after diagnosis. However, these CS
improvements for distant disease should be interpreted with
caution; any enthusiasm must be tempered by the realization
that only a small proportion of patients with distant disease
(33.3%) survived long enough to observe this increase. Generally, compared to other HNSCCs, in which CS increases
with time and then plateaus at 3-4 years after diagnosis
[12,22], NPC has a unique pattern of CS, which increases over
time and does not plateau until 9 years after diagnosis. In
addition, patients with different stages of NPC also demonstrated special features compared with other tumor types,
such as lung cancer, colon cancer, melanoma, and gastric
cancer [8,10,23,24]. Particularly, among patients with localized stage disease, the survival rate exceeded counterpart
non-cancer mortality at the third conditional year, which was
later compared with colon cancer and melanoma; whereas,
the survival rate was below 80% and kept increasing at the
fifth year for distant stage disease. These differences, alongside the distinct biological behavior, treatment patterns and
mode of failure of NPC, highlight the need to determine CS
profiles for patients with NPC independently of other
HNSCCs.
A number of factors: age, sex, tumor histology and race
were also evaluated after adjustment for covariates; each of
these factors has previously been observed to be a potentially
important determinant of outcome in NPC [25-27]. After
adjustment, all of these factors, were found to be significant
determinants of initial prognosis, except for sex; however,
their influence on survival decreased as the number of years
survived increased. Similar trends have been observed in
melanoma and lung cancer [8,23]. In contrast, the effects of
sex, age and race on CS persist over time in rectal cancer [28].
This study represents the largest population-based study
to explore the changes in contemporary survival over time
and determine CS patterns in NPC. One of the unique features of this analysis was that a Cox proportional hazards
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model using the correct group prognosis method was used
to adjust for the effects of covariates on CS; this analysis has
not previously been performed for other head and neck cancers [12]. Compared to unadjusted analyses, adjustment
allowed for smaller but more reliable improvements in CS
over time, with more accurate modeling of true prognosis.
Secondly, in addition to the overall CS estimates, we also
reported disease-specific CS estimates, which provide useful
information to help estimate the risk of dying from cancer
and are potentially easier for the general population to interpret than OS. This is highly important for patients with NPC,
as their risk of dying from comorbidities may be significant
due to their frequent use of tobacco and alcohol, which are
common risk factors for this tumor type [29,30].
This study provides information that is valuable to both
patients and HCPs, and may also provide a significant contribution to clinical cancer research. Firstly, for patients with
advanced NPC, the understanding that great improvements
in survival occur with each additional year survived may
help reduce anxiety levels and improve quality of life for
patients. Secondly, understanding dynamic survival patterns
may help HCPs to establish cost-effective surveillance strategies, both in terms of duration and intensity of follow-up.
Thirdly, observation of CS may provide useful information
on valid endpoints for clinical trials. The time-point at which
survival expectancy exceeds counterpart non-cancer mortality could be considered the time necessary to achieve cure,
and has been advocated as a potential endpoint for clinical
trials [31]. CS plateaus earlier for patients with localized NPC
than those with regional and distant disease. Therefore,
3 years’ follow-up may be appropriate for trials including
patients with localized disease, which could help to accelerate the development of therapeutic regimens for early-stage
NPC. However, the 5-year survival estimate for distant disease in the fifth year was below 80% and still increasing, suggesting the standard 5-year follow-up period may be
insufficient for this group of patients.
Several limitations need to be addressed. Firstly, the SEER
provides limited information on chemotherapeutic regimens
and radiation therapy techniques. As treatments have
evolved over time, especially the recommendations for
chemotherapy and the implementation of IMRT [32], the CS
calculations may to some extent be overweighed in patients
with long-term follow-up, and the effects of novel treatments
may be underestimated. In addition, the SEER database does
not provide information on tobacco exposure, EBV DNA status, concurrent comorbidities, and socioeconomic status,
which can have prognostic value for survival. Secondly, staging information for NPC in this database is based on the
SEER historical staging classification. As the seventh edition
of the AJCC cancer staging system is now the standard classification [33], application of the SEER staging system is
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likely to lead to overestimate/underestimation of CS. Nevertheless, calculation of CS requires long-term follow-up and
large-scale analyses, and the SEER dataset offers a unique
opportunity to evaluate population-based long-term survival
trends and CS patterns in NPC. To ensure high-quality
analysis, we set strict inclusion criteria and excluded patients
with multiple primary tumors to distinguish cause-specific
mortality due to primary NPC.
In conclusion, this study sheds further light on how survival in NPC has changed over recent decades in the U.S.
population, and identifies covariate-adjusted CS patterns
among patients with long-term survival. This data may help
HCPs to provide more individualized and cost-effective surveillance strategies. In addition, as the improvements in CS
are stage-dependent, patients with an initially poor prognosis should feel more relieved with each additional year they

survive. Furthermore, observation of CS patterns may provide insightful information on valid endpoints for clinical trials.
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Clinical Outcomes of Proton Beam Therapy for Choroidal Melanoma
at a Single Institute in Korea

Purpose
This study retrospectively evaluated the clinical outcomes and complications of proton beam
therapy (PBT) in a single institution in Korea and quantitatively analyzed the change in tumor
volume after PBT using magnetic resonance imaging (MRI).
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Materials and Methods
Twenty-four treatment-naïve patients who underwent PBT for choroidal melanoma between
2009 and 2015 were reviewed. Dose fractionation was 60-70 cobalt gray equivalents over
5 fractions. Orbital MRIs were taken at baseline and 3, 6, and 12 months after PBT and
annually thereafter. The tumor volume was reconstructed and evaluated by stacking the
tumor boundary in each thin-sliced axial T1-weighted image using MIM software.
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Results
The median follow-up duration was 36.5 months (range, 9 to 82 months). One patient had
suspicious local progression and two patients had distant metastasis. The 3-year local progression-free survival, distant metastasis-free survival, and overall survival rates were
95.8%, 95.8%, and 100%, respectively. Five Common Terminology Criteria for Adverse Event
ver. 4.03 grade 3-4 toxicities were observed in four patients (16.7%), including one with
neovascular glaucoma. The mean tumor volume at the baseline MRI was 0.565±0.084 mL
(range, 0.074 to 1.610 mL), and the ratios of the mean volume at 3, 6, and 12 months to
that at baseline were 81.8%, 67.3%, and 60.4%, respectively.
Conclusion
The local control rate and complication profile after PBT in patients with choroidal melanoma
in Korea were comparable with those reported in a previous PBT series. The change in
tumor volume after PBT exhibited a gradual regression pattern on MRI.
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Introduction
Choroidal melanoma is the most common primary intraocular malignancy, with an incidence of 1.3-8.6 cases per one
million individuals in Western countries [1,2]. Since eyeballconserving treatments such as proton beam therapy (PBT) or
plaque therapy were revealed to be effective for the treatment of choroidal melanoma in the Collaborative Ocular
Melanoma Study (COMS), enucleation is no longer a firstline standard treatment [3-7].
The annual incidence rate of choroidal melanoma in Asia
was 0.25 cases per one million individuals, which was lower
than that in Western countries, and thus the research on this
neoplasm is limited [8,9]. The prognosis of choroidal
melanoma is poorer in Asian populations, with epithelioid
cell-type melanomas more common than in Caucasian populations [9,10]. However, two studies reported that the outcome of choroidal melanoma patients treated with plaque
therapy was comparable to the outcome of those in a previous plaque therapy-treated Western series [11,12]. In addition, in a Japanese phase I/II trial of carbon ion radiotherapy
(RT) for choroidal melanoma, an excellent local control rate
comparable to that of PBT was reported [13], and the
updated long-term results were released recently [14].
Unlike other malignancies, there is skepticism regarding
the use of biopsy at diagnosis or upon suspicion of local progression. In addition, delayed regression or pseudo-progression after eyeball-conserving treatment renders the decisionmaking associated with local tumor progression more difficult; inappropriate enucleation occurs in up to 40% of
patients [15]. Although several investigators recently evaluated the kinetics of choroidal melanoma after eyeball-sparing
treatment [15,16], quantitative details regarding the change
in tumor volume after eyeball-conserving treatment for
choroidal melanoma are still limited.
In this retrospective study, we evaluated the clinical outcomes and toxicities of PBT at a single institution in Korea.
We also quantitatively analyzed the change in tumor volume
after PBT using orbital magnetic resonance image (MRI).

Materials and Methods
1. Patients
A total of 24 treatment-naïve patients were treated with
PBT for choroidal melanoma between 2009 and 2015. As one
of the eye conserving treatment modalities, PBT is not recommended to patients who are likely to undergo enucleation
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after treatment due to complication, especially neoavascular
glaucoma (NVG) [17]. Thus, the selection criteria for PBT for
choroidal melanoma were as follows: no distant metastasis,
tumor diameter  24 mm, tumor height  14 mm, tumor volume < 30% of the ocular volume, and no full retinal detachment. These criteria are designed to minimize side effects
and to achieve therapeutic effects. Similar criteria have been
used in previous studies [7,13,18,19]. Ophthalmologic and
systemic work-ups were performed to diagnose choroidal
melanoma. The ophthalmologic work-up consisted of a slitlamp examination, indirect fundoscopy, ultrasonography
(USG), fluorescein angiography, and orbit MRI followed by
a systemic work-up of the liver using computed tomography
(CT) or 18-fluorodeoxyglucose positron emission tomography.
2. PBT planning
After a pretreatment work-up, patients were transferred
to a retina specialist for surgery to demarcate the tumor
boundary using four tantalum markers. Orthogonal pairs of
orbital X-ray radiographs were captured with the patient in
the sitting position on a dedicated chair using a bite-block
and facial mask while maintaining a straight gaze during
simulation. The tantalum clips in the X-ray images were
localized and analyzed in VIVA systems (Varian Medical
Systems, Palo Alto, CA). Then, eyeball biometry data were
acquired from the ophthalmologist, and the localized coordinates were used to create an eyeball model for the patient
using the ocular treatment planning system Varian EYEPLAN V1.0 (Varian Medical Systems). Thin-slice (0.625 mm)
planning CT images were also taken with the patient in the
supine position gazing straight forward. The external contour of the bilateral eyeballs, tantalum clips, gross tumor volume, and intraocular structures including the lenses and
optic nerves were contoured on the planning CT to create
three-dimensional reconstructed images for each patient. The
target volume delineation was modeled using the analytic
function in EYEPLAN to ensure that it closely matched the
panoramic details in fundoscopic images, pretreatment MRI,
and reconstructed thin-slice CT images. Static tantalum clip
positions were reconstructed on the eye globe as close to the
simulation positions as possible. In the planning stage, a gaze
direction was selected along the optimal treatment setup to
deliver the proton beam and minimize the dose to the optic
disc, macula, anterior structures (lens, cornea, and anterior
chamber), lacrimal gland, and lids. In the verification stage,
the clip positions of the treatment gaze angle were matched
with those acquired from the EYEPLAN system. A brass
aperture was then manufactured with a 3-mm margin
around the tumor. The dose prescription was 60-70 cobalt
gray equivalents (CGE) in five fractions. Six early patients
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Fig. 1. A case of proton beam therapy (PBT) planning in eyeball model of a patient with choroidal melanoma. (A) Fundoscopic finding suggested the tumor located near 2 disc diameter from macula. (B) Beams-eyed view. (C) Dose distribution
of PBT in fundus view. (D) Dose volume histogram.

were treated with 60 CGE in five fractions, and 70 CGE in
five fractions scheme was adopted for subsequent patients.
A case of PBT planning in eyeball model of a patient with
choroidal melanoma is shown in Fig. 1.
3. PBT delivery
At our institution, eye treatment is performed in a fixed
beam room using an energy of 230 MeV (Proteus-235, IBA,
Louvain-la-Neuve, Belgium). The simulation setup is reproduced using orthogonal X-ray systems with clip positions
with < 0.3 mm deviations. The treatment beam was irradiated in single-scattering mode with the eye treatment beam
current modulation (BCM) option. In the BCM option, the
lateral penumbra was 2 mm and the distal penumbra was
5 mm. The maximum beam range and field radius were

3.5 cm and 3 cm, respectively. The deviation of the beam
range and width were within 0.1 mm on the multi-layer ion
chamber during the quality assurance procedure.
Our in-house automatic beam gating system utilizes a
method of image pattern matching. An initial gaze setup
image was taken using the in-room CCD camera. Eye movement was monitored and analyzed in real-time during beam
irradiation. If the patient’s eye movement exceeded the tolerance (initially set at 1.0 mm), the proton beam delivery was
stopped within 10 milliseconds. This system utilizes the same
gating signals and beam control circuits with the Real-time
Position Management system (Varian Medical Systems). In
previous study [20], the detection accuracy of this system was
0.1 mm, and the mean eye movement was 0.44-0.86 mm for
three patients. More detailed descriptions of the beam gating
system can be found in the study mentioned above [20].
VOLUME 50 NUMBER 2 APRIL 2018
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Table 1. Patients’ characteristics
Characteristic

Table 1. Continued
No. of patients (%)

Age (yr)
Median
62 (
Mean (range)
62.58 (44-85)
Sex
Male
14 (58.3)
Female
10 (41.7)
Initial symptom
Visual acuity decreasing
9 (37.5)
Ocular discomfort
4 (16.7)
Vitreous floaters
5 (20.8)
Visual field defect
3 (12.5)
Incidental finding on regular check-ups
2 (8.3)
Both decreased of visual acuity and
1 (4.2)
visual field defect
ECOG
0
22 (91.7)
1
2 (8.3)
Nevus
Negative
24 (100)
Positive
0(
Involved eye
Right eye
7 (29.2)
Left eye
17 (70.8)
Location
Pre-equatorial
5 (20.8)
Equatorial
7 (29.2)
Retro-equatorial
12 (50.0)
Growth pattern
Dome
15 (62.5)
Mushroom
7 (29.2)
Diffuse
2 (8.3)
Basal tumor diameter, median (range, mm)
11 (4.4-16)
Tumor thickness, median (range, mm)
8 (2-13)
Ciliary body involvement
Negative
22 (91.7)
Positive
2 ( 8.3)
Extraocular spread
Negative
24 (100)
Positive
0(
Optic disc involvement
Negative
24 (100)
Positive
0(
Distance from posterior tumor border
to fovea (ODD)
2
7 (29.2)
>2
17 (70.8)
Distance from posterior tumor border
to optic disc (ODD)
2
2 (8.3)
>2
22 (91.7)

(Continued)
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Characteristic
Initial retinal detachment
Negative
Positive
Intraocular hemorrhage
Negative
Positive
AJCC staginga)
I
II
III
IV
Tumor size categoryb)
Small
Medium
Large
Extra large

No. of patients (%)
16 (66.7)
8 (33.3)
16 (66.7)
8 (33.3)
6 (25.0)
16 (66.7)
2 ( 8.3)
0(
3 (12.5)
5 (20.8)
15 (62.5)
1 (4.2)

ECOG, Eastern Cooperative Oncology Group; ODD, optic
disc diameter. a)The American Joint Committee on Cancer
(AJCC) classification seventh edition, b)By Egger et al. [7];
small: diameter  10 mm and thickness  3 mm, medium:
10 mm < diameter  15 mm and/or 3 mm < thickness  5
mm, large: 15 mm < diameter  20 mm and/or 5 mm
< thickness  10 mm, extra large: diameter > 20 mm and/or
thickness > 10 mm.

4. Follow-up evaluation
Patients were routinely followed up after 1 month for acute
reactions and every 3 months thereafter after PBT. Ophthalmologic examinations were performed at every visit. Followup orbital MRIs were performed at 3, 6, and 12 months after
PBT and annually thereafter for most patients. Complications
were graded according to the Common Terminology Criteria
for Adverse Events ver. 4.03. Survival curves were generated
using the Kaplan-Meier method. The endpoints were local
progression-free survival, distant metastasis-free survival,
and overall survival. Local progression and distant metastasis were defined as an increase in tumor height of 15% on follow-up USG, according to the definition of recurrence
determined by the COMS [21], and confirmed extraocular
disease on MRI or another systemic imaging procedure at
follow up, respectively.
5. Volumetric evaluation
In this study, volumetric evaluations were performed
using MIM software (MIM software Inc., Cleveland, OH).

Tae Wan Kim, Proton Beam Therapy for Choroidal Melanoma

Probability (%)

100

T2-weighted and contrast-enhanced T1-weighted images
were imported into the MIM software. Then, a radiation
oncologist contoured the tumor boundary on each thin-slice
axial contrast-enhanced T1-weighted image for each patient.
Another radiation oncologist reviewed and confirmed the
tumor contouring and shape. Retinal detachment was
excluded from the tumor volume. Volumetric changes in the
tumor were observed by MRI at 3, 6, and 12 months and at
the last follow-up. In addition, two groups of patients categorized by tumor volume (small and medium vs. large and
extra large), as described by Egger et al. [7] (Table 1), were
analyzed to determine the difference in regression according
to tumor volume. Mann-Whitney tests were used for subgroup analyses.

Results

Fig. 2. Survival curves. LPFS, local progression-free survival; DMFS, distant metastasis-free survival; OS, overall
survival.

The patients’ characteristics are summarized in Table 1. The
median patient age was 62 years (range, 44 to 85 years). There
were similar numbers of male and female patients. The most
common chief complaint was a decrease in visual acuity (VA;
nine patients, 37.5%), followed by a floater (five patients,
20.8%) and ocular discomfort (four patients, 16.7%). The
median basal tumor diameter and thickness were 11 mm
(range, 4.4 to 16 mm) and 8 mm (range, 2 to 13 mm), respectively. The ciliary body was involved in two patients (8.3%).
Extraocular spreads or optic disc involvements were not
found in any of the baseline work-ups. An optic disc distance
(ODD) of < 2 from the tumor to the foveal center was seen in
seven patients (29.2%). An ODD of < 2 from the tumor to the
optic disc was seen in two patients (8.3%). Localized retinal
detachment was observed in eight patients (33.3%). Vitreous
hemorrhages were detected in eight patients (33.3%). There
were no lymph node metastases or distant metastases.
The median follow-up duration after PBT was 36.5 months
(range, 9 to 82 months). Eight patients exhibited localized retinal detachment, of whom seven showed complete resolution
and one showed partial resolution. Three patients exhibited
disease progression, one of whom had local progression and
two of whom developed distant metastases. In the patient
with local progression, findings of consecutive submillimeter
increases on serial USG, CT, and MRI with floating cells on
serial fundoscopy led to suspicions of local progression. The
patient was observed closely because of an inconsistency with
the COMS definition of local progression. Then, local excision
and plaque brachytherapy (54.5 Gy) were performed as salvage treatments at another hospital 18 months after PBT. In
the patient’s pathologic report of the surgical specimen,
mitotic cells were found in less than 1/40 of the high-power

3-Year LPFS, 95.8%
3-Year DMFS, 95.8%
3-Year OS, 100%

80
60
40
20
0

LPFS
DMFS
OS

0

1

2
3
Follow-up (yr)

4

5

field. Currently, after 60 months of follow-up, there is still no
evidence of disease. There were two patients with distant
metastasis. In a patient, a single liver metastasis was found
during systemic work-up followed after detection of mass-like
lesion adjacent to extraocular muscle in orbital magnetic resonanc images at 47 months after diagnosis. It was recommended that the patient undergo a tumor-directed biopsy of
the orbital apex lesion, but she refused because of fear of vision
loss. The patient did not want to continue further treatment
because of the low life expectancy associated with liver metastasis. The patient has survived 18 months since her diagnosis
of distant metastasis. In another patient with distant metastasis, a single liver metastatic lesion was detected by CT performed at 11 months after diagnosis.
Chemotherapy was recommended. There was no follow up
after the diagnosis of distant metastasis. The 3-year local progression free survival, distant metastasis-free survival, and
overall survival rates were 95.8%, 95.8%, and 100%, respectively (Fig. 2).
The treatment-related toxicities are listed in Table 2. Most
of toxicities were mild-to-moderate, but five severe toxicities
were noted in four patients. Of these patients, one was enucleated due to late grade 4 NVG. Another patient with acute
grade 4 vitreous hemorrhage underwent vitrectomy. The third
patient with late grade 3 posterior synechia had increasing
intraocular pressure and was treated using laser iridotomy.
The fourth patient with grade 3 NVG underwent an intravitreal bevacizumab injection. There was no evidence of recurrence in these patients with severe toxicities. The eyes were all
VOLUME 50 NUMBER 2 APRIL 2018
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Table 2. Acute and late toxicities by Common Terminology Criteria for Adverse Event ver. 4.03
Acute toxicity
Erythroderma
Blurred vision
Retinal detachment
Vitreous hemorrhage
Cataract
Glaucoma
Retinopathy
Eye disoders–other, specifya)

Late toxicity

Grade < 3

Grade  3

Grade < 3

Grade  3

7 (29.2)
2 (8.4)
1 (4.2)

1 (4.2)
1 (4.2)
-

2 (8.3)
1 (4.2)
5 (20.8)
1 (4.2)
1 (4.2)

2 (8.4)
1 (4.2)

Values are presented as number (%). a)Posterior synechia.

Table 3. Summary of dose volume histogram parameters of patients with acute or late grade  3 toxicity
Patient

GTV (mL) V30_retina (%) V30_cba) (%)

1
2
3
4
With grade
 3 toxicity (mean)
Without grade
 3 toxicity (mean)
p-valued)

V30_macb) (%) V30_ODc) (%)

1.95
0.74
1.41
1.20
1.32

50.80
33.40
53.20
49.00
46.60

45.00
39.00
47.10
38.80
42.48

0.00
0.00
54.70
100.00
38.68

30.00
0.00
71.26
57.20
39.62

0.90

38.28

31.65

49.45

55.72

0.203

0.167

0.006

0.703

Toxicity
Cataract G4, NVG G4
Vitreous hemorrhage G4
Posterior synechia G3
Posterior synechia G3

0.434

GTV, gross tumor volume; NVG, neovascular glaucoma. a)Volume of ciliary body receiving 30 cobalt gray equivalent (CGE),
b)
Volume of mac receiving 30 CGE, c)Volume of optic disc receiving 30 CGE, d)By independent t test.

Table 4. Changes of visual acuity after proton beam therapy
Visual acuity

Baseline

3 Months

6 Months

Final

20/40-20/20
20/100-20/40
20/200-20/100
 20/200

10 (41.7)
5 (20.8)
4 (16.7)
5 (20.8)

5 (20.8)
6 (25.0)
1 (4.2)
12 (50.0)

4 (16.7)
5 (20.8)
2 (8.4)
13 (54.1)

4 (16.7)
4 (16.7)
0(
16 (66.6)

Values are presented as number (%).

preserved, except in one patient who developed NVG and was
treated with enucleation. Therefore, the 3-year enucleationfree rate was 95.8%. Dose volume histogram parameters of
patients with acute or late grade  3 toxicity were summarized
in Table 3.
The percentage of patients with > 20/40 Snellen VA was
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41.7% at baseline, which decreased to 16.7% at the final follow-up. A total of 58.3% and 45.8% of patients lost at least
three or at least five lines of Snellen VA, respectively. The
aspect of visual change is shown in Table 4. Six patients maintained their VA. Five patients had a small-sized tumor without
involvement of the optic disc. One patient with a large tumor
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A
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Volume (%)
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Total volume regression
Large tumor regression
Small tumor regression
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1.0
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0.6

80
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40

0.4
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Follow-up (yr)

4

5

0

0

1

2
3
Follow-up (yr)

4

5

Fig. 3. The volumetric change in the choroidal melanoma of each patient. Solid lines show the volumetric changes in recurrent
tumors. (A) Absolute changes in tumor volume. Thick solid lines show the changes in the mean volume 12 months after
proton beam therapy. (B) The relative changes in tumor volume. The thick solid line shows the regression of the relative
volume. The thick and short-dashed lines represent the regression lines of patients with large tumors. The thick and longdashed lines represent the regression lines of patients with small tumors.

maintained VA because of the large distance between the
tumor and the optic disc.
Apart from one patient treated with enucleation due to
NVG, volumetric analysis was performed in the remaining 23
patients. All patients started PBT within 2 months of the initial
MRI. The mean volume on the initial MRI was 0.565±0.084 mL
(range, 0.074 to 1.610 mL). The ratios of the mean volume at 3,
6, or 12 months to that at baseline were 81.8%, 67.3%, and
60.4%, respectively. The ratio of the mean volume reduction
on the last follow-up MRI to that on the baseline MRI was
47.6%. The tumor volume exhibited a gradual regression pattern in all patients, except one who experienced local progression after PBT. The volumetric changes in each patient are
depicted in Fig. 3. Regression lines of the large and small
tumors are also shown, but there was no statistically significant difference in volumetric regression (p > 0.99). When comparing the groups of more than 50% mean volume reduction
vs. not, no statistical difference was found in terms of 3-year
local control rate (100% vs. 88.9%, p=0.269) and 3-year distant
metastasis free survival rate (100% vs. 88.9%, p=0.130).

Discussion
The objectives of this study were to evaluate the survival,
visual outcomes, and complications of patients undergoing
PBT in a single institution and quantitatively analyze the
changes in tumor volume using MRI volumetry. As described above, enucleation is no longer considered the initial
treatment for choroidal melanoma, except when the tumor
extends widely into the nearby sclera or extensively involves
the ocular volume. Plaque therapy using cobalt-60, ruthenium-106, and iodine-125 has been commonly used worldwide as an eyeball-sparing treatment for choroidal melanoma, and the local control rates were slightly higher compared with those of particle beam treatment [22-24]. Eye
treatment using dedicated beam line PBT has advantages
over stereotactic radiosurgery because of sharp lateral and
distal penumbra; however, there are problems regarding
access to PBT facilities. While our PBT center, as the first in
Korea, has treated patients since March 2007, PBT was first
used as a dedicated eye treatment in 2009. Although little
research has investigated choroidal melanoma in Asia, a retrospective study evaluated ruthenium-106 (106Ru) plaque
brachytherapy in Korea, and the serial short- and long-term
updated results of a phase I/II Japanese dose-escalation
study of carbon ion RT for choroidal melanoma were
VOLUME 50 NUMBER 2 APRIL 2018
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reported recently [13,14]. The outcome results of 106Ru plaque
brachytherapy were similar to those in Caucasian patients;
however, the 5-year local recurrence rate and the incidence
of enucleation were relatively high (16.9% and 25.4%, respectively). The authors suggested that this might be because the
radiation dose was insufficient to cover large tumors [11]. In
contrast, the 5-year local control and eye retention rates were
92.8% and 92.8%, respectively, in a phase I/II carbon ion RT
study that achieved historical results comparable to those of
PBT, although patients with relatively large tumors or
tumors in an unfavorable location close to the optic disc were
included [14].
Controlling eye movement effectively is one of the most
important steps in the delivery of PBT, because patients tend
to struggle concentrating their eyes on the fixation light point
during the period of beam delivery. Even if the tumor location shifts by a few millimeters, the dose delivered can vary
by tens of percentages. Thus, a precise and reliable technique
for eye-tracking and an automatic beam gating system would
be beneficial. In the current study, an in-house motion-based
gated PBT system was used in all patients. A variety of tests
for accuracy and safety of eye tracking and gating were done
before application to treatment and patient data for eye
movement during treatment were acquired for the early 3
patients with PBT [20]. For the first six patients treated in the
current study, the dose fractionation was set at 6,000 CGE in
five fractions as a learning curve to ensure that the treatment
was safe. Thereafter, the fractional radiation dose was safely
escalated from 1,200 to 1,400 CGE. The only case of local progression was observed in a patient who received the 1,200
CGE of fractional dose; therefore, it would be difficult to
compare the difference in outcomes between 1,200 CGE and
1,400 CGE groups because of the small number of patients
treated. Furthermore, no differences in tumor regrowth or
metastasis between 1,000 and 1,400 CGE have been reported
[5,6,18,25]. Although only a small number of patients were
included, the current data revealed that PBT achieved an
excellent local control rate and eyeball-sparing capability in
an Asian population with choroidal melanoma. The results
were comparable to those of a larger series of Western PBT
patients [5-7,26-29] and carbon ion RT studies [29].
We used Common Terminology Criteria for Adverse
Event (CTCAE) ver. 4.03 to evaluate the toxicity after treatment in our study, but the interpretation of 3-4 grade toxicity
in choroidal melanoma would be different from in other
solid organ malignancies, given that the most severe treatment-related toxicity is regarded as enucleation, not death.
Because it is difficult to evaluate the toxicity after RT, with
various tumor-related and treatment parameters to be considered together, there is no established scoring system in
choroidal melanoma yet [30]. As suggested in many other
studies, NVG is one of the most troublesome complications
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associated with the treatment of choroidal melanoma and the
most common cause of enucleation [5,6,21,26,27,31]. Some
investigators suggested the presence of rubeosis iridis as a
marker of severe ocular damage, which can result in subsequent enucleation [32]. Increased intraocular pressure developed in seven patients (29.2%) in the current study, but only
two (8.4%) experienced severe NVG, superior to other PBT
reports [5,6,18,19]. All of five acute or late grade  3 toxicities
developed in four patients with rather huge-sized choroidal
melanoma with 1.3 mL of average gross tumor volume (vs.
0.9 mL in others). One patient underwent enucleation, but
the other patients are stable and managing their own lives
relatively well after minor interventional procedures. Of
note, the incidence of rubeosis iridis and NVG is 29.2% in our
study was comparable to other studies of PBT with 25%-45%
[5,6,18,19,32]. Other complication profiles were also comparable, but long-term follow up is needed. Although the precise relationship between irradiation to anterior chamber and
the development of NVG is not clear, the amount of lens or
anterior chamber volume, or ciliary body volume in eye
model is considered the important parameter in PBT planning [27]. Lens volume or ciliary body receiving at least 30
CGE was suggested as an independent prognostic factor for
enucleation in a retrospective study, but there is also no consensus guideline about this.
The strongest predictor of visual prognosis is known to be
the location of tumor relative to fovea and optic disc [33-35].
Although the anterior chamber dose and optic disc or fovea
dose can directly affect the risk of NVG and the vision loss
in such a large dose per fraction in RT for choroidal melanoma, which is a basic priniciple of radiation oncology, there
is no dose constraint guideline for anterior chamber, optic
disc and fovea in the PBT planning. Avoiding the risk of
NVG with decreasing the dose to anterior chamber sometimes significantly increases optic disc or fovea dose. In various studies assessing visual outcomes after treatment
[6,26,36], the visual loss of more than three and five lines of
Snellen VA occurred in ~45% and ~25% of patients, respectively. The visual outcomes in the current study seem slightly
worse than those in previous studies. However, it should be
considered that the most important predictor of visual outcome after RT would be more closely related with the location of the tumor relative to the optic disc and fovea rather
than treatment factors. Also, the relative priority of preserving the eyeball should be considered during the planning
stage of PBT, particularly in cases of conflict when weighing
the risks between NVG and VA reduction, i.e., the anterior
chamber versus the optic disc or fovea. Therefore, a meaningful analysis of the visual outcome after PBT might also be
difficult in the present study.
The volumetric evaluation of choroidal melanoma was
also an issue evaluated in the current study. A gradual pat-

Tae Wan Kim, Proton Beam Therapy for Choroidal Melanoma

tern of short-term tumor regression was also found, similar
to the findings of Russo et al. [16]. However, there was no
significant difference in volume regression according to
tumor size. There also was no significant difference between
the groups of more than 50% versus not in terms of clinical
outcome of local control rate and distant metastasis free survival in our study. Considering that the events of any disease
progression were relatively rare in our study and especially,
distant metastasis in choroidal melanoma might be quite a
late process of more that 15-20 years [37], a study of longer
term follow-up with a large number of patients could answer
the question of the association between the degree of regression after proton therapy and the survival outcome. The current COMS definition of tumor recurrence is based on the
two-dimensional length of the tumor determined by USG
[15], and the use of orbit MRI is also expected to be helpful
during the short-term follow-up period.
There were some limitations to the current study. First, it
was a retrospective study involving a small number of
patients, and the relatively short follow-up period was not

sufficient for the natural course of choroidal melanoma after
treatment. Nevertheless, the results are meaningful, because
they provide rare evidence of PBT for choroidal melanoma
in Asia and reveal similar outcomes to those performed in
Western countries.
In conclusion, PBT achieved a local control rate in Korean
patients with choroidal melanoma that was comparable with
those in previously reported PBT series. PBT also had an
acceptable toxicity, comparable with those in Western countries.
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Purpose
The purpose of this study was to estimate the clinical utilization of radiation therapy (RT) in
Korea between 2011 and 2015.
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Materials and Methods
We analyzed the claims data from the Health Insurance Review and Assessment Service to
estimate the clinical utilization of RT. The source population consisted of all patients who
had any of the International Classification of Diseases 10th revision cancer diagnoses (C00C97) and those with diagnostic codes D00-D48, who were also associated with at least one
of the procedure codes related to RT.
Results
The total number of patients who received RT in 2011, 2012, 2013, 2014, and 2015 were
54,810, 59,435, 61,839, 64,062, and 66,183, respectively. Among them, the total numbers of male and female patients were 24,946/29,864 in 2011, 27,211/32,224 in 2012,
28,111/33,728 in 2013, 29,312/34,750 in 2014, and 30,266/35,917 in 2015. The utilization rate of RT in cancer patients has also increased steadily over the same period from
25% to 30%. The five cancers that were most frequently treated with RT between 2011 and
2012 were breast, lung, colorectal, liver, and uterine cervical cancers. However, the fifth
most common cancer treated with RT that replaced uterine cervical cancer in 2013 was
prostate cancer. More than half of cancer patients (64%) were treated with RT in the capital
area (Seoul, Gyeonggi, and Incheon).
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Conclusion
The total number of patients who underwent RT increased steadily from 2011 to 2015 in
Korea. The utilization rate of RT in cancer patients is also increasing.

Introduction
Because of the decreases in the incidence of thyroid cancer,
the annual cancer incidence has decreased in Korea after 2011
following a steady increase [1]. However, cancer is still a
major public health problem in Korea. Radiation therapy
(RT) is an eective and widespread method for treating cancer in conjunction with surgery and chemotherapy. RT is
required in at least 45%-55% of newly diagnosed cancer cases
│ http://www.e-crt.org │
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[2]. A steady rise in the number of patients with cancer has
increased the demand for RT in Korea. As we have reported
previously [3,4], the number of patients with cancer needing
RT has steadily increased over the 5 years between 2009 and
2013.
In the present study, we analyzed the claims data from the
Health Insurance Review and Assessment Service (HIRA) to
estimate the clinical utilization of RT in the 2011-2015 period.
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Fig. 3. Cancer incidence and the total number of patients
who received radiation therapy between 2009 and 2013 in
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Fig. 2. The total numbers of male and female patients who
received radiation therapy between 2011 and 2015 in
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No. of patients

Diagnostic code
Type of insurance

1 Jan 2011-31 Dec 2015
Tertiary, secondary, primary,
sanatorium
C00-C97, D00-D48
Health insurance, medical aid,
patriots and veterans affairs’
insurance expenditure
by government
National
Male, female
All ages

66,183

54,810

Criteria

Treatment period
Type of healthcare facility

64,062

20,000

Table 1. Customized source population

No. of patients

61,839

30,000

10,000

List

Female (C or D code)

50,000
No. of patients

We analyzed open claims data from the HIRA. The analysis methods using claims data from the HIRA are described
in detail in a previous study [4]. The customized source population criteria for this study are shown in Table 1. In our
previous study [3], type of healthcare facility included tertiary and secondary hospitals. However, in this study, primary
and sanatorium hospitals were also included. In addition,
information about patriots and veterans affairs’ insurance
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Fig. 1. The total number of patients who underwent radiation therapy between 2011 and 2015 in Korea.
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Table 2. Distribution of cancer patients who underwent radiation therapy based on primary diagnosis between 2011 and
2015 in Korea
Category

Primary diagnosis (diagnostic code)

Breast
Gastrointestinal

(C50)
Colorectum (C18-C20)
Liver (C22)
Esophagus (C15)
Stomach (C16)
Pancreas (C25)
Gallbladder and biliary (C23-C24)
Anus (C21)
Small bowel (C17)
Other (C26)
Subtotal
Lung (C34)
Thymus (C37)
Mediastinum (C38)
Trachea (C33)
Other (C39)
Subtotal
Larynx (C32)
Oropharynx (C01, C09-C10)
Oral cavity (C02-C06)
Nasopharynx (C11)
Salivary gland (C07-C08)
Hypopharynx (C12-C13)
Paranasal sinus (C31)
Nasal cavity (C30)
Eye and orbit (C69)
Lip (C00)
Other (C14)
Subtotal
Uterine cervix (C53)
Uterine corpus (C54-C55)
Ovary and tube (C56)
Vagina and vulva (C51-C52)
Other (C57-C58)
Subtotal
Prostate (C61)
Ureter and bladder (C66-C67)
Kidney (C64-C65)
Penis and testis (C60, C62-C63)
Other (C68)
Subtotal
Brain (C70-C71)
Spinal cord (C72)
Other (C47)
Subtotal
Non-Hodgkin's lymphoma (C82-C88)
Hodgkin's disease (C81)
Other (C96)
Subtotal

Thoracic

Head and neck

Gynecologic

Genitourinary

CNS

Lymphoma

Yeara)
2011

2012

2013

2014

2015

13,765
5,054
3,027
1,250
1,070
782
778
193
42
4
12,200
8,991
258
41
16
4
9,310
773
509
500
414
298
354
149
93
44
11
19
3,164
2,453
635
217
111
15
3,431
1,952
498
443
65
11
2,969
1,388
60
45
1,493
1,169
98
22
1,289

15,059
5,048
3,446
1,335
1,048
942
856
213
39
5
12,932
9,425
238
44
18
3
9,728
884
615
601
489
346
394
166
129
54
8
20
3,706
2,481
724
204
111
14
3,534
2,451
484
422
57
14
3,428
1,513
61
36
1,610
1,322
108
23
1,453

15,766
4,920
3,641
1,380
1,026
906
879
211
43
3
13,009
10,187
249
48
16
2
10,502
964
595
588
488
347
352
145
110
51
13
14
3,667
2,540
741
247
100
12
3,640
2,577
531
445
66
12
3,631
1,567
52
52
1,671
1,321
91
21
1,433

16,549
4,901
3,679
1,397
992
948
954
203
35
3
13,112
10,846
307
47
22
1
11,223
912
621
605
488
398
437
179
128
41
9
16
3,834
2,425
810
248
90
9
3,582
2,634
608
454
57
18
3,771
1,623
48
32
1,703
1,389
93
30
1,512

17,302
4,898
4,112
1,472
1,013
998
985
199
32
3
13,712
10,863
323
54
25
1
11,266
903
619
632
516
374
395
166
142
58
18
17
3,840
2,466
813
258
122
11
3,670
2,778
602
525
62
19
3,986
1,605
47
46
1,698
1,493
100
33
1,626

(Continued to the next page)
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Table 2. Continued
Category

Primary diagnosis (diagnostic code)

Soft tissue
Mesothelioma
Myeloma and plasmacytoma
Thyroid
Leukemia
Skin
Malignant melanoma
Primary bone and cartilage
Endocrine
Unknown primary
Total No. of cancer patients
Carcinoma in situ of the breast
Benign neoplasm of meninges
Benign neoplasm of CNS
Benign neoplasm of endocrine
Other D code diseases
Total D code patients
Total

(C46, C49)
(C45)
(C90)
(C73)
(C91-C95)
(C44)
(C43)
(C40-C41)
(C74-C75)
(C48, C76-C80, C97)
(D05)
(D32)
(D33)
(D34-D35)
(D00-D04, D06-D31, D36-D48)
-

Yeara)
2011

2012

2013

2014

2015

545
14
316
354
359
244
215
213
56
878
50,815
1,388
1,022
726
229
630
3,995
54,810

581
19
414
381
353
287
209
219
72
1,070
55,055
1,653
960
750
283
734
4,380
59,435

631
18
442
357
351
264
225
170
93
1,239
57,109
1,918
1,041
744
304
723
4,730
61,839

648
19
450
360
411
284
244
206
101
1,287
59,296
1,912
1,112
694
319
729
4,766
64,062

715
29
459
309
396
279
241
223
104
1,420
61,275
2,062
1,032
713
308
793
4,908
66,183

CNS, central nervous system. a)Number of patients who received radiation therapy.

expenditure by the government, which were not included in
the previous study, were also included in this study. The
source population consisted of all patients who had any of
the International Classification of Diseases 10th revision cancer diagnoses (C00-C97) and those with diagnostic codes
D00-D48 (including carcinoma in situ or benign neoplasms),
who were also associated with at least one of the procedure
codes related to RT treatment [3]. The detailed methods of
categorization for diagnostic codes are described in a previous study [3].
We analyzed the claims data from the HIRA in order to
identify the total number of patients who underwent RT, and
the number of patients who received RT by primary cancer
diagnosis, sex, and age group between 2011 and 2015 in
Korea. In addition, through the classification of the procedure codes related to RT [3], we estimated the total number
of patients who received specific RT modalities, including
brachytherapy, intensity-modulated radiation therapy
(IMRT), stereotactic radiation therapy (SRT), and proton
therapy. Considering the annual cancer incidence [1], the
percentage of patients who underwent RT was calculated.
We also analyzed the geographic differences for the number
of patients who received RT. The number of patients was
based on the location of the healthcare facilities.
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Results
The total number of patients who received RT in 2011, 2012,
2013, 2014, and 2015 were 54,810, 59,435, 61,839, 64,062, and
66,183, respectively (Fig. 1). Among them, the total numbers
of male and female patients were 24,946/29,864 in 2011,
27,211/32,224 in 2012, 28,111/33,728 in 2013, 29,312/34,750 in
2014, and 30,266/35,917 in 2015 (Fig. 2). The absolute number
of cancer patients who received RT and the cancer incidence
from 2011 to 2014 are shown in Fig. 3. The utilization rate of
RT in cancer patients has also increased steadily over the same
period from 25% to 30%. Because Korea’s cancer incidence in
2015 has not been reported yet, the utilization rate of RT in
2015 could not be calculated.
The distribution of patients who received RT by cancer
diagnosis between 2011 and 2015 is shown in Table 2. The five
cancers that were most frequently treated with RT between
2011 and 2012 were breast, lung, colorectal, liver, and uterine
cervical cancers. However, the fifth most common cancer
treated with RT that replaced uterine cervical cancer in 2013
was prostate cancer (Fig. 4A). The five most common types of
cancer among the male patients were lung, liver, prostate, colorectal, and esophageal cancers, while the incidence of colorectal cancer showed a decreasing trend (Fig. 4B). Among female

Young-Seok Seo, Radiotherapy Statistics in Korea, 2011-2015

A

All
Breast
Liver

Lung
Prostate

18,000
16,000

No. of patients treated with RT

17,302

8,000
7,000

9,007

9,443

10,203

10,868

10,863

6,000
5,054

5,048

5,000

4,920

4,901

4,898
4,112

4,000
3,000

3,446

3,641

3,679

3,027
2,453

2,000

2,481

2,577

2,634

2,451

2,540

2,425

2,778

2011

7,508
6,711

2013
Year

2014

8,092

6,936

4,000
3,323

3,000

2,785
2,580
2,429

2,934

2,985
2,778

2,577

2,634

2,555

2,572

2,572

1,245

1,283

1,302

1,371

2012

2013
Year

2014

2015

2,683
2,451

2,000
1,952

2,446
1,170

2012

7,959

Prostate

6,000

1,952

1,000

Liver
Esophagus

9,000

13,765

12,000
10,000

Lung
Colorectal

No. of patients treated with RT

14,000

15,059

15,766

Colorectal
Uterine cervix

16,549

B

Male

2015

1,000

2011

Fig. 4. The fifth most common cancer treated with radiation therapy (RT) between 2011 and 2015 in Korea. (A) All patients.
(B) Male patients. (Continued to the next page)

patients, the five most common types were breast, lung, uterine cervical, colorectal, and uterine corpus cancers, while the
incidence of colorectal and uterine cervix cancer showed a
decreasing trend (Fig. 4C).
Breast cancer and carcinoma in situ of breast patients
accounted for nearly 30% of the total patients who underwent
RT, and for approximately half of the female patients
(Table 2). The diseases with code ‘D’ made up 7% of the total
patients treated with RT (Fig. 1).
The utilization rates of RT in the 10 most common cancers
in Korea [1] are shown in Fig. 5. The utilization rate of RT
increased significantly between 2011 and 2014 for breast (from
85% to 90%), lung (from 41% to 45%), liver (from 18% to 25%),
and prostate cancer (from 22% to 27%).
The distribution of patients who received RT in 2015 based
on cancer diagnosis and age group is shown in Table 3. The
most common cancer was that of the central nervous system
for patients aged 20 years or less, while breast cancer was the

most common cancer in patients aged 30-50 years, and lung
cancer was the most common cancer in patients aged 60 years
or more. Similar trends were observed for previous years.
The distribution of patients who received RT with specific
modalities is shown in Table 4. The use of advanced RT
modalities like IMRT, SRT, and proton therapy are steadily
increasing every year.
Table 5 shows the distribution of patients who received RT
from 2011 to 2015 in Korea for each prefecture. The population
of each prefecture in 2015 is shown as a representative value
[5]. The number of patients has steadily increased every year
in all prefectures. More than half of cancer patients (64%) were
treated with RT in the capital area (Seoul, Gyeonggi, and
Incheon).
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B

C

Female
Breast
Colorectal

Lung
Uterine corpus

Uterine cervix

20,000
18,000
15,033

16,000

No. of patients treated with RT

14,000

15,736

16,510

17,265

13,744

12,000
4,000

3,000
2,453

2,000

2,489

2,679

2,481

2,540

1,310

635

2011

2,280
1,412

2,887

2,771

2,425

2,466

1,288

1,239

1,229

724

741

810

813

2012

2013
Year

2014

2015

1,000

0

Fig. 4. (Continued from the previous page) (C) Female
patients.

Discussion
We analyzed the clinical utilization of RT between 2011
and 2015 in Korea using claims data from the HIRA. The total
number of patients who underwent RT has increased by 3%8% per year between 2011 and 2015 (Fig. 1). As shown in
Fig. 3, the annual cancer incidence in Korea has slowed after
increasing until 2011 [1], and it decreased in 2014 compared
with 2013. However, the number of cancer patients who
underwent RT increased annually during the same period
(Fig. 3). This antithetical pattern seemingly stems from a
decrease in the total cancer incidence due to a decrease in the
thyroid cancer incidence in recent years in Korea [1]. As
shown in Fig. 5, because the role of external beam RT in welldifferentiated thyroid cancer remains controversial [6], the
decreasing incidence of thyroid cancer does not affect the utilization of RT in cancer patients.
While the numbers of breast, lung, and prostate cancers
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being treated with RT has increased every year, the numbers
of colorectal and uterine cervix cancer treated with RT have
not shown any increase (Fig. 4). These trends of RT for these
cancers have some correlation with the increasing and
decreasing trends in the incidence of these cancers (Fig. 5).
Interestingly, liver cancer has shown a significant increase in
the number of RT patients (Figs. 4 and 5) although the incidence of liver cancer has been the same or has slightly
decreased every year in Korea [1]. The increase of RT for
patients with liver cancer seems to have a correlation with
the remarkable increase of utilization rate of RT (Fig. 5). This
trend may be because recently many studies have reported
good clinical outcomes for hepatocellular carcinoma patients
receiving high dose radiation in Korea using advanced RT
technologies, including IMRT, SRT, and image guided radiotherapy [7-12]. Furthermore, the Korean Practice Guidelines
for the Management of Hepatocellular Carcinoma recommend RT for inoperable hepatocellular carcinoma patients
[13].
Although the percentage of cancer patients who underwent RT increased from 25% to 30% during these 5 years
(Fig. 3), the clinical utilization rate of RT in Korea seems to
be lower than of the estimated optimal utilization rate of
developed or developing countries (47%-56%) [14-16]. However, recently Mackillop et al. [17] criticized the overestimation of the optimal RT utilization rate in the previous reports
and reported that optimal utilization rate is 34% considering
the conditions of optimal access to RT. Because the study
estimated the optimal utilization rate of RT in Korea under
conditions of access to RT of Korea was not reported yet,
whether 30% of RT utilization in Korea is appropriate is
debatable. Nevertheless, the incidence of breast, lung, and
prostate cancers that account for over 50% of RT patients is
showing an increasing trend every year [1]. Therefore, the
clinical utilization rate of RT among cancer patients in Korea
is expected to continue to rise.
There is an overlap in years between the present and a previous study [3]; however, the number of patients who underwent RT are different between the two studies during the
same period. Compared to the previous study, annually, an
additional 200-300 patients underwent RT between 2011 and
2013. This difference might be because additional healthcare
information that was not included in the previous study was
integrated in the present study, such as information from primary and sanatorium hospitals and patriots and veterans
affairs’ insurance expenditure by the government. Besides,
there is lately (after 1 or more years) registered claims data
in HIRA.
In terms of RT modalities, the number of cases receiving
SRT has steadily increased over the last 5 years and it was
notably increased especially in 2015. In 2015, the national
health insurance coverage of SRT was expanded from only
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Thyroid 2011
2014

354 (8.6)
360 (11.7)

Stomach 2011
2014

41,200
30,806

1,070 (3.4)
992 (3.3)

Colorectal 2011
2014

31,895
29,854
5,054 (17.7)
4,901 (18.2)

Lung 2011
2014

28,487
26,978

Breast 2011
2014

13,765 (85.3) 16,128
16,549 (90.0) 18,381

Liver 2011
2014

16,684
16,178

3,027 (18.1)
3,679 (22.7)

Prostate 2011
2014

1,952 (21.6)
2,634 (26.9)

Pancreas 2011
2014

782 (15.5) 5,140
5,948
948 (15.9)

Gallbladder and biliary 2011
2014
NHL 2011
2014

22,118
24,027

8,991 (40.7)
10,846 (45.1)

9,058
9,785

778 (15.9) 5,048
954 (15.4) 5,576

RT patients
Cancer incidence

1,165 (27.5) 4,248
1,389 (28.1) 4,948

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

45,000

No. of patients

Fig. 5. The utilization rate of radiation therapy (RT) in the 10 most common cancer between 2011 and 2014 in Korea. NHL,
non-Hodgkin’s lymphoma.

cranio-spinal tumors and inoperable lung cancer to whole
body tumors. Similar to SRT, notable increases in the use of
IMRT and proton therapy are expected in 2016 because
national health insurance coverage of IMRT and proton therapy has been expanded in the second half of 2015. In addition, a second proton therapy center in Korea started
operating in 2016 [18]. However, it should be kept in mind
that the claims data from the HIRA only included data of the
insured cases and the number of uninsured treatments could
not be recorded. Therefore, the actual number of patients
who received SRT, IMRT, and proton therapy are expected
to be higher than the reported number.
In 2015, the population of Seoul was 19.5% of Korea’s population; however, nearly half of the patients (43.9%) treated
with RT were treated in Seoul (Table 5). If we assume that
the optimal rate of RT patients is equal to the percentage of
population in each prefecture, Seoul had 2.25 fold of RT
patients and Chungbuk had 0.35 fold of RT patients. This
phenomenon of concentration in Seoul therefore seems very

extreme. To explain this severe disproportion between
regions, we need to analyze the infrastructure of RT in Korea.
However, unfortunately, no such study has been published
after 2007 [19]. We are preparing for the report about the status of the infrastructure of radiotherapy in Korea (2015).
The total number of patients who underwent RT increased
steadily from 2011 to 2015 in Korea. The utilization rate of
RT in cancer patients is also increasing. These trends are
expected to continue because the incidences of breast and
lung cancers with treatment heavily dependent on RT are
also experiencing a rising trend in Korea.
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Breast (C50)
Colorectum (C18-C20)
Liver (C22)
Esophagus (C15)
Stomach (C16)
Pancreas (C25)
Gallbladder and biliary (C23-C24)
Anus (C21)
Small bowel (C17)
Other (C26)
Subtotal
Lung (C34)
Thymus (C37)
Mediastinum (C38)
Trachea (C33)
Other (C39)
Subtotal
Larynx (C32)
Oropharynx (C01, C09-C10)
Oral cavity (C02-C06)
Nasopharynx (C11)
Salivary gland (C07-C08)
Hypopharynx (C12-C13)
Paranasal sinus (C31)
Nasal cavity (C30)
Eye and orbit (C69)
Lip (C00)
Other (C14)
Subtotal
Uterine cervix (C53)
Uterine corpus (C54-C55)
Ovary and tube (C56)
Vagina and vulva (C51-C52)
Other (C57-C58)
Subtotal

Breast
Gastrointestinal

(Continued to the next page)

Gynecologic

Head and neck

Thoracic

Primary diagnosis

Category
114
13
10
0
9
2
0
3
0
0
37
14
9
14
1
0
38
0
2
15
21
21
0
3
4
7
0
1
74
24
9
1
0
0
34

20s or under
1,614
140
89
2
66
16
8
0
3
0
324
124
26
4
1
0
155
5
7
36
44
23
1
3
15
3
0
1
138
274
24
13
2
1
314

30s
5,949
563
447
50
151
65
58
16
0
0
1,350
571
71
8
5
0
655
32
58
77
109
52
11
28
20
7
2
0
396
539
129
40
12
1
721

40s
5,908
1,330
1,332
328
279
273
237
52
10
1
3,842
2,232
86
10
4
0
2,332
204
229
172
162
100
85
42
37
15
5
3
1,054
702
339
98
28
3
1,170

50s

Age groupa)

Table 3. The number of patients who underwent radiation therapy by cancer diagnosis and age group in Korea (2015)

2,761
1,376
1,326
498
258
340
347
49
12
2
4,208
3,632
79
11
7
1
3,730
344
211
166
112
103
140
43
26
11
3
6
1,165
440
213
69
21
5
748

60s
956
1,476
908
594
250
302
335
79
7
0
3,951
4,290
52
7
7
0
4,356
318
112
166
68
75
158
47
40
15
8
6
1,013
487
99
37
59
1
683

70s or older
17,302
4,898
4,112
1,472
1,013
998
985
199
32
3
13,712
10,863
323
54
25
1
11,266
903
619
632
516
374
395
166
142
58
18
17
3,840
2,466
813
258
122
11
3,670

Total
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1
1
11
12
0
25
250
15
9
274
78
36
5
119
75
0
1
3
138
5
3
58
50
20
1,068
18
10
53
19
88
188
1,256

20s or under

CNS, central nervous system. a)Number of patients who received radiation therapy.

Soft tissue
Mesothelioma
Myeloma and plasmacytoma
Thyroid
Leukemia
Skin
Malignant melanoma
Primary bone and cartilage
Endocrine
Unknown primary
Total No. of cancer patients
Carcinoma in situ of the breast
Benign neoplasm of meninges
Benign neoplasm of CNS
Benign neoplasm of endocrine
Other D code diseases
Total D code patients
Total

Lymphoma

(D05)
(D32)
(D33)
(D34-D35)
(D00-D04, D06-D31, D36-D48)

Prostate (C61)
Ureter and bladder (C66-C67)
Kidney (C64-C65)
Penis and testis (C60, C62-C63)
Other (C68)
Subtotal
Brain (C70-C71)
Spinal cord (C72)
Other (C47)
Subtotal
Non-Hodgkin's lymphoma (C82-C88)
Hodgkin's disease (C81)
Other (C96)
Subtotal
(C46, C49)
(C45)
(C90)
(C73)
(C91-C95)
(C44)
(C43)
(C40-C41)
(C74-C75)
(C48, C76-C80, C97)

Genitourinary

CNS

Primary diagnosis

Category

Table 3. Continued

0
4
14
14
2
34
186
5
12
203
128
19
8
155
73
0
5
3
54
11
8
23
11
53
3,178
184
36
65
41
75
401
3,579

30s
18
31
56
7
2
114
264
7
7
278
220
10
8
238
103
3
43
24
85
14
31
28
4
168
10,204
799
161
136
71
124
1,291
11,495

40s
257
94
141
12
1
505
391
6
7
404
361
15
8
384
157
8
113
75
69
40
60
39
24
377
16,561
661
319
208
84
189
1,461
18,022

50s

Age groupa)
918
145
156
7
4
1,230
304
8
6
318
331
5
1
337
135
12
163
82
34
53
73
34
7
429
15,519
323
266
148
60
176
973
16,492

60s
1,584
327
147
10
10
2,078
210
6
5
221
375
15
3
393
172
6
134
122
16
156
66
41
8
373
14,745
77
240
103
33
141
594
15,339

70s or older

2,778
602
525
62
19
3,986
1,605
47
46
1,698
1,493
100
33
1,626
715
29
459
309
396
279
241
223
104
1,420
61,275
2,062
1,032
713
308
793
4,908
66,183

Total
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Table 4. Distribution of patients who received radiation therapy according to specific radiation therapy modalities
between 2011 and 2015 in Korea
Yeara)

Radiation therapy modality
Brachytherapy
Intensity-modulated radiation therapy
Stereotactic radiation therapy
Proton radiation therapy

2011

2012

2013

2014

2015

1,421 (2.6)
6,250 (11.4)
3,122 (5.7)
25 (0.0)

1,421 (2.4)
6,372 (10.7)
6,670 (11.2)
50 (0.1)

1,404 (2.3)
6,698 (10.8)
6,772 (11.0)
33 (0.1)

1,255 (2.0)
7,022 (11.0)
7,648 (11.9)
34 (0.1)

1,247 (1.9)
8,397 (12.7)
12,228 (18.5)
158 (0.2)

Values are presented as number (%). a)Percentage of the number of specific radiation therapy modalities over the total number
of radiotherapy in each year.

Table 5. Demographic data of patients who received radiation therapy between 2011 and 2015 in Korea for each prefecture
Prefecture
Seoul
Gyeonggi, Incheon
Gangwon
Chungbuk
Chungnam, Daejeon
Jeonbuk
Jeonnam, Gwangju
Gyeongbuk, Daegu
Gyeongnam, Busan, Ulsan
Jeju
Total

Year

Population (2015) [5],
103 (%)

2011

2012

2013

2014

2015

9,860 (19.5)
15,284 (30.2)
1,506 (3.0)
1,561 (3.1)
3,822 (7.5)
1,798 (3.5)
3,274 (6.5)
5,097 (10.1)
7,827 (15.5)
587 (1.1)
50,616 (100)

24,713 (45.1)
10,651 (19.4)
1,308 (2.4)
654 (1.2)
2,548 (4.6)
1,299 (2.4)
2,812 (5.1)
4,062 (7.4)
6,393 (11.7)
420 (0.7)
54,810 (100)

26,996 (45.4)
11,543 (19.4)
1,422 (2.4)
684 (1.2)
2,822 (4.7)
1,334 (2.2)
3,024 (5.1)
4,388 (7.4)
6,774 (11.4)
448 (0.8)
59,435 (100)

27,458 (44.4)
12,228 (19.8)
1,365 (2.2)
683 (1.1)
3,029 (4.9)
1,366 (2.2)
3,119 (5.0)
4,702 (7.6)
7,429 (12.0)
460 (0.8)
61,839 (100)

28,303 (44.2)
12,859 (20.1)
1,406 (2.2)
696 (1.1)
3,047 (4.7)
1,466 (2.3)
3,195 (5.0)
4,922 (7.7)
7,652 (11.9)
516 (0.8)
64,062 (100)

29,085 (43.9)
13,680 (20.7)
1,501 (2.3)
742 (1.1)
3,166 (4.8)
1,393 (2.1)
3,359 (5.1)
4,926 (7.4)
7,802 (11.8)
529 (0.8)
66,183 (100)

Values are presented as number (%).
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Purpose
Lung cancer is strongly associated to tobacco smoking. However, global statistics estimate
that in females the proportion of lung cancer cases that is unrelated to tobacco smoking
reaches fifty percent, making questionable the etiology of the disease.
Materials and Methods
A never-smoker female with primary EGFR/KRAS/ALK-negative squamous cell carcinoma
of the lung and their normal sibs were subjected to a novel integrative “omic” approach using
a pedigree-based model for discovering genetic factors leading to cancer in the absence of
well-known environmental trigger. A first-step whole-exome sequencing on tumor and normal
tissue did not identify mutations in known driver genes. Building on the idea of a germline
oligogenic origin of lung cancer, we performed whole-exome sequencing of DNA from
patients’ peripheral blood and their unaffected sibs. Finally, RNA-sequencing analysis in
tumoral and matched non-tumoral tissues was carried out in order to investigate the clonal
profile and the pathogenic role of the identified variants.
Results
Filtering for rare variants with Combined Annotation Dependent Depletion (CADD) > 25 and
potentially damaging effect, we identified rare/private germline deleterious variants in 11
cancer-associated genes, none of which, except one, shared with the healthy sib, pinpointing
to a “private” oligogenic germline signature. Noteworthy, among these, two mutated genes,
namely ACACA and DEPTOR, turned to be potential targets for therapy because related to
known drivers, such as BRCA1 and EGFR.
Conclusion
In the era of precision medicine, this report emphasizes the importance of an “omic”
approach to uncover oligogenic germline signature underlying cancer development and to
identify suitable therapeutic targets as well.

Key words
Exome, Squamous cell carcinoma,
High-throughput nucleotide sequencing, Disease susceptibility,
Multifactorial inheritance, Precision medicine
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Introduction

Materials and Methods

Lung cancer is an important public health problem and the
leading cause of cancer death worldwide [1]. The two major
histological types of lung cancer are non-small cell lung cancers (NSCLC) and small cell lung cancers. NSCLCs consist
mostly of lung adenocarcinomas (ADCA) and lung squamous cell carcinomas (SQCC). These two NSCLC subtypes
have both unique and common clinical and histopathological
characteristics. For example, ADCAs are mainly observed in
never smokers [2] while SQCC is the most frequent histological type among smoking patients.
The discovery of common, mutually exclusive, driver
genes, epidermal growth factor receptor (EGFR), KRAS
proto-oncogene GTPase (KRAS) and anaplastic lymphoma
receptor tyrosine kinase (ALK), that represent crucial therapeutic targets, led to a remarkable improvement in NSCLC
therapy. However, only about 50% of NSCLC acquire mutations in these genes. Identification of new cancer driver genes
currently is a top research priority. Recent studies using nextgeneration sequencing (NGS) approach characterized
NSCLC tissues in order to identify new less common candidate driver mutations [3,4] highlighting the presence of great
variability even within tumor samples belonging to the same
histological type.
Up to now, application of NGS technology has been
reported in many lung cancer samples leading to the discovery of a large set of new somatic mutations in key cancer
genes. Nevertheless, no studies are present in literature that
performed whole-exome sequencing (WES) and RNAsequencing (RNA-seq) from tumoral and matched nontumoral lung tissues integrating these with WES of blood
DNA from the same individual to identify possible tumordriver variants which are already present in the germline
background and that may predispose to lung cancer. Using
WES analysis in a model of cases and controls deriving from
the same kindred—discordant sib-pair design—we have
recently showed that a set of oligogenic germline mutations,
that are detectable in the peripheral blood, may play a role
in the development and growth of lung ADCA in never
smokers [5]. Noteworthy, our previous results demonstrated
that the oligogenic cancer predisposing signature is a “private signature,” varying from one patient to another.
Herein, we tested further the hypothesis of the oligogenic
origin of lung cancer in a never-smoker female who developed a SQCC of the lung. We applied for the first time an
integrative “omic” approach of WES and RNA-seq experiments in a discordant sib-pair design.

1. Samples and DNA/RNA extraction
Patient and sib signed the informed consent declaration at
the Medical Genetics Unit of the Azienda Ospedaliera Universitaria Senese, Italy, for the use of their biological samples
and clinical data for research purposes. The study protocol
was approved by the Ethical Committee of the Azienda
Ospedaliera Universitaria Senese. Information on histological diagnosis (by the Pathology Unit) was retrieved from the
clinical records. Genomic DNA of patient and healthy sib
was isolated from EDTA peripheral blood using QIAamp
DNA Blood Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s protocol. Formalin-fixed paraffin-embedded
(FFPE) samples of patient’s tumoral and non-tumoral lung
tissues were obtained from the Pathology Unit of the recruiting hospital and analyzed through WES and RNA-seq. DNA
was extracted from FFPE lung tumoral and non-tumoral tissue samples using MagCore Genomic DNA FFPE One-Step
Kit for MagCore System (Diatech Pharmacogenetics s.r.l.,
Ancona, Italy). RNA was extracted from FFPE lung tumoral
and non-tumoral tissue samples of our case using High Pure
FFPE-Tissue RNA Isolation Kit (Roche, Basel, Switzerland)
following the manufacturer’s instructions. Additional RNAs
from three FFPE lung non-tumoral tissues from other lung
cancer patients were isolated using the same kit and used as
control tissues. RNA samples were processed to remove
rRNA using Ribo-Zero rRNA Removal Kit for Human samples (Illumina, Grand Island, NY) following the manufacturer’s instructions. RNA integrity was verified using the
Agilent Eukaryote Total RNA Nano Kit (Agilent Technologies, Palo Alto, CA) on Agilent2100 Bioanalyzer (Agilent
Technologies). Both DNA and RNA were quantified by
spectrophotometry (ND-2000c, NanoDrop Products, Wilmington, DE) and Qubit Fluorometer with Qubit dsDNA HS
Assay and Qubit RNA HS Assay Kits (Life Technologies,
Carlsbad, CA), respectively.
2. WES and data analysis
WES was performed using the Life Technologies Ion Proton sequencer (Life Technologies) on genomic DNA samples
of cases and controls and tumor tissues as previously
described [6]. Variant were then annotated against external
datasets, including 1000 genomes (http://www.1000genomes.org/) and dbSNP. After removing variants with low
coverage, in order to identify candidate susceptibility variants, we selected for rare variants with minor allele frequency [MAF]  0.01 or not reported (S1 Fig.). We then
filtered excluding variants with clinical significance as
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“benign” or “likely benign” and present in an in-house database of variants. Additional filtering procedures were thus
implemented for retrieving exonic rare variants with a
potential detrimental impact on protein function, i.e., variants, insertions and deletions (indels) causing exonic
frameshifts and missense variants predicted as deleterious
applying the Combined Annotation Dependent Depletion
(CADD > 25) and the MetaSVM (Support Vector Machine)
bioinformatics tools. Genes affected by mutations were
checked in literature in order to identify cancer-related genes.
Validation of these variants was carried out using custom
NGS panel for Ion PGM sequencer (Life Technologies).

the associated p-value for lung cancer tissues. Cuffdiff tool
from Cufflinks was used to identify differentially expressed
genes [9]. Gene Ontology and pathways analyses were performed using both Enrichr (http://amp.pharm.mssm.edu/
Enrichr/) and Database for Annotation, Visualization and
Integrated Discovery functional annotation tool (DAVID
Bioinformatics Resources 6.7, https://david.ncifcrf.gov).

3. RNA-seq and data analysis

1. Patient description

RNA-seq was performed using Illumina HiSeq2500 platform (Illumina Inc., San Diego, CA), in a 2100 bp pairedend configuration in High Output mode (V4 chemistry), with
a total of at least 250 million reads per lane. After quality
check, RNA (50 ng) was used to prepare sample libraries.
Sequencing library construction included these steps: library
construction using Illumina TruSeq RNA Sample Pre Kit
(Illumina), library purification using Beckman AMPure XP
beads (Beckman Coulter s.r.l., Milan, Italy), insert fragments
test using Agilent High Sensitivity DNA Kit on Agilent 2100
Bioanalyzer (Agilent Technologies), and cBOT automatic
cluster (TruSeq PE Cluster Kit v3-cBotHS). Post-library quality controls were performed using the Agilent RNA 6000
Nano kit (Agilent Technologies) on Agilent 2100 Bioanalyzer
(Agilent Technologies) and Qubit Fluorometer (Life Technologies). Libraries were then loaded on HiSeq2500 sequencing platform (Illumina) and sequenced using 2100 bp
pair-end High Output Mode (V4 chemistry) per lane. The
reads generated on the HiSeq2500 were provided under
FASTQ format.
Sequence reads in FASTQ format were processing using
the Fastqc software (http://www.bioinformatics.babraham.
ac.uk/projects/fastqc/) for data quality check and removing
excess adaptors to get high-quality and clean reads. The
high-quality reads were aligned to the GRCh38/hg38 reference human genome (ftp://jgi-psf.org/pub/compgen/phyto zome/v9.0/Ptrichocarpa/assembly/Ptrichocarpa_210.fa.
gz) using the TopHat software ver. 2.0.9 [7]. Transcript
assembling and expression quantification were carried out
using Cufflinks ver. 2 [8]. Gene expression was expressed as
fragments per kilo-base transcript per million mapped reads
(FPKM) value. This normalized value was used for visualization on a genome browser (http://genome.ucsc.edu/), as
well as to compare read coverage between and throughout
different genes. Statistical analysis was performed to compute the mean FPKM level with the associated p-value for
lung normal tissues together with the mean FPKM level with

A still alive Caucasian female patient, who developed SQCC
of the lung in the absence of smoking habit and/or asbestos
exposure, was recruited. Her smoker father died at age 63
from lung cancer. She had no known other family history of
cancers. At age of 77, after a “screening” chest and abdomen
computed tomography scan examination, a 127 mm nodule
was found in the dorsal segment of the right superior lobe in
association with a small “ground glass” area (9.5 mm in diameter) in the left superior lobe. The nodule showed a small volumetric increase after 3 months and the patient was scheduled
for surgery at the Thoracic Surgery Unit of Azienda Ospedaliera Universitaria Senese, Italy. Intraoperative diagnosis
was NSCLC. At gross pathologic examination, a 120.5 solid
nodule with irregular margin was detected. Histologic examination showed SQCC with a mainly perialveolar and perivascular growth pattern. Tumoral cells were p63+, cytokeratin
(CK) 5/6+, CK7, thyroid transcription factor 1, synaptophysin, chromogranin. Ki67 immunostaining was 20 per
cent. There was moderate infiltration of the visceral pleura,
but no lymphonodal infiltration. Two years before, patient had
undergone to removal of a cutaneous nodule located in the
left side of the neck that resulted to be a SQCC of the basal
subtype. She subsequently underwent left cervical lymphadenectomy, that showed infiltration of three cervical lymphonodes. On the basis of histological analysis, site of tumors
and type of lymphonodal involvement, it was stated that the
patient had two different primary tumors, both belonging to
the squamous subtype. The patient is alive and well 4 years
after the first and 2 years after the second operation.
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Results

2. “Omic” characterization
We firstly carried out WES of gDNA from FFPE tumoral
and non-tumoral lung tissue. With the aim of identification of
somatic driver mutations, we subtracted the germline background to 39,286 variants present in the tumoral lung tissue,
leading to 2,543 exonic variants present only in the tumor.

Margherita Baldassarri, Integrative Omic Approach for Precision Medicine

WES in tumoral vs. normal tissue

No EGFR, KRAS mutations
No mutations in other putative driver genes
(Campbell et al. [3])

WES patient vs. healthy sib in blood

19 Cancer genes with CADD > 25
or truncating mutations

RNA-seq in tumoral vs. normal tissue

11 with altered expression

1
BRCA1
pathway

1
EGFR
pathway

9
Other
pathway

Fig. 1. Flowchart illustrating the study strategy and result. WES, whole-exome sequencing; EGFR, epidermal growth factor
receptor; CADD, Combined Annotation Dependent Depletion; RNA-seq, RNA sequencing.

Among them, 1,381 were missense variants and 254 were truncating (S2A Fig.). We then extracted the somatic mutational
signature according to base substitutions, as described by
Alexandrov et al. (2013) [10]. This analysis showed a predominance of C>T transitions in tumoral lung tissue, not corresponding to the specific cancer signature related to tobacco
consumption that are characterized by predominance of C>A
transversions (S2B Fig.). Pathway analysis showed that mutations observed in SQCC tissue mostly affected genes involved
in extracellular matrix organization (p=0.005), transmembrane
transport of small molecules (p=0.010) and collagen formation
(p=0.034) pathway, as previously reported (S2C Fig.) [4]. Over-

all, no mutations in the known driver genes, such as EGFR,
KRAS, AKT, ROS1, nor in other putative driver genes
described by Campbell et al. [3] were present in our tumoral
sample [3]. EML4-ALK fusion gene was also excluded. The
failure of identification of somatic driver mutations rose the
hypothesis that germline variants may have a role in etiology
of the disease.
We then adopted a novel integrative “omic” approach using
a combination of NGS techniques in a pedigree model that
compares discordant sibs to test the hypothesis of oligogenic
origin of lung cancer (Fig. 1).
We carried out WES of gDNA from peripheral blood of the
VOLUME 50 NUMBER 2 APRIL 2018

359

Cancer Res Treat. 2018;50(2):356-365

Table 1. Expression levels of 11 cancer-related germline variants (fold-change > ±1.5)
Group
Group 1: Underexpressed
in tumoral tissue
(fold-change  0.66)

Group 2: Underexpressed
in both normal and
tumoral tissue
(fold-change  0.66)

Group 3: Overexpressed
in tumoral tissue
(fold-change  +1.5)

(Continued to the next page)
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Gene
symbol

Amino acid
change
(CADD value)

Foldchange
T/N

ACACA

p.R650W (33)

–4.35

MYH9

p.Q843P (31)

–1.64

CTSZ

p.V120M (26)

–1.59

AVL9

p.R13fs (NA)

–3.13a)

CARS

p.G259S (33)b)

–3.03a)

DEPTOR

p.R211X (46)

–1.96a)

PSCA

p.W109X (NA)b)

ENO3

p.YT214X (35)

7.04

PARP14

p.E587fs (NA)

4.93

CTBP2

p.R717C (34)

4.34

391.96

Gene function related to cancer development
Acetyl-CoA carboxylase alpha has a role in de novo
lipogenesis catalyzing the carboxylation of acetyl-CoA to
malonyl-CoA. The enzyme is under long term control at
the transcriptional and translational levels. It is known to
specifically interact with BRCA1 [11].
Myosin heavy chain 9 is a myosin IIA heavy chain that
interacts with -actin to maintain cytoskeleton integrity.
It is a EGFR-associating protein in NSCLC cell lines
overexpressing EGFR [12].
Cathepsin Z is a lysosomal cysteine proteinase. CTSZ is
mostly expressed in immune cells, such as macrophages
and monocytes, and involved in antigen processing and
maturation of the major histocompatibility complex class
II molecules [13]. This gene is expressed ubiquitously in
cancer cell lines and primary tumors.
AVL9 cell migration associated is among the 73 cancer
driver candidate genes previously identified via
dog-human comparison, deleted in colorectal cancer [14]
and classified as putative tumor suppressors.
AVL9-depletion inhibits the migration of A549 human
adenocarcinomic alveolar basal epithelial cells [15].
Cysteinyl-tRNA synthetase is one of several located near
the imprinted gene domain on chromosome 11p15.5,
an important tumor-suppressor gene region [16].
DEP-domain containing mTOR interacting protein has
growth suppression activity against pancreatic cancer
cells, and its expression is gradually lost during pancreatic
tumorigenesis [17]. Tumor progression mediated by
EGFR ectopic expression was diminuished by transfection
with DEPTOR in lung adenocarcinoma. Gefitinib,
a specific EGFR inhibitor used for lung cancer therapy,
stimulated DEPTOR accumulation [18].
Prostate stem cell antigen encodes a
glycosylphosphatidylinositol-anchored cell membrane
glycoprotein that is upregulated in a large proportion of
prostate cancers and other cancers. It is highly expressed
in non-small cell lung cancer and may be functionally
important for the disease: small interfering
RNA-mediated knockdown of PSCA resulted in the
inhibition of LC growth [19].
Enolase 3 encodes one of the three enolase isoenzymes.
It was found upregulated in liver cancer mouse model [20].
Poly(ADP-ribose) polymerase family member 14 is an
anti-apoptotic protein that may regulate aerobic glycolysis
and promote survival of cancer cells [21]. Its increased
expression has been reported in a variety of tumor types.
C-terminal binding protein 2 is upregulated in a number of
tumors, such as hepatocellular carcinoma, prostate cancer,
and gliomas [22,23].
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Table 1. Continued
Group

Gene
symbol
FOXM1

Amino acid
change
(CADD value)

Foldchange
T/N

p.P658L (27)b)

3.28

Gene function related to cancer development
Forkhead box M1 is a transcriptional activator involved in
cell proliferation. Consistent with an important role of
Foxm1 in cell cycle progression, increased expression of
Foxm1 was found in many human tumors. Increased
Foxm1 expression in human lung adenocarcinomas and
squamous cell carcinomas was associated with increased
proliferation of tumor cells [24].

CADD, Combined Annotation Dependent Depletion; T, tumoral lung tissue; N, non-tumoral lung tissue; ACACA, acetylCoA carboxylase alpha; EGFR, epidermal growth factor receptor; NSCLC, non-small cell lung cancers; mTOR, mammalian
target of rapamycin; NA, not applicable; LC, lung cancer; MAF, minor allele frequency. a)Fold-change calculated by comparing
expression levels of normal and tumor tissues with those of a pool of normal lung tissues, b)All listed variants were private
except those in CARS (MAF=0.002), PSCA (MAF=0.0076), and FOXM1 (MAF=0.0044) genes.

SQCC patient and her unaffected sib as controls (S3 Table).
Overall, we identified 37,727 germline variants in the patient
and 37,355 germline variants in the healthy sib and 39,286 variants in the tumoral lung tissue.
To identify susceptibility variants, we compared case and
control WES data and selected for rare variants (MAF  0.01)
with a potentially damaging effect: truncating variants, i.e.,
insertions and deletions (indels) causing exonic frameshifts
and nonsense mutation, and missense deleterious variants
predicted with CADD > 25 and filtering out those with
MetaSVM as “tolerated” (S1 Fig.). We obtained 111 potential
deleterious variants of which 40 were shared by both siblings.
Among the 111 potentially deleterious variants, 19 variants
mapped in genes that have been found previously associated
with cancer of the lung or other tissues (S4 Table). Validation
of these variants led to the confirmation of all variants that
were probably responsible for lung cancer susceptibility in our
case. All the sequence variants identified were in the heterozygous state and were also present in the relative lung tumor tissue in heterozygous state as expected.
Finally, we performed RNA-seq analysis of RNA extracted
from both FFPE tumoral and non-tumoral lung tissues of our
patient in order to detect differences in the expression level
that could help the understanding of the functional role of
germline variants. RNA-seq generated a mean of 75,134,860
reads per sample (S5 Table).
To assess the potential functional role of the 19 germline
cancer-related variants identified by WES in the patient and
predicted as deleterious by bioinformatics tools, we combined
results from WES experiments with the respective-gene
expression profile from RNA-seq of non-tumoral and matched

tumoral tissue. In 19 variants mapping in 19 genes, RNA-seq
data showed differential expression level (fold-change > ±1.5)
for 11 genes, reinforcing the pathogenic role of the identified
variants showing three different effects (Table 1). Three genes,
namely ACACA, CTSZ, and MYH9, showed downregulation
in lung cancer compared to normal tissue. Three genes,
namely DEPTOR, AVL9, and CARS, showed downregulation
of both normal and cancer tissue when we compared those tissues with a pool of three normal lung tissues. Lastly, five
remaining genes (PSCA, ENO3, PARP14, CTBP2, FOXM1)
showed an upregulation in lung cancer tissue. All the above
mentioned variants were exclusive of the patient with the
exception of variant in FOXM1 gene that was present also in
the healthy sib.
Among the 11 germline-mutated cancer-related genes, two
genes, namely ACACA and DEPTOR, are known to be associated with the known driver genes, BRCA1 and EGFR, respectively. In particular, we found a missense variant, that has
been predicted as deleterious, c.C1948T, p.Arg650Trp (NM_
198837.1, exon 16) in ACACA gene (OMIM* 200350) encoding
Acetyl-CoA carboxylase alpha, the rate-limiting enzyme for
the long-chain fatty acid synthesis [25]. The other mutation is
a stopgain variant c.A631T, p.Arg211* in DEPTOR gene
(OMIM *612974) encoding DEP domain-containing MTORinteracting protein.
Interestingly, from RNA-seq data, we found a decreased
expression level of ACACA in tumoral rather that in nontumoral tissue. Sequence information was extracted from
RNA-seq to confirm the presence of mutated mRNA and we
found that 81.8% of reads carried the mutated allele pinpointing to a loss of heterozygosity (LOH) effect. The same analysis
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Patient
Age at diagnosis: 77 yr
ACACA : p.R650W
CTSZ : p.V120M
MYH9 : p.Q843P
AVL9 : p.R13fs
DEPTOR : p.R211X
CARS : p.G259S
PSCA : p.W109X
ENO3 : p.YT214X
PARP14 : p.E587fs
CTBP2 : p.R717C
FOXM1 : p.P658L

Healthy sib
Age at sampling: 76 yr
FOXM1 : p.P658L

Fig. 2. Pedigree of the two sib-pairs and representation of
disruptive mutations in cancer-related genes found in the
patient and in her unaffected sib.

revealed a decreased expression level of DEPTOR both in normal and tumoral tissue at mRNA level pinpointing to LOH
effect already present in the surrounding normal tissue.

Discussion
Among 111 potentially deleterious germline variants, 19
mapped in genes that have previously been associated with
cancer of the lung or other tissues (S3 Table). Using the discordant-sib pair design, we confirmed the presence of an oligogenic signature present in the patient’s genetic background [5]. In fact, only one out of 11 cancer-related variants
was also found in the healthy sib. For all the 11 variants,
RNA-seq data reinforced the pathogenic role showing three
different effects on the expression levels of harboring gene:
three genes (ACACA, CTSZ, MYH9) showed a possible “second hit” in tumor suppressor genes responsible for gene
inactivation; three genes (AVL9, DEPTOR, CARS) showed a
possible transcript instability occurring in both tumoral and
normal mutation-bearing tissues; five genes (PSCA, ENO3,
PARP14, CTBP2, FOXM1) were upregulated in lung cancer
tissue confirming previous published results and suggesting
their role as oncogene. No mutations or gene expression
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alteration in genes belonging to the Hedgehog pathway,
mainly involved in basal cell carcinoma development, were
found in our case.
The oligogenic combination of cancer predisposing genes
found in our patient supports the model of “private genetic
epidemiology” for lung cancer susceptibility [5]. In fact, we
found that 11 cancer-related genes were mutated in the
patient and only one in healthy sib (Fig. 2), suggesting that
the oligogenic control of lung cancer susceptibility is due to
a peculiar signature of multiple germline mutations in cancer-related genes probably with a dosage effect. This personal signature may play a role in the development and
growth of lung cancer and, therefore explain the non-hereditability of the condition, especially in non-smokers patients.
Focusing our analysis on genes that have already been
reported in association with known druggable target genes—
and likely having a major role in driving tumor development
in our case—, we identified two possible suitable targets.
Acetyl-CoA carboxylase alpha (ACACA) is a key enzyme in
de novo lipogenesis catalyzing the carboxylation of acetylCoA to malonyl-CoA. ACACA is known to be one of the
major BRCA1-interacting protein [11]. Cancer cells strongly
need to de novo synthesize fatty acid for membrane and
energy production [26] and interaction between ACACA and
BRCA1 is likely to be important for BRCA1-mediated tumor
suppressor activity [27]. BRCA1 indeed binds the phosphorylated and inactive form of ACACA and this interaction
blocks ACACA activity by preventing its dephosphorylation
[27]. The identified variant c.C1948T, p.Arg650Trp is outside
the catalytic domain but may have a role in folding of
domain conformation determining a different exposure for
BRCA1 binding. Based on the evidence that in our tumoral
tissue only the mutated transcript is present, we can assume
that, even if protein level is decreased, the isoform loses negative control by BRCA1 and remains active. In this case,
patient could potentially benefit from a therapy with
ACACA inhibitors such as miR-195 [28] or soraphen A [29]
(Fig. 3A).
The second druggable variant maps in DEPTOR gene,
whose loss determines the activation of mammalian target
of rapamycin (mTOR) cascade and promotes cell growth and
survival. It is known that DEPTOR mainly acts as a tumor
suppressor [17,30]. A recent study in lung cancer demonstrated that activation of EGFR signaling resulted in downregulation of DEPTOR expression. In the same study, tumor
progression mediated by EGFR ectopic expression was diminished by transfection with DEPTOR in lung adenocarcinoma cell lines and that treatment with gefitinib, an EGFR
tyrosine kinase inhibitor, stimulated DEPTOR expression
leading to a significantly decreased cell proliferation, migration and invasion [18]. In line with these results, we observed
an increased expression level of DEPTOR in normal and
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Fig. 3. Likely personal germline driver genes in present case and possible therapeutic options. ACACA (A) and DEPTOR (B)
pathway involvement. ACACA, acetyl-CoA carboxylase alpha; EGFR, epidermal growth factor receptor; PI3K, phosphoinositide 3-kinase; mTOR, mammalian target of rapamycin.

tumoral tissue, suggesting an enhanced predisposition of
activation of mTOR signaling and thus a promotion of tumor
progression (Fig. 3B). These results suggested the possibility
to use gefitinib in our patient in order to restore DEPTOR
level and consequently suppress cell growth and survival.
In summary, we suggest that both “primary” SQCC are
triggered by the presence of an oligogenic germline signature
consisting of at least 11 mutations, among which two lead to
the activation of mTOR and BRCA1. Thus, this finding opens
up the possibility of treating one of them with an already
commercially available drug and the other with developing
molecules.
This study has a number of limitations. First, alterations in
non-coding regions and copy number variants would have
been missed by our approach. Another limitation is that we
focused only on cancer-associated genes, but we cannot
exclude that non-cancer genes, in particular those involved
in immune system or drug metabolism, could play a role in

cancer development. Finally, additional functional studies
will be required to translate our results into effective personalized therapy.
The present report provides evidence that an “omic”
sequencing approach in cancer patient is feasible, and could
impact on treatment decisions, namely in patients not suitable for conventional therapy. In the present era of “precision
medicine”, our study demonstrates the utility of applying
this comprehensive sequencing protocol in order to effectively identify possible therapeutic targets enabling personalized therapies.
Electronic Supplementary Material
Supplementary materials are available at Cancer Research and
Treatment website (http://www.e-crt.org).
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Purpose
Advanced hepatocellular carcinoma (HCC) is associated with various clinical conditions
including major vessel invasion, metastasis, and poor performance status. The aim of this
study was to establish a prognostic scoring system and to propose a sub-classification of
the Barcelona-Clinic Liver Cancer (BCLC) stage C.
Materials and Methods
This retrospective study included consecutive patients who received sorafenib for BCLC stage
C HCC at a single tertiary hospital in Korea. A Cox proportional hazard model was used to
develop a scoring system, and internal validation was performed by a 5-fold cross-validation.
The performance of the model in predicting risk was assessed by the area under the curve
and the Hosmer-Lemeshow test.
Results
A total of 612 BCLC stage C HCC patients were sub- classified into strata depending on their
performance status. Five independent prognostic factors (Child-Pugh score, -fetoprotein,
tumor type, extrahepatic metastasis, and portal vein invasion) were identified and used in
the prognostic scoring system. This scoring system showed good discrimination (area under
the receiver operating characteristic curve, 0.734 to 0.818) and calibration functions (both
p < 0.05 by the Hosmer-Lemeshow test at 1 month and 12 months, respectively). The differences in survival among the different risk groups classified by the total score were significant (p < 0.001 by the log-rank test in both the Eastern Cooperative Oncology Group 0
and 1 strata).
Conclusion
The heterogeneity of patients with BCLC stage C HCC requires sub-classification of advanced
HCC. A prognostic scoring system with five independent factors is useful in predicting the
survival of patients with BCLC stage C HCC.
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Introduction

Table 1. Baseline characteristics
Characteristic

Hepatocellular carcinoma (HCC) is the sixth most common
cancer and has the second cancer–related death rate worldwide [1]. In most cases, HCC develops in patients with
underlying chronic liver disease such as cirrhosis and hepatitis B or C virus infection [2,3]. To reduce the mortality from
HCC, a surveillance program applied in patients at high risk
for developing HCC [4]. However, more than half of all HCC
patients are diagnosed at an unresectable stage, which time
there are limited treatment options and a low chance of cure
[5,6]. The international clinical practice guidelines have
endorsed the Barcelona Clinic Liver Cancer (BCLC) staging
system for HCC classification and treatment strategy [7-9].
However, most HCC patients present with BCLC stage C at
the time of diagnosis [1]. According to current guidelines,
sorafenib is the only proven systemic treatment option for
improving the overall survival of patients with BCLC stage
C HCC. However, sorafenib provides only a modest survival
benefit of 2 to 3 months compared to placebo [10].
BCLC stage C HCC encompasses heterogenous subgroups
that show differences in vascular invasion, extrahepatic
spread and performance status. Moreover, BCLC stage C
HCC includes various tumor types such as nodular, monofocal, or infiltrating tumors, and is thus, associated with wide
differences in treatment responses and survival. Therefore,
sub-classification of BCLC C is required to predict the precise
prognosis and offer more effective therapeutic strategies [11].
For example, the Hong Kong Liver Cancer system, which
was recently developed based on Asian patients, recommend
surgical resection for a subgroup of BCLC C HCC patients
[12]. Therefore, the aims of this study was to refine a prognostic scoring system using independent factors as well as to
propose a sub-classification for BCLC stage C HCC based on
a large cohort.

Materials and Methods
1. Study population
This retrospective study included consecutive patients
who received sorafenib for BCLC stage C HCC between January 2008 and December 2014 at a single tertiary hospital
(Seoul National University Hospital, Seoul, Korea). The
diagnosis of HCC was based on noninvasive criteria or
pathologic examination according to the guidelines of the
American Association for the Study of Liver Disease or
European Association for the Study of the Liver [7,8].

Age, mean±SD (yr)
Log(AFP), mean±SD
Sex
Male
Female
Etiology
HBV
HCV
Alcohol
Other
Child-Pugh class
A
B
C
Tumor type
Nodular
Infiltrative
ECOG PS
0
1
PV invasion
No
Yes
Metastasis
No
Yes

No. (%) (n=612)
60.4±10.9
5.6±3.5
515 (84.2)
97 (15.8)
490 (80.0)
43 (7.0)
32 (5.2)
47 (7.7)
463 (75.7)
128 (20.9)
21 (3.4)
498 (81.4)
114 (18.6)
443 (72.4)
169 (27.6)
359 (58.7)
253 (41.3)
160 (26.1)
452 (73.9)

SD, standard deviation; AFP, -fetoprotein; HBV, hepatitis
B virus; HCV, hepatitis C virus; ECOG PS, Eastern Cooperative Oncology Group performance status; PV, portal vein.

The baseline information, including demographic profiles,
laboratory findings and the etiology of liver disease was
obtained at the time of HCC diagnosis. Radiologic images
were reviewed by two independent radiologists (J.M.L. and
D.H.L.) with > 10 years of experience, who were unaware of
the clinical information of the study patients. In cases of discordance, a third independent and experienced radiologist
reviewed the images and a consensus was achieved among
the three radiologists. The study was approved by the Institutional Review Board of the Seoul National University Hospital; the requirement for informed consent was waived.
2. Statistical analysis
The primary endpoint was overall survival which was
measured from the date of the first sorafenib treatment to the
date of death from any cause. Death registration data from
the Korea National Statistical Office were used. The censored
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Table 2. Multivariate analysis of prognostic factors related to survival
Child-Pugh score
Log(AFP)
Infiltrative tumor
PV invasion
Metastasis

Coefficient

HR

95% CI

p-value

0.301
0.107
0.509
0.160
0.114

1.352
1.113
1.664
1.174
1.121

1.266-1.444
1.082-1.145
1.299-2.130
0.930-1.483
0.882-1.424

< 0.001*
< 0.001*
< 0.001*
0.178
0.349

HR, hazard ratio; CI, confidence interval; AFP, -fetoprotein; PV, portal vein. *p < 0.05.

date was defined as last date of follow-up, or data cutoff date
(i.e., 30 November 2016).
We used the Student’s t test to compare continuous variables and the chi-square test or Fisher exact test to compare
categorical variables. We used an analysis of variance to compare continuous variables. The Kaplan-Meier method with
log-rank test was used to compare overall survival between
groups. The Cox proportional hazard model was used to
establish a scoring model for predicting the prognosis of
HCC patients.
To assess the discrimination capacity, we calculated the
area under receiver operating characteristic (AUROC) curves
at each time point. In addition, we conducted internal validation of the scoring system using a 5-fold cross-validation
procedure with the Hosmer-Lemeshow test [13,14].
Statistical analysis was performed using SPSS ver. 19.0
(IBM Corp., Armonk, NY) and R language ver. 3.2.0 (R Foundation for Statistical Computing, Vienna, Austria). p-values
less than 0.05 were considered statistically significant.

Table 3. Scoring system
Risk factor
Child-Pugh score
5-6
7-9
Log(AFP)
0-3
3-6
6-9
>9
Tumor type
Nodular
Diffuse or infiltrative
Portal vein invasion
Absent
Present
Extrahepatic metastasis
Absent
Present
Total points

Point
0
7
0
3
6
10
0
5
0
1
0
1
24

AFP, -fetoprotein.

Results
1. Patients
Among 756 patients who received sorafenib for HCC
between 2008 and 2014, 612 (81.0%) were classified as BCLC
stage C and were included in this study. Baseline characteristics are shown in Table 1. The mean age of the patients was
60.3±10.9 years and 84.2% were male. Approximately threefourths of patients had underlying chronic hepatitis B. Portal
vein invasion, infiltrative tumor type, and extrahepatic metastasis were present in 41.3%, 18.6%, and 73.9% of participants,
respectively. Most patients were heavily treated for HCC
according to the advice of the physician and the preference of
the patient. Among them, 82 patients received sorafenib as a
first line treatment for HCC. The treatment modalities prior to
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sorafenib were as follows: 475 patients with transarterial
chemoembolization, 188 with surgical resection, 101 with
radiofrequency ablation, 82 with percutaneous ethanol injection, 111 with radiotherapy, and 55 with systemic cytotoxic
chemotherapy.
2. Derivation of the prognostic model
Because the proportional hazards assumption was rejected
for the Eastern Cooperative Oncology Group (ECOG) performance status, the ECOG performance status was determined as strata: ECOG 0 or 1. In the multivariate analysis, five
independent prognostic factors (Child-Pugh score, -fetoprotein [AFP], tumor type [nodular vs. diffuse/infiltrative types],

Jeong-Ju Yoo, Sub-classification of Advanced-Stage HCC

Table 4. Results of internal validation at each time point
AUC
p-value of Hosmer-Lemeshow test

1 Month

3 Months

6 Months

12 Months

0.818
0.031*

0.759
0.122

0.738
0.125

0.734
0.002*

AUC, area under time-dependent receiver operating characteristic curve. *p < 0.05.

1 Month

1.0
Observed
Expected

0.8

0.6

Failure rate

Failure rate

0.8

0.4
0.2
0

1

2

4

0.6
0.4

0

5

6 Months

1

2

Observed
Expected

0.8

0.4
0.2

3
Quintile groups

4

5

4

5

12 Months

1.0

Failure rate

Failure rate

3
Quintile groups

0.6

0

Observed
Expected

0.2

1.0
0.8

3 Months

1.0

Observed
Expected

0.6
0.4
0.2

1

2

3
Quintile groups

4

5

0

1

2

3
Quintile groups

Fig. 1. The results of internal validation using 5-fold cross-validation at each time point.

extrahepatic metastasis, and portal vein invasion) were identified (Table 2). The proportional hazards assumption was not
rejected for these five variables utilizing coefficients derived
from multivariable analysis, a point scoring system was

developed (Table 3). The scoring system assigned from 1 to 10
points for the presence of each factor, resulting in a total score
that ranged from 0 to 24.
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A
Low risk (observed)
Intermediate risk (observed)
High risk (observed)
Low risk (expected)
Intermediate risk (expected)
High risk (expected)

Survival rate (%)

80
60
40
20
0

B

100
Low risk (observed)
Intermediate risk (observed)
High risk (observed)
Low risk (expected)
Intermediate risk (expected)
High risk (expected)

80
Survival rate (%)

100

60
40
20

0

No. at risk (mo)
Low
Intermediate
High

20
0
150
180
158

40
60
Time (mo)
1
105
178
151

3
99
161
107

6
83
114
57

0

80
12
56
64
18

24
22
21
6

36
7
10
2

0

10

No. at risk (mo)
Low
Intermediate
High

0
37
71
61

20
1
37
71
54

30
Time (mo)
3
36
50
32

6
30
36
15

40
12
16
18
3

50
24
9
7
-

36
4
2
-

Fig. 2. Kaplan-Meier analysis of the cumulative overall survival rate according to the risk group. (A) Eastern Cooperative
Oncology Group performance status (ECOG PS) 0. (B) EGOG PS 1.

Table 5. Median overall survival in each risk group
Median OS (mo)
ECOG PS 0
Low
Intermediate
High
ECOG PS 1
Low
Intermediate
High

Interquartile range

Hazard ratio

p-value

16.73
9.57
4.50

7.2-30.70
4.67-19.20
2.57-9.13

1
1.622
3.598

< 0.001

11.27
6.30
3.23

7.30-not estimated
2.70-14.17
1.87-4.60

1
2.228
4.685

< 0.001

p-value by log-rank test among three groups. OS, overall survival; ECOG PS, Eastern Cooperative Oncology Group performance status.

3. Validation of the scoring system
We performed the temporal internal validation for the scoring system. As a result, this scoring system showed good discrimination (AUORC, 0.734 to 0.818) (Table 4) and calibration
functions by 5-fold cross-validation (p=0.030 at 1 month and
p=0.002 at 12 months by the Hosmer-Lemeshow test, respectively) (Fig. 1).
According to these results, we classified patients with BCLC
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C HCC into three groups according to their scores: the lowrisk group (< 4 points), intermediate-risk group (4 to 11
points), and high-risk group (> 11 points). The three risk
groups demonstrated significantly different survival rates in
patients with ECOG status of 0 and 1 (both p < 0.001 by the
log-rank test) (Fig. 2). Among patients with ECOG 0, the
median overall survival of the low-, intermediate-, and highrisk groups were 16.7, 9.6, and 4.5 months, respectively.
Among patients with ECOG 1, the median overall survival of
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the low-, intermediate-, and high-risk groups were 11.3, 6.3,
and 3.2 months, respectively (Table 5).

Discussion
We developed a points-based scoring system to predict the
prognosis of BCLC stage C HCC patients who received
sorafenib treatment in the Korean population based on the
five independent variables and stratified by ECOG performance status: the Child-Pugh score, AFP, tumor type, extrahepatic metastasis, and portal vein invasion. Using this
scoring system, BCLC stage C HCC patients can be stratified
into three risk groups, with good discrimination performance and calibration function. To assess its robustness, we
performed internal validation. As a result, the overall survival was hierarchized by our sub-classification. The median
overall survival was 4.5 months in the high risk group while
it was 16.7 months in the low risk group for EGOG 0, suggesting that BCLC C HCC is a heterogeneous group with
markedly different prognosis.
Because the coefficients were differentially weighted to
predict the prognosis among variables such as the ChildPugh score, extrahepatic metastasis and portal vein invasion,
which are components for classifying BCLC stage, it is better
to sub-classify BCLC C HCC than to classify these patients
into the same group. Interestingly, the tumor type, AFP level,
Child-Pugh score and ECOG performance status showed
strong effects on prognosis rather than portal vein invasion
and metastasis and this situation was reflected in our scoring
system. Although the important role of the tumor type on
the prognosis of HCC has been reported [15], the tumor type
has not been adapted as a variable in many staging systems
[16-18]. However, the prognostic implication of the tumor
type was confirmed and reflected in our scoring system. In
addition, the baseline hepatic function defined as the ChildPugh score and tumor biology, defined as the AFP level were
essential for predicting the prognosis of patients with BCLC
C HCC and were included in our scoring system.
Most variables included in our scoring system were similar
to those in previous studies. In the CLIP staging, the ChildPugh score, tumor morphology, AFP level, and portal vein
thrombosis were defined as prognostic factors [19]. A systematic review showed the most robust predictors of HCCrelated death are portal vein thrombosis, tumor size, the AFP
level and Child-Pugh score [20]. Recently, a study performed
in France established a new score system for stratify BCLC
stage C HCC using five independent prognostic values [21].
These five parameters included in the scoring system were
the Child-Pugh score, performance status, AFP level, number

of nodules and infiltrative nature of the tumor. However, the
number of patients with BCLC stage C HCC in the test cohort
was relatively small (n=161) in this previous study [21]. In
contrast, the current study was based on a large cohort of 612
patients treated with sorafenib for BCLC C stage HCC.
The characteristics of the study population are crucial for
identifying a scoring system that can predict prognosis. In
our study, the proportion of infiltrative tumor type was 18%,
as observed in another study [22], while nearly 50% of HCC
cases constituted infiltrative tumors in other studies [21,23].
Infiltrative HCC shows different clinical and radiological features compared to nodular HCC [24], and these features are
difficult to detect, especially in the presence of background
cirrhosis. Infiltrative HCC also carries a worse prognosis
than nodular HCC because of the tumor burden in combination with vascular invasion, the presence of extrahepatic
metastasis, a high serum AFP level and symptoms at presentation [15]. In our scoring system, the infiltrative tumor
type was assigned 5 points, suggesting a critical role for the
tumor type in predicting the prognosis.
Portal vein thrombosis is an important clue diagnosing of
infiltrative HCC with a high association of up to 68%-100%
[25]. Portal vein thrombosis may develop as a primary feature of infiltrative HCC [26]. In autopsy series, it was
reported that up to 44% of HCC cases have portal vein
thrombosis [27]. In our study, 41% of the patients showed
portal vein invasion, and the presence of portal vein invasion
achieved 1 point in the scoring system. A recent study
reported that HCC patients with portal vein thrombosis have
heterogeneous prognosis with respect to the serum AFP levels [28], indicating that portal vein invasion is a comprehensive variable that can be influenced by multiple factors
instead of a single, simple variable.
The prognostic and diagnostic value of AFP is well known
in HCC patients [17,18]. Poor differentiation, vascular invasion, and a large tumor size have significant associations
with high AFP levels [29]. A recent study proposed the
incorporation of AFP into the sub-classification of BCLC C
stage HCC patients, suggesting AFP may serve as a potential
sub-classification factor [30]. In our scoring system, the AFP
level was scored from 0 to 10 points and our results confirming AFP as a marker for predicting the prognosis of BCLC
stage C HCC.
There are several potential limitations in this study. First,
the patients in the study underwent treatment with multiple
modalities prior to sorafenib treatment. However, to minimize potential bias, we only selected patients who were
treated with sorafenib, which is the currently recommended
treatment option in patients with BCLC stage C HCC. Second, we investigated patients at a single institution and did
not perform external validation. Thus, an external validation
study performed at multiple facilities is needed to confirm
VOLUME 50 NUMBER 2 APRIL 2018
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our scoring system.
In conclusion, the heterogeneity of BCLC stage C HCC
patients indicates the need for the sub-classification of
advanced HCC. The prognostic scoring system described
herein incorporates five independent factors and is useful for
predicting the survival of patients with BCLC stage C HCC.
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Purpose
In this nationwide 5-year longitudinal population-based study, we aimed at investigating the
incidence of lung cancer among patients with interstitial lung disease.
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Materials and Methods
Data was collected from the Korean National Health Insurance Research Database from
49,773,195 Korean residents in 2009. Thirteen thousand six hundred and sixty-six patients
with interstitial lung disease diagnosed January-December 2009. The end of follow-up was
June 30, 2014. Up to four matching chronic obstructive pulmonary disease controls were
selected to compare the lung cancer high-risk group based on age, sex, diagnosis date (within
30 days), and hospital size. The number of patients with newly developed lung cancer was
determined.
Results
The incidences of lung cancer were 126.98, 156.62, and 370.38 cases per 10,000 person-years (2,732, 809, and 967 cases of cancer, respectively) in the chronic obstructive
pulmonary disease, interstitial lung disease, and chronic obstructive pulmonary disease
with interstitial lung disease groups, respectively. Of the 879 patients with idiopathic pulmonary fibrosis, 112 developed lung cancer (incidence, 381.00 cases per 10,000 personyears).
Conclusion
Incidence of lung cancer among patients with interstitial lung disease was high. Interstitial
lung diseases have a high potential for developing into lung cancer, even when concurrent
with chronic obstructive pulmonary disease.

Introduction
Interstitial lung disease (ILD) is characterized continuous
accumulation and rapid proliferation of differentiated fibroblasts in regions of repeated epithelial injury along with
increased resistance to apoptosis [1]. Repetitive inflammation
can lead to multiple genetic alterations affecting cellular
growth, differentiation, and survival, including mutation of
tumour suppressor genes (e.g., p53), activation of oncogenes,
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and transformation of apoptotic genes [2]. Idiopathic pulmonary fibrosis (IPF) and lung cancer exhibit similar aberrant tissue repair responses in relation to injury [3] as well as
fibroblast behaviour [4].
While the findings of previous studies indicating a high
prevalence of lung cancer among patients with IPF [5-9] support a fibrosis–cancer association, they only reflect an association between IPF and cancer, and not a causal relationship.
A cohort study demonstrated that the cumulative incidence
of lung cancer in patients with IPF increases over time [10].
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Therefore, we suspected that ILD developing from a fibrosis
background would demonstrate similar clinical characteristics as IPF in relation to lung cancer.
To identify a meaningful number of patients with lung
cancer from among those with orphan ILD, it is necessary to
deal with large-scale epidemiologic data, such as those
included in a national insurance database. Korea has only
one health insurance system—the National Health Insurance
(NHI) service. Therefore, evaluation of a large number of
patients with ILD included in the NHI database, along with
their follow-up data, would allow us to investigate the relationship between ILD and lung cancer.
To test our hypothesis that ILD would exhibit a greater
potential for developing into lung cancer than chronic
obstructive pulmonary disease (COPD), we investigated the
incidence of lung cancer as a surrogate endpoint of lung
fibrosis, which might be a major characteristic of ILD.

Materials and Methods
1. Study subjects
This retrospective cohort study included data collected
from the NHI system. Since each citizen in Korea has a
unique resident registration number, data duplication is
avoided. The NHI service—the only public insurance system
operated by the Ministry of Health and Welfare in Korea
[11,12]—is compulsory and covers the entire population,
without exceptions for seasonal or part-time workers or
unemployed persons.
This study adhered to the Declaration of Helsinki. The
present study was approved by the Institutional Review
Board of Keimyung University Dongsan Hospital, Keimyung University School of Medicine (2015-05-006). The
need for written informed consent was waived.
2. Case identification
According to the National Statistical Office of Korea, the
mid-year population size of people  40 years of age in 2009
was 22,280,691. Individuals from the whole population ( 40
years) and patients with COPD were selected as control subjects. Patients with ILD and COPD between January and
December 2009 were enrolled.
Selection was performed automatically by a computer program developed by one of the authors using the SAS ver. 9
(SAS Institute Inc., Cary, NC). The International Classification of Diseases, 10th revision (ICD-10) is used as a key reference not only in disease diagnosis but also within the NHI

database.
All of the cases and controls were identified between January and December 2009, and were followed up until June
2014. The diagnostic codes of lung cancer cases diagnosed
before 2009 are maintained on the NHI database. New lung
cancer cases were identified by counting new cases registered during the calendar year excluding preexisting lung
cancers. We counted newly developed lung cancer cases after
one month of recruiting ILD and COPD cases to exclude
cases simultaneously diagnosed as both ILD and lung cancer.
3. Definition of ILD
Based on the ICD-10 definition, ILD was defined by the
code J84 for other ILD, excluding drug-induced ILDs, interstitial emphysema, and lung diseases caused by external
agents. In order to select ILD without specific related diseases, connective tissue disease-related ILD, hypersensitivity
pneumonitis, and sarcoidosis were not included in the present cohort. The code J84.1 was used to define ILD with fibrosis, excluding chronic pulmonary fibrosis due to inhalation
of chemicals, gases, fumes, or vapours or that occurring following radiation therapy during the study period (Fig. 1).
Patients identified with both codes (J84.9 and J84.1) were
classified under J84.1.
The Korean NHI service introduced a specific code, J84.1A,
for IPF, which has been implemented since 2009. When a
patient is registered under this code, the physician is
required to submit the necessary eligibility documents to the
NHI service.
4. General population and patients with COPD as control
subjects
Because COPD mostly develops as a result of cigarette
smoking, patients with COPD classified under codes J43 and
J44 were included as control subjects in order to assess the
effect of smoking on development of lung cancer. Since the
NHI database does not include data regarding smoking history, COPD was considered a surrogate for smoking in the
present study.
Of the 567,652 patients diagnosed with COPD between
January and December 2009, 11,256 were excluded for having simultaneous ILD. For every patient with ILD, up to four
control subjects with COPD, matched for age (within 1 year),
sex, initiation date (within 30 days), and hospital size, were
included. Index dates for control subjects were defined by
those of the corresponding matched test subjects. Patients
with simultaneous COPD and ILD (COPD+ILD group) were
distinguished from those with COPD alone; patient selection
for these two groups was performed by the same selection
algorithm as that applied for the ILD group (Fig. 1). From
VOLUME 50 NUMBER 2 APRIL 2018
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A
A total of 30,578 cases of ICD-10 codes (J84, J84.1,
J84.8, J84.9) during Jan 2009 and Dec 2009
Cases were not included due to overlapped with COPD (n=11,256)
Cases were excluded due to less than 40 years old (n=1,647)
Cases were excluded due to exclusion ICD-10 diagnostic codes
(J60-J70, J840, D86) during whole study periods (n=150)
Cases were excluded due to connective tissue disorders and vasculitis
during whole study periods (n=2,615)
Cases were excluded due to lung cancer diagnosis before index date (n=267)
Cases were excluded due to lung cancer diagnosis within 30 days
after index date (n=977)
Cases were included in the study (n=13,666)

Cases were classified as idiopathic pulmonary
fibrosis (n=879)

B
A total of 567,652 cases of ICD-10 codes (J43, J44.0,
J44.1, J44.8, J44.9) during Jan 2009 and Dec 2009
Cases were not included due to overlapped with ILD (n=11,256)

Cases were classified as COPD with ILD (≥ 40 years old) (n=8,012)

Cases were excluded due to less than 40 years old (n=32,035)
Cases were excluded due to lung cancer diagnosis before index date (n=8,535)
Cases were excluded due to lung cancer diagnosis within 30 days after index
date (n=19,188)
For each ILD case, up to four COPD control cases matched for age
(within 1 year), sex, initiation date (within 30 days), and hospital size
Cases (COPD matching control) were included in
the study (n=54,640)

Fig. 1. Flow chart of the study. Patient selection flow chart for interstitial lung disease (ILD) (A) and chronic obstructive
pulmonary disease (COPD) (B). ICD-10, International Classification of Disease, 10th revision.
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Table 1. Demographic and clinical characteristics of patients with ILD, COPD (matching control), IPF, COPD with ILD, and
general population
Characteristic
Sex
Male
Female
Age (yr)
Median (Q1-Q3)
40-49
50-59
60-69
70-79
 80
Other baseline cormobidities
Malignancy (C00-C97) except
lung cancer (C34)
Diabetes (E10-E14)
Chronic renal failure (N17-N19)
Hypertension (I10)
Previous thromboembolism
(I80.2, I80.3, I26, I26.0, I26.9, I81,
I82, I82.0, I82.8, I82.9)
Previous myocardial infarction
(I21, I22, I23, I25.2)

General
population
(n=343,684)

ILD
(n=13,666)

COPD
(matching control,
n=54,640)

IPF (n=879)

58,275 (46.0)
85,409 (53.9)

7,524 (55.0)
6,142 (45.0)

30,089 (55.0)
24,551 (45.0)

555 (63.1)
324 (46.9)

5,699 (71.1)
2313 (28.9)

53 (48-63)
140,940 (41.0)
88,883 (25.8)
69,604 (20.2)
33,520 (9.7)
10,737 (3.1)

66 (56-74)
1,707 (12.5)
2,830 (20.7)
3,829 (28.0)
3,765 (27.6)
1,535 (11.2)

66 (56-74)
6,421 (11.7)
10,900 (19.9)
15,557 (28.4)
15,553 (28.4)
6,209 (11.3)

68 (61-74)
40 (4.6)
151 (17.2)
294 (33.4)
319 (36.3)
75 (8.5)

71 (64-77)
292 (3.6)
972 (12.1)
2,410 (30.1)
3,112 (38.8)
1,226 (15.3)

9,543 (2.7)

791 (2.8)

4,134 (7.6)

24 (2.7)

591 (7.4)

39,485 (11.4)
1,679 (0.5)
69,290 (20.1)
470 (0.1)

2,709 (19.8)
255 (1.9)
4,372 (32.0)
63 (0.5)

10,162 (18.6)
884 (1.6)
18,414 (33.7)
276 (0.5)

157 (17.9)
8 (0.9)
202 (23.0)
1 (0.1)

1,950 (24.3)
175 (2.2)
3,021 (37.7)
70 (0.9)

2,659 (0.8)

222 (1.6)

9 (1.0)

246 (3.1)

931 (1.7)

COPD
with ILD
(n=8,012)

Values are presented as number (%) unless otherwise indicated. Summarized based on the diagnosis at the top of the lists of
International Statistical Classification of Diseases and Related Health Problems, 10th edition (ICD-10) codes of respiratory
diseases. ILD, interstitial lung disease; COPD, chronic obstructive pulmonary disease; IPF, idiopathic pulmonary fibrosis.

among the 11,256 patients with concomitant COPD and ILD,
8,012 were included in the present study.
In order to determine the baseline incidence of lung cancer
in Korea, incidence of lung cancer during the study period
was calculated in a random sample (n=343,684) derived from
the general population ( 40 years of age) provided by NHI,
accounting for approximately 2.2% of the entire population
[13].
5. Data validation
For a patient to be registered as having lung cancer (C34)
and be eligible for subsidized care, physicians are required
to submit the necessary documents to the Health Insurance
Review and Assessment (HIRA) database. All patients with
cancer are registered in a separate national cancer database
maintained by the National Cancer Center and strictly validated before final registration. Patients who change their
lung cancer diagnosis status are excluded from the cancer
registry.

6. Statistical analysis
Incidence rates of lung cancer per 10,000 person-years and
the corresponding 95% confidence intervals were calculated
for patients with ILD and COPD with and without ILD
according to age group [14]. Incidence rates were compared
with relative risk of lung cancer among different age groups,
with the 50- to 59-year-old group of patients as reference.
Kaplan-Meier curves were used to compare incidences of
lung cancer among patients with ILD, IPF and COPD with
and without ILD. The Kaplan-Meier curve for incidence of
lung cancer in the general population ( 40 years of age) was
calculated for comparison. All analyses were performed
using SAS ver. 9.
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Table 2. Age distribution of lung cancer incidence per 10,000 person-years in general population and patients with ILD,
IPF, COPD (matching control), COPD with ILD

General population (yr)
40-49
50-59
60-69
70-79
 80
Total
ILD (yr)
0-49
50-59
60-69
70-79
 80
Total
COPD (yr)
40-49
50-59
60-69
70-79
 80
Total
IPF (yr)
40-49
50-59
60-69
70-79
 80
Total
COPD with ILD (yr)
40-49
50-59
60-69
70-79
 80
Total

No.

No. of lung
cancer cases

Person-years
of follow-up

Incidence

95% CI

140,940
88,883
69,604
33,520
10,737
343,684

567
878
1,375
1,104
368
4,292

685,094
444,041
346,584
157,990
41,778
1,675,489

8.28
19.77
39.67
69.88
88.08
25.62

16.05-18.93
39.42-45.00
84.79-94.25
179.96-202.53
259.48-318.53
55.05-58.45

1,707
2,830
3,829
3,765
1,535
13,666

30
111
262
303
103
809

7,086
11,701
15,069
13,343
4,452
51,652

42.34
94.86
173.86
227.09
231.33
156.62

27.19-57.49
77.21-112.51
152.81-194.92
201.52-252.66
186.66-276.01
145.83-167.42

6,421
10,900
15,557
15,553
6,209
54,640

100
331
822
1,123
356
2,732

26,816
45,923
64,015
58,909
19,483
215,146

37.29
72.08
128.41
190.63
182.73
126.98

29.98-44.60
64.31-79.84
119.63-137.18
179.48-201.78
163.74-201.71
122.22-131.75

40
151
294
319
75
879

2
16
42
45
7
112

157
584
1,018
963
217
2,940

127.25
273.82
412.71
467.21
322.14
381.00

0.00-303.60
139.65-408.00
287.89-537.53
330.70-603.72
83.49-560.78
310.44-451.56

292
972
2,410
3,112
1,226
8,012

12
90
303
420
142
967

1,136
3,686
8,587
9,676
3,024
26,109

105.64
244.19
352.84
434.06
469.64
370.38

45.87-165.41
193.74-294.64
313.11-392.57
392.55-475.57
392.40-546.89
347.03-393.72

ILD, interstitial lung disease; IPF, idiopathic pulmonary fibrosis; COPD, chronic obstructive pulmonary disease; CI, confidence
interval.

Results

of patients with ILD and 18.6% of COPD controls had diabetes
(Table 1).

1. Patients with ILD and control subjects

2. Incidence of lung cancer among patients with ILD and
COPD

A total of 55% of patients with ILD and COPD controls were
men. The median ages of the patients with ILD and those of
the COPD controls were 68 years. Nineteen point eight percent
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Frequency of lung cancer among the different groups varied
according to the definition of ILD (Table 2).

Won-Il Choi, Interstitial Lung Disease and Lung Cancer

0.4

0.3
Probability

While patients with ILD exhibited 156.62 cases per 10,000
person-years incidence of lung cancer, those with IPF showed
381.00 cases per 10,000 person-years (Fig. 2). The incidence of
lung cancer increased according to age within each definition
of ILD, with the exception of IPF, in which, the incidence of
lung cancer decreased after 70-79 years of age.
The Kaplan-Meier curves demonstrated that the increase in
incidence of lung cancer among patients with ILD was greater
compared to that among patients with COPD without or with
ILD (Fig. 2).
Incidence of lung cancer among patients with COPD without ILD (126.98 cases per 10,000 person-years) was lower compared to that among patients with ILD (156.62 cases per 10,000
person-years) (Table 2). However, the incidence of lung cancer
among patients with concomitant COPD and ILD (370.38 cases
per 10,000 person-years) was nearly 3 times that among
patients with COPD alone (Table 2). The Kaplan-Meier curves
demonstrated that patients with concomitant COPD and ILD
exhibited the greatest potential for developing lung cancer
over the follow-up period, which corresponded with the findings of the IPF group (Fig. 2).
Standard incidence ratios for lung cancer in the ILD, COPD,

General population
ILD
COPD
IPF
COPD with ILD

0.2

0.1

0

0

6

12

18

24 30 36
Time (mo)

42

48

54

60

Fig. 2. Cumulative incidence curve of lung cancer by
Kaplan-Meier analysis. General population (blue line),
ILD (red line), COPD (green line), IPF (orange line), and
COPD with ILD (gray line). ILD, interstitial lung disease;
COPD, chronic obstructive pulmonary disease; IPF, idiopathic pulmonary fibrosis.

Table 3. Incidence rates (per 10,000) and RRs for lung cancer in interstitial lung diseases and COPD by age compared to
general population
Age group
(yr)
40-49
50-59
60-69
70-79
 80
Total

General
population

ILD

RR (95% CI)

COPD

RR (95% CI)

8.28
19.77
39.67
69.88
88.08
25.62

42.34
94.86
173.86
227.09
231.33
156.62

5.11 (3.54-7.38)
4.80 (3.94-5.85)
4.38 (3.84-5.00)
3.25 (2.86-3.69)
2.63 (2.11-3.27)
6.11 (5.67-6.59)

37.29
72.08
128.41
190.63
182.73
126.98

4.50 (3.64-5.57)
3.65 (3.21-4.14)
3.24 (2.97-3.53)
2.73 (2.51-2.96)
2.07 (1.79-2.40)
4.96 (4.72-5.20)

RR, relative risk; COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease; CI, confidence interval.

Table 4. Incidence rates (per 10,000) and RR for lung cancer in interstitial lung diseases compared to COPD
Age group (yr)

COPD

ILD

RR (95% CI)

40-49
50-59
60-69
70-79
 80
Total

37.29
72.08
128.41
190.63
182.73
126.98

42.34
94.86
173.86
227.09
231.33
156.62

1.14 (0.76-1.71)
1.32 (1.06-1.63)
1.35 (1.18-1.56)
1.19 (1.05-1.35)
1.27 (1.02-1.58)
1.23 (1.14-1.33)

RR, relative risk; COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease; CI, confidence interval.
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IPF, and COPD with ILD groups relative to that among the
general population were 3.6, 2.8, 8.0, and 7.0, respectively
(Table 3).
Regardless of age, the relative risk of lung cancer among
patients with ILD was greater compared to that among
patients with COPD alone (Table 4).

Discussion
In the present study, incidence of lung cancer among
patients with ILD was found to be 1.2 times that among
patients with COPD. Incidences of lung cancer among
patients with concomitant COPD with ILD and IPF were 2.9
and 2.4 times those among patients with COPD alone and
ILD, respectively. These findings demonstrate that ILD have
a high potential for the development of lung cancer. The
greater incidence of lung cancer among patients with concomitant COPD with ILD in comparison with that among
patients with COPD alone suggests that ILD might contribute to the development of lung cancer.
In Korea, the proportion of smokers among patients with
COPD (68%) [15] is comparable to that among patients with
IPF (64%) [16]. Although it is not appropriate to directly compare these values with the present findings, these data suggest that IPF might have a relatively high potential for
progressing to lung cancer.
In a U.S. lung cancer screening trial, the 5-year cumulative
incidence of lung cancer among former/current smokers
with a smoking history of over 30 pack-years was found to
be approximately 64.5 per 10,000 person-years [17]. Among
patients with COPD, the incidence of cancer among a mean
58-pack-year smoker cohort was 167 cases per 10,000 personyears [18]. In the present study, over a follow-up period of
approximately 5 years, the incidences of lung cancer among
patients with ILD and IPF were 156 and 381 per 10,000 person-years, respectively. The incidence of lung cancer among
patients with ILD in the present study was 2 times that
reported among the 30-pack-year smoker cohort in the U.S.
lung cancer screening and similar to that reported among the
58-pack-year smoker cohort of patients with COPD. The
median age of COPD in the present study was 66, which is
similar to COPD cohort study [18]. We hope that these findings encourage future screening studies among patients with
ILD to ensure early detection of lung cancer, thus eventually
decreasing the mortality rate.
In the present study, patients with COPD alone developed
lung cancer at a rate of 126 per 10,000 person-years, while the
corresponding value among patients with concomitant
COPD and ILD was 370 per 10,000 person-years—an almost
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3-fold higher chance of developing lung cancer in comparison with that in patients with COPD alone. In a cohort study
of smokers, interstitial lung abnormalities, accompanied by
reduced total lung capacity, were observed in 12.5% of participants [19]. In the COPD cohort study, lung cancer diagnosis exhibited a greater association with decline in diffusion
capacity than with decline in lung volume [18]. In patients
with combined pulmonary fibrosis and emphysema (CPFE),
cancer arises in fibrotic areas rather than emphysematous
spaces [20,21]. The risk of lung cancer among patients with
CPFE and IPF was reported to be comparable and greater in
comparison with that among patients with emphysema [22].
Since CPFE is now considered a distinctive disease entity
[23], it is important to evaluate the incidence of lung fibrosis
among patients with COPD in relation to lung cancer diagnosis. Taken together, these findings suggest that fibrosis—
regardless of whether the diagnosis is based on computed
tomography findings, lung volume or diffusion capacity, or
diagnostic codes—might contribute to development of lung
cancer.
The most important limitation of this study is that, because
the HIRA database does not include data regarding smoking
history, we could not control for the confounding effects of
smoking on development of lung cancer. We did not take
into consideration of some potential co-morbidities that may
influence on the incidence of lung cancer. However, we compared the incidence of lung cancer between patients with ILD
and COPD, for which smoking is a major contributor.
Another limitation of the present study is that the diagnoses of ILD and other co-morbidities were defined based
on ICD codes, which may be inaccurate compared with the
diagnoses obtained from a medical chart, and underreporting of asymptomatic ILD or misclassification was also possible. This database of national insurance claim data does not
have identification numbers. Therefore, it was impossible to
validate individual cases through a chart review. We may
have underestimated the ILD incidence because of inaccurate
ILD data. However, the prevalence rate of ILD (> 40 years)
in the present study was 61.3 cases per 100,000 per year,
which is quite a similar to the previous ILD prevalence study
[24] as well as broad definition of ILD with fibrosis when age
is adjusted [25].
The present study may be affected by selection bias
because the controls were also identified based on medical
claims. Thus, the controls were more likely to have comorbidities than controls selected from the general population.
Although we excluded patients with a diagnosis of lung cancer before and 1 month after index date, patients with lung
cancer could be miscounted as new cases in the early period
of cohort. In addition, other risk factors, such as pulmonary
function and high-resolution computed tomography findings for ILD, could not be evaluated because of the NHI pri-
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marily included medical claims.
ILD has a significant relationship with lung cancer, even
in patients with underlying COPD. Greater attention must
be paid to the possibility of development of lung cancer in
patients with ILD.
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Effect of Necrosis on the miRNA-mRNA Regulatory Network in CRT-MG
Human Astroglioma Cells

Purpose
Glioblastoma multiforme (GBM) is the most common adult primary intracranial tumor. The
remarkable features of GBM include central necrosis. MicroRNAs (miRNAs) have been considered as diagnostic/prognostic biomarkers for many cancers, including glioblastoma.
However, the effect of necrosis on the miRNA expression profile and predicted miRNA-mRNA
regulatory information remain unclear. The purpose of this study is to examine the effect of
necrotic cells on the modulation of miRNA and mRNA expression profiles and miRNA-mRNA
network in CRT-MG cells.
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Materials and Methods
We used human astroglioma cells, CRT-MG, treated with necrotic CRT-MG cells to examine
the effect of necrosis on the modulation of miRNA and mRNA by next-generation sequencing.
For preparation of necrotic cells, CRT-MG cells were frozen and thawed through cycle of liquid
nitrogen–water bath. The putative miRNA-mRNA regulatory relationship was inferred through
target information, using miRDB.
Results
The necrotic cells induced dysregulation of 106 miRNAs and 887 mRNAs. Among them, 11
miRNAs that had a negative correlation value of p < 0.05 by the hypergeometric test were
screened, and their target mRNAs were analyzed by Gene Ontology enrichment analysis.
Using the Kyoto Encyclopedia of Genes and Genomes database, we also found several
necrotic cell treatment-activated pathways that were modulated by relevant gene targets
of differentially expressed miRNAs.
Conclusion
Our result demonstrated that dysregulation of miRNA and mRNA expression profiles occurs
when GBM cells are exposed to necrotic cells, suggesting that several miRNAs may have
the potential to be used as biomarkers for predicting GBM progression and pathogenesis.

Introduction
Grade IV astrocytoma, also called glioblastoma multiforme
(GBM), is considered the most aggressive and malignant
form of glial tumors [1]. The remarkable features of GBM
include diffused infiltration into normal brain parenchyma,
local invasion, angiogenesis, and the presence of necrotic tissues [2,3]. Results obtained from clinical studies show that
necrosis has an overall negative impact on patient survival
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and is linked to a poor prognosis [4]. Our group has demonstrated that necrosis enhances glioblastoma cell migration
and invasion [5]. Despite extensive treatments, including surgery, radiotherapy, chemotherapy, immunotherapy, and
symptomatic therapy, the median survival for patients with
GBM is 12-15 months [6]. Because of the poor overall patient
survival, the search for new molecular targets and prognostic
indicators is of particular interest in GBM research.
A microRNA (miRNA) is a noncoding, interfering RNA
with a length of approximately 22-25 nucleotides. It is capa-
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ble of binding to the 3 untranslated region of its target
mRNA, resulting in mRNA cleavage and negative post-transcriptional regulation of target gene expression [7]. The
decrease of suppressive miRNAs on oncogenes and the
increase of inhibitory miRNAs on tumor suppressors control
gene expression and play specific roles in cancer cell predisposition and initiation, proliferation, invasion, angiogenesis,
inflammation, and metastasis in breast cancer, prostate cancer, nasopharyngeal carcinoma, and glioblastoma [8-12].
Therefore, miRNAs are considered prognostic indicators and
potential alternative therapeutic targets for many cancers,
including glioblastoma [13-15].
Dysregulation of miRNAs is frequently observed in
patients with GBM [16]. Previous studies have demonstrated
that numerous miRNAs play a role in both the tumorigenesis
and recurrence of GBM through their modulation of several
cancer-related genes, such as those encoding proliferation,
invasion, radiosensitivity and chemosensitivity, and angiogenesis [8,17-19]. Although numerous efforts have been
devoted to the establishment of miRNA-based prognostic
and diagnostic biomarkers for predicting the progression of
GBM, the molecular profiling of glioblastomas with or without necrosis has not yet been clearly demonstrated.
In this study, we investigated the effect of necrotic cells on
the miRNA and mRNA expression profiles as well as the
negative miRNA-mRNA correlations in a human astroglioma cell line, CRT-MG. Using next-generation sequencing
(NGS) analysis, we profiled the miRNA and mRNA expression levels in CRT-MG cells with or without necrotic cell
treatment. The miRNAs and mRNAs showing significant
changes were selected, and integrative miRNA-mRNA network analyses were performed.

2. RNA extraction and NGS
Total cellular RNA was isolated from cells using an RNA
extraction kit (Qiagen, Hilden, Germany) according to the
manufacturer’s protocol. Small RNA sequencing was done
on the Illumina Hiseq 2500 platform (Illumina, San Diego,
CA), using 51-bp single-end sequencing with a fragment size
of 145-160 bp. The TruSeq small RNA Library Prep kit (Illumina) was used for preparing the library. To detect known
and novel miRNAs, unique clustered reads were aligned
with the reference genome as well as with precursor miRNAs
obtained from miRBase v.21. The miRDeep2 algorithm was
used to predict potential hairpin structures and to assign
scores that represented the probability that hairpins were
true miRNA precursors. The read counts for each miRNA
were extracted from mapped miRNAs to report the abundance of each miRNA. To filter differentially expressed miRNAs, the reads for each miRNA were normalized to the total
reads of each individual sample, standardized as the read
per kilobase of transcript per million mapped reads (RPKM).
MiRNAs with a median fold change of |fc|  2 were considered meaningful. An mRNA sequencing was done on the
Illumina HiSeq 2000 platform, using 101-bp paired-end
sequencing with a fragment size of 200-400 bp. The TruSeq
RNA kit was used for preparing the library. Samples with
the desired minimum of 5 GB mapped and properly paired
read pairs from any standard mapper were chosen, without
filtering for mapping quality. The mRNAs with expression
profiles that differed between the samples were normalized
as fragments per kilobase of transcript per million mapped
reads. An mRNA with was fc  –2 was considered downregulated whereas that with fc  2 was considered upregulated.
3. Primary glioblastoma tissues

Materials and Methods
1. Cells
Human astroglioma CRT-MG cells were maintained in
Dulbecco’s modified essential medium (cat. LM001-05, WelGENE Inc., Daegu, Korea) containing 10% fetal bovine serum
(Gibco, Grand Island, NY), L-glutamine, 100 U/mL penicillin
and 10 µg/mL streptomycin. For preparation of the necrotic
cells, CRT-MG cells were subjected to five frozen-thaw cycles
of liquid nitrogen-water bath treatment to induce a necrotic
state in the cells [20]. CRT-MG cells that were not treated
with the necrotic cells were used as controls.

Human glioblastoma tissue specimen was selected from
the Department of Pathology, Ewha Womans University
Mokdong Hospital, over the past 3 years (2012-2014). Hematoxylin-eosin–stained slides were reviewed and all cases
showed variable degree of geographic necrosis. This study
protocol was approved by the Institutional Review Board
(IRB) of the Ewha Womans University Mokdong hospital
(IRB protocol number: EUMC 2016-01-005). Informed consent had been obtained from each patient prior to surgery
and was waived in this study by IRB due to the retrospective
nature. Small RNA was isolated from formalin-fixed, paraffin-embedded (FFPE)-GBM tissues including the near-necrosis tumor area and non-necrosis tumor area using an
exosomal miRNA purification kit (Genolution, Seoul, Korea)
according to the manufacturer’s protocol.
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Table 1. List of primer sequences used for RT-PCR and qRT-PCR analysis
Gene (human)
RT-PCR primer

CXCL3
CCL2
1L1A
TNIP1(6)
TNIP1(10)
ALOX5AP
CYBRD1
COL2A1
CNR1
GAPDH

qRT-PCR primer

ICAM1
LCN2
POSTN
PCP4
LYPD1
GAPDH

Sequence
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

5-ATGGCCCACGCCACGCTCTCCG-3
5-TCAGTTGGTGCTCCCCTTGTTC-3
5-ATGAAAGTCTCTGCCGCCCTTCTGT-3
5-AGTCTTCGGAGTTTGGGTTTGCTTG-3
5-GTAAGCTATGGCCCACTCCA-3
5-AGGTGCTGACCTAGGCTTGA-3
5-GTTGCTGAAACAGCAGGTGA-3
5-GAGGCCTTTGCTTTCCTCTT-3
5-AAGACCCCCTTCCTTCAAAA-3
5-GATGGCTTCAGCAAGGCTAC-3
5-TGGGGTTGGTGTTCTCATCT-3
5-ACCTGGTCACAAAACATCTTCAG-3
5-CCATCCATGCAGGGTTAAATG-3
5-CCAACCCAGCTGTGCAGACT-3
5-CGTCCAGATGACCTTCCTACG-3
5-TGAGCAGGGCCTTCTTGAG-3
5-GAAAGCTGCATCAAGAGCAC-3
5-TTTTCCTGTGCTGCCAGGG-3
5-GGAGCCAAAAGGGTCATCAT-3
5-GTGATGGCATGGACTGTGGT-3
5-AATTCCCAGACTCCAATG-3
5-AGGCGTGGCTTGTGTGTTCGG-3
5-GGTAGGCCTGGCAGGGAATG-3
5-CTTAATGTTGCCCAGCGTGAAC-3
5-ATTCCTGATTCTGCCAAACAAG-3
5-AGAAAATGCATTATTCACAGGT-3
5-AGAGCCAACATGAGTGAGCGA-3
5-TGGTGCATCCATGTCAATGTC-3
5-TTGCGGATTGTTCTTGCTTCCAGG-3
5-TGATGATGCACAGGACTTGCGGTA-3
5-GGAGCCAAAAGGGTCATCAT-3
5-GTGATGGCATGGACTGTGGT-3

RT-PCR, reverse transcription–polymerase chain reaction; qRT-PCR, quantitative reverse transcription–polymerase chain
reaction.

4. Reverse transcription–polymerase chain reaction
cDNA was synthesized from 1 µg of total RNA with
reverse transcription (MLV-RT, Enzynomics, Daejeon,
Korea) and polymerase chain reaction (PCR) was performed
3 µL cDNA with a thermal cycler (Bio-Rad Laboratories, Hercules, CA). The mRNA levels were determined using G-Taq
DNA polymerase, 10 Taq buffer and 2.5 mM dNTP (LaboPass, COSMO Genetech, Seoul, Korea). Primer sequences are
listed in Table 1. Each PCR samples were visualized on 1%
agarose gels stained with GelRed (Biotium Inc., Hyward,
CA).
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5. Quantitative reverse transcription–polymerase chain
reaction
Quantitative reverse transcription–polymerase chain reaction (qRT-PCR) was performed on an ABI Step One Plus
Real-Time PCR machine (Applied Biosystems, Foster City,
CA) using a Power SYBR Green PCR Master Mix (Applied
Biosystems) according to the manufacturer’s protocol.
Primer sequences are listed in Table 1. Quantitation approach was performed by termed the comparative Ct method as
previously described [21]. The Ct values of both the control
and the samples of interest are normalized to an appropriate
GAPDH gene. Relative expression levels were calculated as
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2Ct method, where Ct=target gene sample Ct–target
gene control Ct.

Results

6. miRNA-mRNA integrative genomic analysis

1. Differentially expressed miRNAs between necrotic celltreated and untreated CRT-MG cells

For identification of the candidate miRNA-mRNA network, three separate steps were carried out. First, miRNAs
and mRNAs with differential expression were extracted
though the differentially expressed gene and differentially
expressed miRNA list, with significant cut-offs miRNA |fc|
 2 and mRNA |fc|  2 in the miRNA and mRNA data set.
Second, the putative miRNA-mRNA regulatory relationship
was inferred through target information, using miRDB (v.5.0;
http://mirdb.org/miRDB/). Finally, the negative correlation
between the miRNA and mRNA expression profiles was
confirmed.
7. Functional analysis
Based on the miRNA-mRNA integrative genomic analysis,
we identified biological themes for each negatively correlated miRNA-mRNA pair using Gene Ontology (GO)
(http://geneontology.org/). GO provides annotation terms
that are arranged hierarchically in three namespaces that
describe different aspects of a protein’s function: molecular
function, biological process, and cellular component (http://
geneontology.org/page/ontologydocu mentation) [22].
Pathway analysis of negative miRNA-mRNA correlations
was mapped to the Kyoto Encyclopedia of Genes and
Genomes (KEGG) database (http://www.kegg.jp/kegg/
pathway.html). KEGG includes a pathway database with
computerized knowledge on molecular interaction networks,
such as pathways and complexes. The p-value was calculated for each enriched pathway [23].
8. Statistical analysis
The mean±standard error of the mean from two independent experiments is shown in all bar graphs. Statistical significance was analyzed with Student’s t test, using the program
R Statistical Language v.3.1.2 (Institute for Statistics and
Mathematics, Vienna, Austria). Statistical significance of the
data was set at a value of p < 0.05.

To test whether necrotic tissues affect the miRNA-mRNA
regulatory network in GBM, CRT-MG cells were either
untreated or treated with necrotic cells and mature miRNAs
and mRNA were quantitatively analyzed using NGS. Necrotic
CRT-MG cells were prepared by freezing/thawing methods
as described previously and confirmed by flow cytometry
revealed that more than 90% of prepared cells were propidium
iodide–positive [5]. The expression of mature miRNAs using
small RNA sequencing. Of the 2,588 mature miRNAs detected
in the analysis, 1,908 with at least one zero raw signal (RPKM)
were excluded and 680 mature miRNAs for further analysis.
Compared with untreated cells, the treated CRT-MG cells
showed dysregulation of 106 miRNAs that had significantly
different expression levels with 2-fold change as a cut off
(Fig. 1A). Of these 106 miRNAs, 55 were upregulated (52%)
and 51 were downregulated (48%) in the treated cells (Fig. 1B).
The top five mature miRNAs are marked in the scatter plot;
miR-4792, miR-146a-5p, and miR-155-5p were upregulated,
and miR-let-7e-5p and miR-let-7c-5p were downregulated
(Fig. 1C). The top 20 of the 55 upregulated miRNAs and the
top 20 of the 51 downregulated miRNAs, as well as miRNAs
matched to previous studies that have been previously
reported in GBM are summarized in Table 2 [24-27]. To
explore whether miRNA expression is altered in primary
GBM tissues, we performed qRT-PCR for four miRNAs using
FFPE glioblastoma patient samples. In miRNA real-time PCR
analysis using primary GBM tissues, we observed similar finding that followed the sequencing trend in CRT-MG cells,
showing increased miR-3656 and decreased miR-874-5p
expression in perinecrotic region compared to non-necrosis
tumor tissues (Fig. 1D).
2. Differentially expressed mRNAs between necrotic celltreated and untreated CRT-MG cells
Next, we investigated the expression patterns of mRNAs
using transcriptome resequencing. Of the 25,906 genes
detected, 7,475 with at least one zero raw signal (fragments
per kilobase of transcript per million mapped reads [FPKM])
were excluded, leaving 18,431 genes to be further analyzed.
These mRNA expression profiles revealed significant dysregulation of 887 mRNAs in the treated CRT-MG cells (Fig. 2A).
We further found differences in the classification of mRNAs
in the treated cells relative to the untreated cells. As shown in
Fig. 2B, 508 mRNAs were upregulated (57%), whereas 379
mRNAs were downregulated (43%), after incubation with
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Fig. 1. Graphical representation of the 106 miRNAs differentially expressed between necrotic cell-treated and untreated
CRT-MG cells. (A) Clustering of the 106 most differentially upregulated and downregulated miRNAs for classification
between the necrotic cell–treated (NC) and untreated CRT-MG cells (control). Complete linkage hierarchical clustering was
performed with the Euclidian distance measure. The NC and control cells clustered separately. The colors in the heat map
represent the normalized expression values, with lower expression values being colored in shades of green and higher
expression values in shades of red. (B) Counts of mature miRNAs upregulated or downregulated in NC cells. (C) Scatter
plot showing the normalized miRNA volume of all conditions analyzed (y-axis) and changes in miRNAs expression between
the NC and control cells. The top five most significantly dysregulated miRNAs are marked. (D) Quantitative real-time polymerase chain reaction analysis was performed glioblastoma multiforme tissues from the near-necrosis tumor area (Nec) and
from non-necrosis tumor area (Tm). Data are presented as fold induction compared with non-necrosis tumor area.
*p < 0.05, **p < 0.01 vs. Tm.
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Table 2. The top 20 most differentially upregulated and downregulated miRNAs in necrotic cell–treated CRT-MG cells
Mature miRNA
Upregulated miRNAs (top 20 out of 55)

Downregulated miRNAs (top 20 out of 51)

hsa-miR-4792
hsa-miR-3609
hsa-miR-4466
hsa-miR-4516
hsa-miR-7704
hsa-miR-3648
hsa-miR-3960
hsa-miR-4461
hsa-miR-6087
hsa-miR-663a
hsa-miR-146a-5p
hsa-miR-4488
hsa-miR-1246
hsa-miR-3656
hsa-miR-4508
hsa-miR-4485-3p
hsa-miR-4492
hsa-miR-1290
hsa-miR-7641
has-miR-619-5p
hsa-miR-4454
hsa-miR-135a-3p
hsa-miR-5100
hsa-miR-23a-5p
hsa-let-7c-5p
hsa-miR-874-5p
hsa-miR-486-3p
hsa-miR-1249-3p
hsa-miR-125b-2-3p
hsa-miR-196a-3p
hsa-miR-7977
hsa-miR-26a-2-3p
hsa-miR-6500-3p
hsa-miR-33b-3p
hsa-miR-99a-3p
hsa-miR-509-3p
hsa-miR-3180
hsa-miR-3180-3p
hsa-miR-1468-5p
hsa-miR-27b-5p

Fold change

GBM

149.29
60.73
53.21
36.09
30.79
29.92
26.37
24.66
18.66
15.27
15.11
13.10
11.47
11.41
10.69
8.88
8.02
7.52
6.99
6.52
–5.22
–4.63
–3.56
–3.40
–3.36
–3.34
–3.15
–3.10
–3.09
–3.06
–3.01
–2.99
–2.82
–2.76
–2.73
–2.73
–2.70
–2.70
–2.63
–2.56

[24]
[25]
[26]
[27]
-

GBM, glioblastoma multiforme.

necrotic cells. The top five genes are indicated in the scatter
plot; IL32, MT2A, and FTH1 were upregulated, and KRT18
and KRT8 were downregulated in the treated cells (Fig. 2C).
The top 20 most differentially upregulated and downregulated mRNAs in the treated cells, and the mRNAs matched to
existing reports about GBM, are shown in Table 3 [28-50]. We

also utilized reverse transcription–polymerase chain reaction
(RT-PCR) and qRT-PCR for direct validation of differential
expression of mRNA in necrotic cell treated and untreated
CRT-MG cells (Fig. 2D and E).
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Fig. 2. Graphical representation of the 887 mRNAs differentially expressed between necrotic cell–treated (NC) and untreated
CRT-MG cells. (A) Clustering of the 887 most differentially upregulated and downregulated mRNAs for classification
between the NC and untreated CRT-MG cells (control). Complete linkage hierarchical clustering was performed with the
Euclidian distance measure. The NC and control cells clustered separately. The colors in the heatmap represent the normalized expression values, with lower expression values being colored in shades of green and higher expression values in shades
of red. (B) Counts of mRNAs upregulated or downregulated in NC cells. (C) Scatter plot showing the normalized mRNA
volume of all conditions analyzed (y-axis) and changes in mRNA expression between the NC and control cells. The top five
most significantly dysregulated genes are marked. (Continued to the next page)

3. Integrative genomic analysis of negative miRNA-mRNA
correlations in necrotic cell-treated CRT-MG cells
To understand the potential functions of the significant differentially expressed miRNAs, and to further explore miRNAmRNA regulatory information in the treated cells, we performed an analysis of the gene expression data to identify
genes that were inversely co-expressed with an miRNA, as
well as analysis of the target prediction that was used to identify genes containing binding sites of an miRNA. The 106
mature miRNAs and 887 validated mRNAs that were differentially expressed in the treated CRT-MG cells were analyzed
by searching all the miRNAs in the miRDB v5.0 database (mirBase rel.21). Consequently, 88 miRNAs were found to have at
least one negatively regulated miRNA-mRNA pair for significant mRNAs, and 11 miRNAs a negative correlation with
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p < 0.05 by the hypergeometric test (Table 4). The upregulated
miRNA-downregulated mRNA and downregulated miRNAupregulated mRNA pairs in necrotic cell-treated CRT-MG
cells with p < 0.05 by the hypergeometric test are shown in
Fig. 3. Detailed information about each miRNA-mRNA integrative genomic analysis is shown in Table 5.
4. Function annotation and pathways affected by relevant
negative miRNA-mRNA correlations in necrotic cell-treated
CRT-MG cells
In order to study the regulatory effects of the significant negatively correlated miRNA-mRNA pairs, and to further explore
the function of the predicted target genes, 188 genes that were
significantly (p < 0.05) upregulated and downregulated in the
treated CRT-MG cells were selected for mapping into the

So-Hee Ahn, Effect of Necrosis on miRNA-mRNA Network in GBM

D

E

TNIP1 (6)
TNIP1 (10)

CYBRD1
COL2A1
CNR1
GAPDH

POSTN mRNA (fold induction)

ALOX5AP

Control

80
60
40
20
0

NC

1.5

Control

NC

1.5

1.0

0.5

0

100

Control

NC

LYPD1 mRNA (fold induction)

IL1A

120

LCN2 mRNA (fold induction)

CCL2

10
9
8
7
6
5
4
3
2
1
0

PCP4 mRNA (fold induction)

CXCL3

ICAM1 mRNA (fold induction)

Control NC

1.0

0.5

0

Control

NC

1.5

1.0

0.5

0

Control

NC

Fig. 2. (Continued from the previous page) (D, E) Validation of mRNA analyzed reverse transcription–polymerase chain reaction
(RT-PCR) and quantitative reverse transcription–polymerase chain reaction (qRT-PCR). (D) The expression level of six
upregulated mRNA (CXCL3, CCL2, IL1A, TNIP1 [transcript variant 6 and 10], and ALOX5AP) and three downregulated
mRNA (CYBRD1, COL2A1, and CNR1) were validated by RT-PCR. GAPDH gene was evaluated as external control. (E) Two
upregulated mRNA (ICAM1 and LCN2) and three downregulated mRNA (POSTN, PCP4, and LYPD1) were determined by
qRT-PCR. Data are presented as fold induction compared with untreated necrotic cells. **p < 0.01, ***p < 0.001 vs. control.

DAVID database and subjected to functional enrichment
analysis. According to the GO enrichment analysis, these
mRNAs were involved in the regulation of biologica processes, cellular components, and molecular functions (Fig. 4).
The pie graph shows that 151 mRNAs were related to singleorganism cellular processes in the “biological process” term,
and 168 mRNAs were included in cell parts in the “cellular
component” classification. Moreover, the “molecular function” category of GO terms showed that 152 mRNAs mainly
played a role in protein binding, ion binding, and catalytic
activity. Pathways modulated by relevant gene targets of the
differentially expressed miRNAs of negatively correlated
miRNA-mRNA pairs were determined using KEGG pathways. All the significant target pathways for the negatively
correlated miRNA-mRNA pairs are presented in Fig. 5.
Upregulation of negative miRNA-mRNA correlation was

related to focal adhesion, Rap1 signaling, regulation of actin
cytoskeleton, and AMP-activated protein kinase signaling
pathways, whereas downregulation of negative miRNAmRNA correlation was shown to be related to proteoglycans
in cancer, central carbon metabolism in cancer, cell adhesion
molecules, and cytokine-cytokine receptor interaction (Table 6).

Discussion
In this study, using the human astroglioma cell line CRTMG, we investigated the effect of necrosis on the miRNA and
mRNA expression profiles and further examined the
miRNA-mRNA correlations. When CRT-MG cells were
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Table 3. The top 20 most differentially upregulated and downregulated mRNAs in necrotic cell–treated CRT-MG cells
mRNA
Upregulated mRNAs (top 20 out of 508)

Downregulated mRNAs (top 20 out of 379)

IL8
IL1B
CSF3
CCL20
CXCL2
PI3
MMP1
CSF2
SAA1
C3
LCN2
IER3
CXCL3
IL1A
SOD2
MMP9
G0S2
SAA2
MRGPRX3
TNF
CRYAB
TNNC1
HSD17B2
TMEM130
ID2
POSTN
COL3A1
NUPR1
SCNN1A
LGR6
EDN2
HOTS
PCP4
GPNMB
ANKRD1
ABCG1
HSPB3
COL26A1
ALPP
MAP2

exposed to necrotic CRT-MG cells, we found that 55 miRNAs
were upregulated and 51 were downregulated at a significantly different expression level, with a 2-fold change as a
cut off. Among them, 11 miRNAs that had a negative
miRNA-mRNA correlation value of p < 0.05 by the hypergeometric test were screened, and target mRNAs were analyzed by GO enrichment analysis. Using the KEGG database,
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Fold change

GBM

192.74
143.94
142.34
78.29
55.65
46.88
46.52
44.52
31.04
29.79
29.44
29.03
25.64
22.20
21.54
19.76
19.44
17.82
14.09
13.83
–16.56
–10.24
–10.10
–8.52
–8.37
–7.82
–7.74
–7.74
–7.50
–7.44
–7.31
–7.16
–7.06
–6.91
–6.70
–6.28
–6.21
–6.05
–5.80
–5.79

[5,28-31]
[32]
[33]
[34,35]
[36]
[37]
[38,39]
[40]
[41-44]
[37]
[45-47]
[48]
[49]
[50]

we also found that several pathways that were activated by
the necrotic cell treatment were modulated by relevant gene
targets of differentially expressed miRNAs with negative
miRNA-mRNA correlation.
Exposure to necrotic cells induced the dysregulation of
several miRNAs and the differential expression of mRNAs
in the CRT-MG cells. The examination revealed that miR-
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Fig. 3. Pie chart representing the distribution of negatively correlated miRNA-mRNA pairs. Pie chart depicting the distribution of negatively correlated miRNA-mRNA pairs within the three color-coded groups. Eighty-eight miRNAs were found
to have at least one negatively regulated miRNA-mRNA pair for significant mRNAs, and 11 miRNAs a negative correlation
with p < 0.05 by the hypergeometric test. a)Upregulated miRNAs–downregulated mRNAs in necrotic cell–treated CRT-MG
with p < 0.05 by the hypergeometric test, b)Downregulated miRNAs–upregulated mRNAs in necrotic cell–treated CRT-MG
with p < 0.05 by the hypergeometric test, c)Negatively regulated miRNA-mRNA pairs with p  0.05 by the hypergeometric
test.

Table 4. Summary of the miRNA-mRNA integrative genomic analysis

Control vs. necrotic cell–treated

No. of
significant
miRNAs
(|fc| 2)

No. of
significant
mRNAs
(|fc| 2)

No. of miRNAs

106

887

88

No. of miRNAs
(at negative relationship)
Hypergeometric
test < 0.05
11

Hypergeometric
test  0.05
77

a)

At least 1 miRNA-mRNA negative regulated pairs in significant mRNAs.

4492 was increased and showed negative regulation with 60
downregulated target mRNAs through the necrotic cell treatment (Table 5). Since the effect of miR-4492 on brain cancer
is poorly understood at present, our results suggest that miR4492 might be a novel prognostic marker of GBM that is
activated by necrosis. The increased miR-4492 expression
negatively regulated COL2A1 and CNR1 mRNAs, which are
related to focal adhesion and Rap1 signaling. Rap1 is a small
GTPase that regulates cell adhesion, cell-cell junction formation and cell polarity thought mitogen-activated protein

kinase. Cell adhesion signaling is known to modulate cell
proliferation, survival, and migration in several cancers, suggesting that this signaling is important for the development
of new therapeutic targets [51-53]. We confirmed by RT-PCR
that the expression levels of the COL2A1 and CNR1 genes
were decreased by the treatment of necrotic cells for validation of mRNA sequencing data (Fig. 2D).
Previous studies have provided evidence of multiple relationships between miRNAs and their target genes in cancer
[14,54]. It appears that the dysregulation of miRNA profiles
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Table 5. Integrative genomic analysis of 11 miRNA target genes
Significant
miRNA

Count

Hypergeometric
test (p-value)

60

0.006

hsa-miR-185-5p

25

0.007

hsa-miR-3609

19

0.043

hsa-miR-139-5p

13

0.007

hsa-miR-3656

10

0.010

39

0.000

hsa-miR-874-5p

19

0.001

hsa-miR-2682-5p

13

0.031

hsa-miR-138-5p

13

0.03

hsa-miR-874-3p

11

0.0191

hsa-miR-3613-5p

7

0.018

miRNA (up)-mRNA (down)
hsa-miR-4492

miRNA (down)-mRNA (up)
hsa-miR-30b-3p

could serve as an effective diagnostic and prognostic biomarker. In our systems, we found the significant dysregulation of the expression of 11 miRNAs in necrotic cell-treated
CRT-MG cells compared with untreated cells. Similar to previous reports about GBM, we found that miR-146a-5p and
miR-1246 were upregulated in the treated CRT-MG cells
[24,25]. While the expression level and function of miRNAs
in glioblastoma have been extensively studied by several
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Gene

SCNN1A, EDN2, COL26A1, ALPP, MFAP4, ALDH3B1, IGFBP5,
PPL, RGS5, KCNIP1, OLFML2A, SAMD11, LYPD1, CNR1,PKP2,
SYT12, FOXS1, LOXL4, IFITM10, ITGB4, SREBF1, PDGFRB,
CADM3, MPPED2, FIBCD1, PIK3R3, GPX3, FAM65B, TPD52L1,
SLC48A1, KCNH2, LYNX1, WLS, SLC7A8, COL2A1, TOM1L2,
SMAD7, C10orf54, HDAC5, PLEKHB1, RAB26, ST6GALNAC2,
BOK, CAMKK1, RHOB, ELFN2, WDR86, SEMA3F, HSPB6,
BCAM, CACFD1, LMCD1, JDP2, CAPN6, FAIM2, SPTB, SYT15,
SLC25A23, EFNA2, GLIS2
POSTN, LGR6, PCP4, GPNMB, ABCG1, LBH, CSDC2, IGFBP5,
FAM198B, CADM3, HOPX, UNC5C, RAB11FIP1, GPX3, FAM65B,
TMEM139, BTBD3, UBE2QL1, PTPN13, HDAC5, PLEKHB1, BMF,
SORL1, FAIM2, SPTB
SDC2, PDE5A, MYLIP, CDH6, TYRP1, SCD, GPC4, RAB11FIP1,
FAM65B, SLC48A1, PDGFC, GMPR, ABCB5, UBE2QL1, PTPN13,
EIF4A2, SYT15, PFN2, PCSK2
MAP2, IGFBP5, THBS1, AQP1, SESN3, GPM6A, RAB11FIP1,
NDRG2, GULP1, JAKMIP2, JDP2, IQCJ-SCHIP1, PFN2
NXN, LYPD1, CADM3, SLC48A1, ZNF503, TOM1L2, ATP1B2,
HSPB6, FAIM2, LDB1
CD82, ICAM1, MEFV, TNFRSF9, CX3CL1, RELT, TMEM52B,
WNT7B, CDCP1, LRRC55, APLN, PTGES, NTN1, CORO2B,
DTX4, PIK3CD, CSF1, ZWINT, SPRED3, ARNTL2, PDPN,
ST3GAL4, CD34, NTSR1, SLC43A2, SAPCD2, NEK2, SH2B3,
TSPAN18, OAS3, MOB3A, IQGAP3, SLC11A2, CORO1A, KLRC3,
NCEH1, KIF18B, CYP1A2, JAM2
CHI3L1, CD82, ICAM1, CX3CL1, TNFAIP2, RELT, KIF21B,
WNT7B, SDC4, PREX1, ITGA5, SLC16A3, CD34, ITGA2,
MFSD2A, HMGA1, PFKL, GPR37L1, RAB43
ADORA2A, LRRC55, NDRG1, HPCAL1, LCP1, NETO1, PHACTR1,
ABLIM3, LRIG1, TSPAN18, PAPSS2, FAM219A, RAB43
LCN2, CLEC1A, NTN1, DTX4, PDPN, WWC1, FAM83D, CD34,
SLC16A2, SH2B3, UNC5A, FRMD4A, SLC7A2
IKBKE, RRM2, DTX4, TCF19, FAM107B, AGTRAP, AFAP1L1,
RAB13, FLT1, FAM19A3, RAB27A
MT2A, MPP4, MT1X, RRM2, PAPSS2, CCDC71L, PDK1

groups, the effects of necrosis/necrotic cells on miRNA and
mRNA expression and necrosis-related cellular pathways
have not been investigated. Further studies are needed to
identify cellular pathway within necrosis-related GBM. We
were also able to identify the dysregulation of novel miRNAs
in the treated astroglioma cells. In particular, the miR-4792
level was increased by 149-fold, and miR-3609 by 60-fold, in
the presence of necrotic cells, suggesting that these miRNAs

So-Hee Ahn, Effect of Necrosis on miRNA-mRNA Network in GBM

Developmental
Multicellular process (n=88)
organismal
process (n=103)
Singlemulticellular
organism
process (n=103)

Membrane-bounded
organelle (n=119)

Single
organism
Singleprocess
(n=162) organism
cellular process
(n=151)

Signaling
(n=103)

Organelle
(n=127)
Cytoplasmic
part (n=95)

Biological
regulation
(n=142)

Single
organism
signaling
(n=99)

Intracellular part
(n=133)

Response to
stimulus
(n=115)

Regulation of
cellular process
(n=129)

Cell
(n=168)
Cell periphery
(n=91)

Plasma
Membrane
membrane
part
(n=90)
Membrane
(n=94)
(n=117)
Intracellular
Cytoplasm
(n=137)
(n=121)

Cellular process
(n=161)

Cellular
response
to stimulus
(n=99)

Cell part
(n=168)

Regulation of
biological process (n=135)

GO cellular component classification

GO biological process classification

Protein homodimerization
activity (n=15)

Catalytic activity (n=48)

Protein dimerization
activity (n=21)
Purine ribonucleoside
triphosphate binding (n=21)

Binding
(n=150)

Molecular transducer
activity (n=27)
Macromolecular
complex binding (n=26)
Protein complex
binding (n=21)

Protein binding
(n=132)

Anion binding (n=34)
Enzyme binding (n=28)
Cytoskeletal protein
binding (n=19)

Ion binding
(n=66)

GO molecular function classification

Fig. 4. Gene Ontology (GO) enrichment analysis for negatively correlated miRNA-mRNA. The 188 genes that were upregulated and downregulated in necrotic cell–treated CRT-MG cells, with p < 0.05 by the hypergeometric test, were subjected
to GO functional enrichment analysis. To study the regulatory effects of the significant negatively correlated miRNA-mRNA
pairs, and to further explore the function of the predicted target genes. These mRNAs were included in the biological process,
cell component, and molecular function classifications.
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Human diseases

PI3K-Akt signaling pathway
Focal adhesion
Rap1 signaling pathway
Regulation of actin cytoskeleton
ECM-receptor interaction
Axon guidance
Proteoglycans in cancer
Ras signaling pathway
Central carbon metabolism in cancer
AMPK signaling pathway
Cell adhesion molecules
p53 signaling pathway
Arrhythmogenic right ventricular cardiomyopathy
Cytokine-cytokine receptor interaction
Thyroid hormone signaling pathway
Platelet activation
HTLV-I infection
Purine metabolism
Metabolic pathways
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Fig. 5. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis for negatively correlated miRNA-mRNA pairs.
The 188 genes that were upregulated and downregulated in necrotic cell–treated CRT-MG cells, with p < 0.05 by the hypergeometric test, were subjected to KEGG database analysis. These mRNAs were related to various biological pathways of
metabolism (red), genetic information (green), environmental information (orange), cellular processes (gray), organismal
system (purple), and human diseases (pink). The colors in the enrichment map represent the significant p-values of the geneset enrichment, with high significant values (p  0.001) being colored in blue shade. PI3K, phosphoinositide 3-kinase; ECM,
extracellular matrix; AMPK, AMP-activated protein kinase.

Table 6. KEGG pathway analysis of the genes obtained from negatively correlated miRNA-mRNA pairs
Map name
miRNA (up)-mRNA (down)
Focal adhesion
Rap1 signaling pathway
Regulation of actin cytoskeleton
AMPK signaling pathway
miRNA (down)-mRNA (up)
Proteoglycans in cancer
Central carbon metabolism in cancer
Cell adhesion molecules
Cytokine-cytokine receptor interaction

Count

p-value

6
7
5
4

1.56E-06
4.98E-08
5.13E-05
0.000228

COL2A1, ITGB4, PDGFRB, PDGFC, THBS1, PIK3R3
CNR1, EFNA2, PDGFRB, PFN2, PDGFC, THBS1, PIK3R3
ITGB4, PDGFRB, PFN2, PDGFC, PIK3R3
SCD, SREBF1, CAMKK1, PIK3R3

5
4
4
5

7.65E-05
6.13E-05
0.000559
0.000205

ITGA2, ITGA5, PIK3CD, SDC4, WNT7B
PDK1, PFKL, PIK3CD, SLC16A3
ICAM1, JAM2, SDC4, CD34
CSF1, FLT1, TNFRSF9, CX3CL1, RELT

KEGG, Kyoto Encyclopedia of Genes and Genomes.
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could be potential candidates for the detection of necrosis.
Using NGS, we confirmed that not only miRNA expression but also mRNA expression was significantly modulated
by necrotic cells in CRT-MG cells, as controlled by a variety
of gene regulatory factors, including transcription factors
and miRNAs. Incubation with necrotic cells induced the dysregulation of 887 mRNAs (Fig. 2). Among them, 188 mRNAs
had a negative correlation with 11 miRNAs. For example, the
dysregulation of PFN2, WNT7B, PFKL, PDK1, and LCN2
mRNAs was negatively correlated with miR-3609, miR-30b3p, miR-874-5p, miR-3613-5p, and miR-138-5p. On the other
hand, the expression levels of IL-8, IL-1, CSF3, CCL20, and
CXCL2 mRNAs, which were included within the 887 mRNAs
deregulated by necrotic cell treatment, were remarkably
increased (Table 3); however, we did not find significant negative correlations between these mRNAs and their corresponding miRNAs. Recently, we reported that when GBM
cells are exposed to and stimulated by necrotic cells, activation of the transcription factors nuclear factor B and activator protein 1 and their binding to the interleukin 8 (IL8)
promoter were induced, leading to enhanced IL8 mRNA
expression and protein secretion in GBM cells [5]. These
results imply that necrotic cells had a regulatory effect on
mRNA expression by both miRNA-mediated gene regulatory and transcription factor-mediated events.
It has been reported that negatively regulated miRNAmRNA pairs have a significant effect on the prognosis of cancer [55,56]. In this study, we used KEGG to identify pathways
that were related to negative miRNA-mRNA correlation.
Consequently, we identified key miRNAs such as miR-8745p and miR-30b-3p that were implicated in proteoglycan,
central carbon metabolism, and cytokine-cytokine receptor
interaction pathways, based on their target genes, such as
PIK3CD and CX3CL1 (Table 6). PIK3CD is a phosphoinositide 3 kinase class I isoform that is found in a number of
immune cells. In metastatic colorectal carcinoma and GBM,

PIK3CD is upregulated via the downregulation of miRNA,
which regulates the Akt pathway [57,58]. Moreover, the
chemokine ligand CX3CL1 (also known as fractalkine) is
expressed mainly in monocytes during inflammatory conditions [59]. Previous studies have demonstrated that CX3CL1
acts as a positive modulator of breast cancer, and also functions as an inflammatory mediator for communication
between neurons, glia, and microglia during inflammation
and neuro degeneration [60-62]. We identified the negatively
regulated miR-874-5p and miR-30b-3p/PIK3CD and CX3CL1
pairs, which were implicated in proteoglycan and cytokinecytokine receptor interaction signaling pathways, suggesting
them to be novel prognostic markers in GBM that are
exposed and activated by necrosis. Further study will be
required to address the clinical relevance of these miRNAs
and mRNAs and their putative role on necrosis-related
molecular pathways for the development of novel diagnostic
and prognostic biomarkers.
In conclusion, our study demonstrate that when GBM cells
were exposed to and stimulated by necrotic cells, the expression profiles of miRNA and mRNA were significantly dysregulated. This is the first study to address the effect of
necrotic cells on miRNA-mRNA expression and association
in GBM cells. The data implicated several miRNAs including
miR-4492 might be a novel prognostic marker of GBM that
is activated by necrosis.
Conflicts of Interest
Conflict of interest relevant to this article was not reported.
Acknowledgments
This work was supported by a National Research Foundation of
Korea (NRF) grant funded by the Korean government (MSIP) Grant
2010-0027945 and by NRF-2016R1A2B4016376.

References
1. Scheithauer BW. Development of the WHO classification of
tumors of the central nervous system: a historical perspective.
Brain Pathol. 2009;19:551-64.
2. Nakada M, Kita D, Watanabe T, Hayashi Y, Teng L, Pyko IV,
et al. Aberrant signaling pathways in glioma. Cancers (Basel).
2011;3:3242-78.
3. Hammoud MA, Sawaya R, Shi W, Thall PF, Leeds NE. Prognostic significance of preoperative MRI scans in glioblastoma
multiforme. J Neurooncol. 1996;27:65-73.
4. Raza SM, Lang FF, Aggarwal BB, Fuller GN, Wildrick DM,

Sawaya R. Necrosis and glioblastoma: a friend or a foe?
A review and a hypothesis. Neurosurgery. 2002;51:2-12.
5. Ahn SH, Park H, Ahn YH, Kim S, Cho MS, Kang JL, et al.
Necrotic cells influence migration and invasion of glioblastoma via NF-kappaB/AP-1-mediated IL-8 regulation. Sci Rep.
2016;6:24552.
6. Barboriak DP, Provenzale JM. Evaluation of software for registration of contrast-enhanced brain MR images in patients
with glioblastoma multiforme. AJR Am J Roentgenol. 2002;
179:245-50.

VOLUME 50 NUMBER 2 APRIL 2018

395

Cancer Res Treat. 2018;50(2):382-397

7. Inui M, Martello G, Piccolo S. MicroRNA control of signal
transduction. Nat Rev Mol Cell Biol. 2010;11:252-63.
8. Que T, Song Y, Liu Z, Zheng S, Long H, Li Z, et al. Decreased
miRNA-637 is an unfavorable prognosis marker and promotes
glioma cell growth, migration and invasion via direct targeting
Akt1. Oncogene. 2015;34:4952-63.
9. Hu N, Zhang J, Cui W, Kong G, Zhang S, Yue L, et al. miR520b regulates migration of breast cancer cells by targeting
hepatitis B X-interacting protein and interleukin-8. J Biol
Chem. 2011;286:13714-22.
10. LeBlanc VC, Morin P. Exploring miRNA-associated signatures
with diagnostic relevance in glioblastoma multiforme and
breast cancer patients. J Clin Med. 2015;4:1612-30.
11. Chiosea S, Jelezcova E, Chandran U, Acquafondata M, McHale
T, Sobol RW, et al. Up-regulation of dicer, a component of the
microRNA machinery, in prostate adenocarcinoma. Am J
Pathol. 2006;169:1812-20.
12. Qu JQ, Yi HM, Ye X, Zhu JF, Yi H, Li LN, et al. MiRNA-203
reduces nasopharyngeal carcinoma radioresistance by targeting IL8/AKT signaling. Mol Cancer Ther. 2015;14:2653-64.
13. Jansson MD, Lund AH. MicroRNA and cancer. Mol Oncol.
2012;6:590-610.
14. Chen B, Li H, Zeng X, Yang P, Liu X, Zhao X, et al. Roles of
microRNA on cancer cell metabolism. J Transl Med. 2012;
10:228.
15. Di Leva G, Garofalo M, Croce CM. MicroRNAs in cancer.
Annu Rev Pathol. 2014;9:287-314.
16. Dong L, Li Y, Han C, Wang X, She L, Zhang H. miRNA
microarray reveals specific expression in the peripheral blood
of glioblastoma patients. Int J Oncol. 2014;45:746-56.
17. Xia Z, Liu F, Zhang J, Liu L. Decreased expression of miRNA204-5p contributes to glioma progression and promotes
glioma cell growth, migration and invasion. PLoS One. 2015;
10:e0132399.
18. Fabbri E, Brognara E, Montagner G, Ghimenton C, Eccher A,
Cantu C, et al. Regulation of IL-8 gene expression in gliomas
by microRNA miR-93. BMC Cancer. 2015;15:661.
19. Mucaj V, Lee SS, Skuli N, Giannoukos DN, Qiu B, EisingerMathason TS, et al. MicroRNA-124 expression counteracts
pro-survival stress responses in glioblastoma. Oncogene. 2015;
34:2204-14.
20. Basu S, Binder RJ, Suto R, Anderson KM, Srivastava PK.
Necrotic but not apoptotic cell death releases heat shock proteins, which deliver a partial maturation signal to dendritic
cells and activate the NF-B pathway. Int Immunol. 2000;12:
1539-46.
21. Livak KJ, Schmittgen TD. Analysis of relative gene expression
data using real-time quantitative PCR and the 2CT method.
Methods. 2001;25:402-8.
22. Harris MA, Clark J, Ireland A, Lomax J, Ashburner M, Foulger
R, et al. The Gene Ontology (GO) database and informatics
resource. Nucleic Acids Res. 2004;32:D258-61.
23. Kanehisa M, Goto S, Kawashima S, Nakaya A. The KEGG
databases at GenomeNet. Nucleic Acids Res. 2002;30:42-6.
24. Xu G, Li JY. Differential expression of PDGFRB and EGFR in
microvascular proliferation in glioblastoma. Tumour Biol.

396

CANCER RESEARCH AND TREATMENT

2016;37:10577-86.
25. Li P, Teng F, Gao F, Zhang M, Wu J, Zhang C. Identification
of circulating microRNAs as potential biomarkers for detecting acute ischemic stroke. Cell Mol Neurobiol. 2015;35:433-47.
26. Plaisier CL, O'Brien S, Bernard B, Reynolds S, Simon Z, Toledo
CM, et al. Causal mechanistic regulatory network for glioblastoma deciphered using systems genetics network analysis.
Cell Syst. 2016;3:172-86.
27. Liang ML, Hsieh TH, Ng KH, Tsai YN, Tsai CF, Chao ME, et
al. Downregulation of miR-137 and miR-6500-3p promotes cell
proliferation in pediatric high-grade gliomas. Oncotarget.
2016;7:19723-37.
28. Munoz L, Yeung YT, Grewal T. Oncogenic Ras modulates p38
MAPK-mediated inflammatory cytokine production in glioblastoma cells. Cancer Biol Ther. 2016;17:355-63.
29. Ouchi R, Okabe S, Migita T, Nakano I, Seimiya H. Senescence
from glioma stem cell differentiation promotes tumor growth.
Biochem Biophys Res Commun. 2016;470:275-81.
30. Zhang B, Shi L, Lu S, Sun X, Liu Y, Li H, et al. Autocrine IL-8
promotes F-actin polymerization and mediate mesenchymal
transition via ELMO1-NF-kappaB-Snail signaling in glioma.
Cancer Biol Ther. 2015;16:898-911.
31. Zhou J, Yi L, Ouyang Q, Xu L, Cui H, Xu M. Neurotensin signaling regulates stem-like traits of glioblastoma stem cells
through activation of IL-8/CXCR1/STAT3 pathway. Cell Signal. 2014;26:2896-902.
32. Bertaut A, Truntzer C, Madkouri R, Kaderbhai CG, Derangere
V, Vincent J, et al. Blood baseline neutrophil count predicts
bevacizumab efficacy in glioblastoma. Oncotarget. 2016;7:
70948-58.
33. Wang L, Qin H, Li L, Zhang Y, Tu Y, Feng F, et al. Overexpression of CCL20 and its receptor CCR6 predicts poor clinical
prognosis in human gliomas. Med Oncol. 2012;29:3491-7.
34. Brandenburg S, Muller A, Turkowski K, Radev YT, Rot S,
Schmidt C, et al. Resident microglia rather than peripheral
macrophages promote vascularization in brain tumors and are
source of alternative pro-angiogenic factors. Acta Neuropathol. 2016;131:365-78.
35. Bruyere C, Mijatovic T, Lonez C, Spiegl-Kreinecker S, Berger
W, Kast RE, et al. Temozolomide-induced modification of the
CXC chemokine network in experimental gliomas. Int J Oncol.
2011;38:1453-64.
36. Sielska M, Przanowski P, Wylot B, Gabrusiewicz K, Maleszewska M, Kijewska M, et al. Distinct roles of CSF family
cytokines in macrophage infiltration and activation in glioma
progression and injury response. J Pathol. 2013;230:310-21.
37. Knebel FH, Albuquerque RC, Massaro RR, Maria-Engler SS,
Campa A. Dual effect of serum amyloid A on the invasiveness
of glioma cells. Mediators Inflamm. 2013;2013:509089.
38. Bouwens TA, Trouw LA, Veerhuis R, Dirven CM, Lamfers
ML, Al-Khawaja H. Complement activation in glioblastoma
multiforme pathophysiology: evidence from serum levels and
presence of complement activation products in tumor tissue.
J Neuroimmunol. 2015;278:271-6.
39. Li M, Bolduc AR, Hoda MN, Gamble DN, Dolisca SB, Bolduc
AK, et al. The indoleamine 2,3-dioxygenase pathway controls

So-Hee Ahn, Effect of Necrosis on miRNA-mRNA Network in GBM

complement-dependent enhancement of chemo-radiation
therapy against murine glioblastoma. J Immunother Cancer.
2014;2:21.
40. Kammerer R, Buchner A, Palluch P, Pongratz T, Oboukhovskij
K, Beyer W, et al. Induction of immune mediators in glioma
and prostate cancer cells by non-lethal photodynamic therapy.
PLoS One. 2011;6:e21834.
41. Li Q, Chen B, Cai J, Sun Y, Wang G, Li Y, et al. Comparative
analysis of matrix metalloproteinase family members reveals
that MMP9 predicts survival and response to temozolomide
in patients with primary glioblastoma. PLoS One. 2016;11:
e0151815.
42. Joseph JV, van Roosmalen IA, Busschers E, Tomar T, Conroy
S, Eggens-Meijer E, et al. Serum-induced differentiation of
glioblastoma neurospheres leads to enhanced migration/
invasion capacity that is associated with increased MMP9.
PLoS One. 2015;10:e0145393.
43. Musumeci G, Magro G, Cardile V, Coco M, Marzagalli R, Castrogiovanni P, et al. Characterization of matrix metalloproteinase-2 and -9, ADAM-10 and N-cadherin expression in
human glioblastoma multiforme. Cell Tissue Res. 2015;362:
45-60.
44. Wang F, Xiao W, Sun J, Han D, Zhu Y. MiRNA-181c inhibits
EGFR-signaling-dependent MMP9 activation via suppressing
Akt phosphorylation in glioblastoma. Tumour Biol. 2014;35:
8653-8.
45. Hwang JS, Jung EH, Kwon MY, Han IO. Glioma-secreted soluble factors stimulate microglial activation: The role of interleukin-1beta and tumor necrosis factor-alpha. J Neuroimmunol. 2016;298:165-71.
46. Kryvdiuk IV, Minchenko DO, Hlushchak NA, Ratushna OO,
Karbovskyi LL, Minchenko OH. Inhibition of IRE1 modifies
effect of glucose deprivation on the expression of TNFrelated genes in U87 glioma cells. Ukr Biochem J. 2015;87:
36-51.
47. Kore RA, Abraham EC. Inflammatory cytokines, interleukin1 beta and tumor necrosis factor-alpha, upregulated in
glioblastoma multiforme, raise the levels of CRYAB in exosomes secreted by U373 glioma cells. Biochem Biophys Res
Commun. 2014;453:326-31.
48. Rahme GJ, Zhang Z, Young AL, Cheng C, Bivona EJ, Fiering
SN, et al. PDGF engages an E2F-USP1 signaling pathway to
support ID2-mediated survival of proneural glioma cells. Cancer Res. 2016;76:2964-76.
49. Bao G, Wang N, Li R, Xu G, Liu P, He B. MiR-508-5p inhibits
the progression of glioma by targeting glycoprotein nonmetastatic melanoma B. Neurochem Res. 2016;41:1684-90.

50. Qu J, Rizak JD, Fan Y, Guo X, Li J, Huma T, et al. Establishment and partial characterization of a human tumor cell line,
GBM-HSF, from a glioblastoma multiforme. Hum Cell.
2014;27:129-36.
51. McLean GW, Carragher NO, Avizienyte E, Evans J, Brunton
VG, Frame MC. The role of focal-adhesion kinase in cancer: a
new therapeutic opportunity. Nat Rev Cancer. 2005;5:505-15.
52. Totoki Y, Yoshida A, Hosoda F, Nakamura H, Hama N, Ogura
K, et al. Unique mutation portraits and frequent COL2A1 gene
alteration in chondrosarcoma. Genome Res. 2014;24:1411-20.
53. Bedoya F, Meneu JC, Macias MI, Moreno A, Enriquez-De-Salamanca R, Gonzalez EM, et al. Mutation in CNR1 gene and
VEGF expression in esophageal cancer. Tumori. 2009;95:68-75.
54. Plaisier CL, Pan M, Baliga NS. A miRNA-regulatory network
explains how dysregulated miRNAs perturb oncogenic
processes across diverse cancers. Genome Res. 2012;22:
2302-14.
55. Zhou X, Xu X, Wang J, Lin J, Chen W. Identifying miRNA/
mRNA negative regulation pairs in colorectal cancer. Sci Rep.
2015;5:12995.
56. Thurnherr T, Mah WC, Lei Z, Jin Y, Rozen SG, Lee CG. Differentially Expressed miRNAs in hepatocellular carcinoma target
genes in the genetic information processing and metabolism
pathways. Sci Rep. 2016;6:20065.
57. Zhong M, Bian Z, Wu Z. miR-30a suppresses cell migration
and invasion through downregulation of PIK3CD in colorectal
carcinoma. Cell Physiol Biochem. 2013;31:209-18.
58. Shi Y, Chen C, Zhang X, Liu Q, Xu JL, Zhang HR, et al. Primate-specific miR-663 functions as a tumor suppressor by targeting PIK3CD and predicts the prognosis of human
glioblastoma. Clin Cancer Res. 2014;20:1803-13.
59. Jones BA, Beamer M, Ahmed S. Fractalkine/CX3CL1: a potential new target for inflammatory diseases. Mol Interv. 2010;10:
263-70.
60. Tardaguila M, Mira E, Garcia-Cabezas MA, Feijoo AM, Quintela-Fandino M, Azcoitia I, et al. CX3CL1 promotes breast cancer via transactivation of the EGF pathway. Cancer Res.
2013;73:4461-73.
61. Ferretti E, Pistoia V, Corcione A. Role of fractalkine/CX3CL1
and its receptor in the pathogenesis of inflammatory and
malignant diseases with emphasis on B cell malignancies.
Mediators Inflamm. 2014;2014:480941.
62. Marchesi F, Locatelli M, Solinas G, Erreni M, Allavena P, Mantovani A. Role of CX3CR1/CX3CL1 axis in primary and secondary involvement of the nervous system by cancer. J
Neuroimmunol. 2010;224:39-44.

VOLUME 50 NUMBER 2 APRIL 2018

397

pISSN 1598-2998, eISSN 2005-9256
https://doi.org/10.4143/crt.2017.074

Cancer Res Treat. 2018;50(2):398-404

Open Access

Original Article

TAK-264 (MLN0264) in Previously Treated Asian Patients with
Advanced Gastrointestinal Carcinoma Expressing Guanylyl Cyclase C:
Results from an Open-Label, Non-randomized Phase 1 Study

Yung-Jue Bang, MD, PhD1
Toshimi Takano, MD2
Chia-Chi Lin, MD, PhD3
Adedigbo Fasanmade, PhD4
Huyuan Yang, PhD4
Hadi Danaee, SD4
Takayuki Asato, BSc4
Thea Kalebic, MD, PhD4
Hui Wang, PhD4
Toshihiko Doi, MD, PhD5
Department of Internal Medicine,
Seoul National University College of
Medicine, Seoul, Korea, 2Department of
Medical Oncology, Toranomon Hospital,
Tokyo, Japan, 3Department of Oncology,
National Taiwan University Hospital, Taipei,
Taiwan, 4Millennium Pharmaceuticals, Inc.,
a wholly owned subsidiary of Takeda
Pharmaceutical Company Limited,
Cambridge, MA, USA, 5Department
of Experimental Therapeutics, National
Cancer Center Hospital East, Chiba, Japan
1

+ Correspondence:
+ + + + + + +Yung-Jue
+ + + +Bang,
+ + MD,
+ +PhD
++++
+ Department
+ + + + +of+Internal
+ + + Medicine,
+ + + + Seoul
+ + +National
+++
+ University
+ + + + College
+ + + +of +Medicine,
+ + + +Daehak-ro,
++++++
+ + + + + +Seoul
+ + + + +Korea
+++++++++
+ Jongno-gu,
+ + + + + + +03080,
++++++++++++
+ Tel:
+ +82-2-2072-2390
+++++++++++++++++
+ Fax:
+ +82-2-762-9662
+++++++++++++++++
+ E-mail:
+ + + bangyj@snu.ac.kr
++++++++++++++++
++++++++++++++++++++
+ Received
+ + + +February
+ + + +13,+2017
++++++++++
+ Accepted
+ + + + May
+ + 1,+2017
++++++++++++
+ Published
+ + + + Online
+ + + May
+ + 10,
+ +2017
++++++++
++++++++++++++++++++

Purpose
This phase 1 dose-escalation portion of the study evaluated the safety, pharmacokinetics
(PK), and antitumor activity of TAK-264 in Asian patients with advanced gastrointestinal (GI)
carcinoma or metastatic or recurrent gastric or gastroesophageal junction adenocarcinoma
expressing guanylyl cyclase C (GCC).
Materials and Methods
Adult patients with advanced GI malignancies expressing GCC (H-score  10) received
TAK-264 on day 1 of 3-week cycles as 30-minute intravenous infusions for up to 1 year or
until disease progression or unacceptable toxicity. The primary objectives were to evaluate
the safety profile including dose-limiting toxicities (DLTs) during cycle 1, determine the maximum tolerated dose (MTD), and characterize the PK profile of TAK-264.
Results
Twelve patients were enrolled and treated with 1.2 mg/kg (n=3), 1.5 mg/kg (n=3), or
1.8 mg/kg TAK-264 (n=6). Median number of treatment cycles received was two (range,
1 to 10). None of the patients experienced a DLT and the MTD was not determined. Ten
patients (83%) experienced adverse events (AEs). The most common were neutropenia,
anorexia, and nausea (each reported by four patients). Five patients (42%) experienced
grade  3 AEs consisting of tumor hemorrhage and hypertension, ascites, adrenal insufficiency, neutropenia and asthenia. Serum exposure to TAK-264 increased proportionally
with the dose and the median half-life was approximately 5.5-6.6 days. No patients experienced an objective response.
Conclusion
TAK-264 demonstrated a manageable safety profile with limited antitumor activity consistent with studies conducted in Western patients with advanced GI malignancies. TAK-264
exposure increased proportionally with the dose.

Introduction
Antibody-drug conjugates (ADCs) have revolutionized the
field of cancer chemotherapy over the last two decades.
ADCs use selective monoclonal antibodies that preferentially
bind to the target tumor-associated antigens to deliver a
highly potent cytotoxic payload [1]. ADCs, consisting of
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monoclonal antibodies conjugated to potent chemotherapeutics via a stable linker, have given rise to a highly efficacious
class of anticancer drugs [2]. Currently, there are two ADCs
approved, one for the treatment of relapsed/refractory
Hodgkin’s lymphoma and systemic anaplastic large cell lymphoma (brentuximab vedotin) [3], and the other for
advanced/metastatic human epidermal growth factor receptor 2–positive breast cancer (trastuzumab emtansine) [4]. In
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addition, there is a rapidly growing clinical pipeline with
over 60 ADCs in development to target a wide range of blood
cancers and solid tumors [5].
Exploring the therapeutic potential of ADCs is of considerable interest in gastric cancer, which is recognized as a significant global health concern. On a global scale, each year
there are approximately one million new cases and 750,000
deaths that account for 10% of all cancer-related deaths [6].
The highest incidence is found in Japan where gastric cancer
is the second leading cause of death after lung cancer, with
an estimated 110,000 new cases diagnosed and 54,000 deaths
per year [7]. In China, there were approximately 400,000 new
cases and 300,000 deaths from gastric cancer in 2005; while
in Korea, there were approximately 28,000 new cases of gastric cancer in 2008 [8].
Globally, including in Asian countries, the combination of
a fluorouracil (including oral fluoropyrimidines S-1 and
capecitabine) and a platinum-containing compound (cisplatin or oxaliplatin) is the most widely accepted first-line
chemotherapy for metastatic gastric cancer. However, many
patients relapse and there are no standard treatment regimens in the second-line setting, although several phase 3 trials of second-line irinotecan, taxane, and ramucirumab have
shown slight survival benefits [9]. In spite of current
advances, clinical outcomes for patients with gastric carcinoma remain poor. Thus, there is a need to develop new
treatment options.
The transmembrane cell surface receptor guanylyl cyclase C
(GCC) has been identified as a potential treatment target in
patients with gastrointestinal (GI) cancers [10,11]. In normal
tissues, GCC expression is restricted to the epithelial cells of
the intestine, where it plays a key role in maintaining fluid
ion homeostasis and genomic integrity [12,13]. Early findings
suggest that GCC may play a role in tumorigenesis [12]. GCC
expression has also been observed in tumors throughout the
GI tract and their metastases: GCC is expressed in 60%-70%
of gastric, pancreatic, and esophageal cancers [14-16] and
95% of primary and metastatic colorectal cancers [10,17-20].
In normal intestinal epithelial cells, access to GCC (expressed
primarily to the luminal side) is restricted from the vascular
compartment by the epithelial tight junctions [21]; however,
in malignant cells, this anatomically privileged apical localization of GCC is disrupted, enabling agents targeting GCC
to access tumor cells.
TAK-264 (formerly MLN0264) consists of a human monoclonal anti-GCC antibody conjugated to monomethyl auristatin E (MMAE) via a peptide linker [22]. The resulting ADC
is internalized through receptor-mediated endocytosis into
the target tumor cell and transported to the lysosomal compartment where enzymatic cleavage of the peptide linker
releases MMAE, which in turn disrupts microtubule polymerization, leading to apoptotic cell death [12,13]. The tar-

geted nature of ADCs allows for increased drug selectivity
coupled with limited systemic exposure [23].
In the first-in-human study in patients (recruited in United
States and Spain) with GI malignancies (NCT01577758),
TAK-264 demonstrated a manageable safety profile at the
maximum tolerated dose (MTD)/recommended phase 2
dose (RP2D) of 1.8 mg/kg every 21 days, and displayed early
signals of clinical benefit in patients with pancreatic,
esophageal, and gastric carcinomas [22]. Of the 39 responseevaluable patients, two patients with pancreatic carcinoma
experienced a durable stable disease, while one patient with
gastric adenocarcinoma achieved a partial response (PR).
The phase 1 dose-escalation portion of this open-label
multi-center study was designed to evaluate the safety and
tolerability of TAK-264 and to assess whether a MTD/RP2D
of 1.8 mg/kg every 3 weeks or an alternative RP2D would
be appropriate in Asian patients with advanced GI carcinoma.

Materials and Methods
1. Patients
Patients aged  18 years diagnosed with GI carcinoma
expressing GCC (H-score  10, as indicated by immunohistochemistry [IHC]) were eligible [24]. Eligible GI malignancies included gastric carcinoma, esophageal carcinoma,
colorectal carcinoma, small intestine carcinoma, pancreatic
carcinoma, and biliary carcinoma. Patients were required to
have an Eastern Cooperative Oncology Group performance
status of 0 or 1, adequate hematologic function as documented by absolute neutrophil count (ANC)  1.5109/L,
platelet count  100109/L, hemoglobin  9 g/dL, aspartate
aminotransferase and alanine aminotransferase  2.5 upper
limit of normal (ULN), albumin  3 g/dL, serum creatinine
 1.5 ULN, and total bilirubin  1.5 ULN.
Patients with metastatic colorectal carcinoma or gastric carcinoma should have received  2 prior anticancer therapies
for advanced-stage disease and have completed chemotherapy, immunotherapy, or radiation therapy  4 weeks prior
to enrollment. Disease recurrence within 6 months of the last
dose of post-surgical adjuvant chemotherapy accounted for
one line of prior anticancer therapy for advanced disease.
Patients were excluded if they had radiotherapy within
3 weeks prior to enrollment, signs of grade  2 peripheral
neuropathy, concomitant cancer treatment, hormonal therapy, radiotherapy or immunotherapy, concurrent treatment
within 4 weeks of study entry with another investigational
drug, or treatment with any medication with clinical potenVOLUME 50 NUMBER 2 APRIL 2018
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tial risk to prolong the QT interval. Further exclusion criteria
also included use of strong cytochrome P450 (CYP) 3A4
inhibitors within 2 weeks before the first dose of TAK-264 (in
addition strong CYP3A4 inducers were not to be used in
cycle 1 during the dose-limiting toxicity [DLT] evaluation
period). Patients with ongoing anticoagulant therapy, history of myocardial infarction, unstable angina, or thromboembolic events within 6 months prior to enrollment,
current uncontrolled cardiovascular conditions, symptomatic congestive heart failure were also excluded. Also not
included, were patients with electrocardiogram (ECG)
abnormalities considered by the investigator to be clinically
significant, repeated baseline prolongation of the rate-corrected QT interval of electrocardiograph, history of another
primary malignancy that had not been in remission for at
least 3 years, with the exception of curatively treated nonmelanoma skin cancer or in situ carcinoma of the cervix uteri.
Written informed consent was obtained from each patient
prior to initiating study participation.
2. Study design
The study was conducted in compliance with the protocol,
Good Clinical Practices, applicable regulatory requirements,
and International Conference on Harmonisation guidelines.
Institutional review boards and independent ethics committees at the participating investigational centers reviewed and
approved all appropriate study documentation to safeguard
the rights, safety, and well-being of the patients.
This open-label, non-randomized, multicenter study was
conducted in Japan, Korea, and Taiwan in order to evaluate
the effects of TAK-264 in Asian patients with GI malignancies. The study was designed to include a phase 1 dose-escalation portion to precede a phase 2 RP2D portion aimed at
investigating efficacy and safety (ClinicalTrials.gov identifier: NCT02391038). The phase 1 portion of the study utilized
a conventional 3+3 dose-escalation scheme. Eligible patients
received TAK-264 doses (planned dose levels, 1.2, 1.5, 1.8,
2.1, 2.4, and 2.7 mg/kg) on day 1 of 3-week cycles as
30-minute intravenous infusions for up to 1 year or until disease progression or unacceptable toxicity. At least one Japanese patient was included in evaluated dose groups. Neither
a placebo nor an active control was included, and patient
stratification was not planned.
Within the phase 2 portion of the study, an interim analysis
for futility was planned to determine whether the results
would support continuation of the trial and a completion of
enrollment. The investigator-assessed complete response and
PR rate was used as the endpoint for the interim analysis.
The study was to be stopped on the basis of futility if there
were fewer than two responses out of the 12 patients within
each of the three groups with respective low, intermediate,
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and high GCC expression levels.
3. Objectives and assessments
The primary objectives for the phase 1 part of the study
were (1) to evaluate the safety profile including DLTs of
TAK-264, (2) to determine the RP2D, and (3) to characterize
the pharmacokinetic (PK) profile of TAK-264, total antibody
(TAb; conjugated and unconjugated), and MMAE. Secondary endpoints included the antitumor activity of TAK-264.
Archived tumor specimens were used for analysis using a
validated, semi-quantitative GCC IHC assay to confirm the
presence of GCC protein expression. GCC protein expression
was characterized by an H-score, a semi-quantitative scoring
system that uses the sum of the percentage of tumor cells
with a staining intensity of 1+, 2+, and 3+ [24]. Per the eligibility criteria, an H-score of  10 was confirmed prior to
patient enrollment, implying that at least 10% of cells have
shown GCC-positive staining.
DLTs were defined as any of the following events considered by the investigator to be at least possibly related to therapy with TAK-264 occurring within cycle 1: grade 4 neutropenia (ANC < 500 cells/mm3); grade  3 neutropenia with
fever ( 38.5°C) and/or infection; grade 4 thrombocytopenia
(platelets < 25,000/mm3) or thrombocytopenia that requires
platelet transfusion (with or without hemorrhage); grade  3
thrombocytopenia with clinically meaningful bleeding at any
time; anemia that requires blood transfusion; grade  3 nausea and/or emesis that occurs despite the use of optimal antiemetic prophylaxis (includes both a 5-hydroxytryptamine 3
serotonin receptor antagonist and a corticosteroid given in
standard doses and according to standard schedules); grade
 3 diarrhea that occurs despite optimal supportive care
measures; any other grade  3 non-hematologic toxicity (with
the exception of fatigue lasting < 1 week); inability to start
the next cycle of therapy due to treatment delay > 2 weeks
because of inadequate recovery from treatment-related toxicity (either hematologic or non-hematologic); or any other
treatment-related grade  2 non-hematologic toxicities that
required TAK-264 dose reduction or discontinuation.
Thorough PK sampling to determine the serum concentrations of TAK-264 and TAb (conjugated and unconjugated)
and the plasma concentrations of MMAE were performed in
all patients. Blood specimens were taken pre-dose and postdose on day 1, and on days 2, 3, 4, 8, and 15 of each cycle and
at the end of treatment (30±7 days after last dose).
Safety evaluations included adverse event (AE) evaluation
(serious and non-serious), clinical laboratory assessments,
and 12-lead ECGs. AEs were graded using the National Cancer Institute Common Terminology Criteria for Adverse
Events ver. 4.03. Responses were evaluated using the modified Response Evaluation Criteria in Solid Tumors ver. 1.1.
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ficient TAK-264 concentrationtime data to permit reliable
estimation of TAK-264 exposure. The DLT-evaluable population was defined as all patients who either experienced
DLT during cycle 1 or received their scheduled cycle 1 dose
and completed all study procedures in cycle 1 without DLT.
Statistical analyses were planned to be primarily descriptive and graphical in nature with no formal statistical
hypothesis.

Table 1. Patient demographics and baseline characteristics
Characteristic
Age, median (range, yr)
Sex
Male
Female
Race
Korean
Japanese
Chinese
ECOG PS
0
1
Cancer type
Colon
Pancreatic
Rectal
Gastric

No. (%) (n=12)
63 (45-78)
7 (58)
5 (42)
7 (58)
4 (33)
1 (8)

Results

8 (67)
4 (33)

1. Patient disposition and exposure
3 (25)
3 (25)
3 (25)
3 (25)

Values are presented as number (%) unless otherwise indicated. ECOG PS, Eastern Cooperative Oncology Group performance status.

4. Analysis populations and statistical analyses
The safety population included all patients who received
any dose of TAK-264. The response-evaluable population
included all patients with measurable disease who received
 1 dose of TAK-264 and had  1 post-baseline response
assessment. The PK-evaluable population was defined as all
patients who received  1 dose of TAK-264 and who had suf-

Twelve patients with colon, pancreatic, rectal, and gastric
cancers (three patients each) were enrolled in the phase 1 doseescalation portion of this study. Patient demographics and
baseline characteristics are summarized in Table 1. The majority of patients (83%) had stage IV disease, and one patient had
advanced pancreatic (T3N0M0) disease. All 12 patients
received at least one prior anticancer therapy. Two of the
12 patients received prior radiation therapy. All patients had
discontinued treatment due to disease progression.
Three patients received TAK-264 1.2 mg/kg, three patients
received TAK-264 1.5 mg/kg, and six patients received
TAK-264 1.8 mg/kg, on day 1 of 3-week cycles. Overall
median number of study treatment cycles received was two
(range, 1 to 10). Eight patients completed two cycles
(1.2 mg/kg, n=3; 1.5 mg/kg, n=2; 1.8 mg/kg, n=3). Three
patients completed more than two cycles (two patients treated
with TAK-264 1.8 mg/kg completed four and six cycles; one
patient treated with TAK-264 1.5 mg/kg completed 10 cycles).

Table 2. Most common (reported by  10% of patients) treatment-emergent adverse events by grade and severity
Adverse event
Anorexia
Neutropenia
Nausea
Vomiting
Abdominal pain
Ascites
Constipation
Diarrhea
Fever
Asthenia
Myalgia

No. (%) (n=12)
All grades

Grade 1

Grade 2

Grade 3 / 4

4 (33.3)
4 (33.3)
4 (33.3)
3 (25.0)
2 (16.7)
2 (16.7)
2 (16.7)
2 (16.7)
2 (16.7)
2 (16.7)
2 (16.7)

1 (8.3)
0(
3 (25.0)
1 (8.3)
0(
0(
0(
1 (8.3)
2 (16.7)
1 (8.3)
2 (16.7)

3 (25.0)
3 (25.0)
1 (8.3)
2 (16.7)
2 (16.7)
1 (8.3)
2 (16.7)
1 (8.3)
0(
0(
0(

0(
1 (8.3)
0(
0(
0(
1 (8.3)
0(
0(
0(
1 (8.3)
0(
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Table 3. Summary of PK parameters following cycle 1 administration of TAK-264 (PK-evaluable population)

Cmax, mean (CV, µg/mL)
Ctrough, mean (CV, µg/mL)
AUCinf, mean (CV, dayµg/mL)
Tmax, median (range, day)
T1/2, median (range, day)

TAK-264
1.2 mg / kg (n=3)

TAK-264
1.5 mg / kg (n=3)

TAK-264
1.8 mg / kg (n=6)

25.62 (3.5)
0.20 (5.63)a)
42.97 (10.8)a)
0.03 (0.02-0.03)
5.49 (5.44-5.53)a)

33.84 (18.3)
0.31 (15.71)b)
63.58 (10.1)b)
0.03 (0.03-0.03)
6.60 (4.82-8.59)b)

35.77 (20.2)
0.26 (30.45)
60.09 (12.1)
0.03 (0.03-0.03)
5.46 (4.70-6.54)

Values are presented as geometric mean (% coefficient of variation [CV]) or median (range). PK, pharmacokinetic; Cmax, maximum observed concentration; Ctrough, plasma trough concentration measured at the end of a dosing interval; AUCinf, area
under the concentration–time curve from time 0 to infinity; Tmax, time to first occurrence of Cmax; T1/2, half-life. a)n=2, b)n=4.

The majority of patients (75%) received a cumulative total dose
of TAK-264 of between 1.8 mg/kg and 3.6 mg/kg.
2. Safety
None of the 12 patients experienced a DLT and the MTD
was therefore not established. A grade 3 neutropenia event
was observed in the 1.8 mg/kg dose cohort.
The safety profile of TAK-264 is summarized in Table 2. Ten
patients (83%) experienced a treatment-emergent AE (TEAE)
and five patients (42%) experienced grade  3 TEAEs, which
consisted of tumor hemorrhage and hypertension, ascites,
adrenal insufficiency, neutropenia, and asthenia. Five patients
(42%) experienced AEs that were assessed as related to study
drug by the investigator and were primarily grade 1 and grade
2. Two patients experienced treatment-related grade 3 AEs;
two instances of grade 3 neutropenia. Four patients experienced a serious AE that was considered unrelated to TAK-264.
These were tumor hemorrhage and ascites; asthenia; abdominal distension; and adrenal insufficiency. These AEs were
considered by the investigators disease related or resulted
from disease progression.
Three patients required a dose reduction due to an AE (one
with grade 2 neutropenia, two with grade 3 neutropenia) and
one patient required a dose delay due to an AE (grade 2 neutropenia), all of which were considered related to TAK-264.
One patient discontinued due to both disease progression and
an AE (grade 3 tumor hemorrhage) which was considered by
the investigator to be unrelated to TAK-264. No patients died
while on study.
3. Pharmacokinetics
All 12 patients were included in the PK analysis (Table 3).
Exposure to TAK-264, as measured by maximum observed
concentration and area under the concentration–time curve,
increased approximately proportionally with the dose. The
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median half-life (approximately 5.5-6.6 days) was similar for
all dose cohorts (Table 3). The mean serum concentrations of
TAK-264 and TAb and mean plasma concentration of MMAE
were also generally dose dependent (data not shown).
4. Antitumor activity
All 12 patients were response evaluable. There were no
objective responses; three patients had stable disease. One
patient, a 48-year-old female diagnosed with T3N0M1 metastatic rectal cancer stage IV KRAS-mutant, who was treated
with TAK-264 1.5 mg/kg had stable disease  6 months
(duration, 225 days). Two additional patients, specifically a
63-year-old male affected by stage IV metastatic rectal cancer
and a 56-year-old female with stage IV metastatic rectal cancer
KRAS-mutant both treated with TAK-264 1.8 mg/kg experienced a stable disease lasting respectively 81 and 46 days.
As the preliminary PK profile and overall response findings
demonstrated similarities between the Western [22] and Asian
patient populations, the study was terminated during the
phase 1 portion and phase 2 was not initiated.

Discussion
TAK-264 administered as an intravenous infusion on
day 1 of a 3-week cycle to Asian patients demonstrated a
manageable safety profile in patients with recurrent or
metastatic GI cancers. Common TEAEs reported in this study
included anorexia, neutropenia, nausea, and vomiting,
which were mostly grade 1 and 2 toxicities. Such a safety profile is consistent with that observed for TAK-264 in the Western population studies and for the ADCs brentuximab
vedotin, polatuzumab vedotin, and pinatuzumab vedotin.
These treatments were similarly associated with GI AEs
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(nausea and diarrhea), as well as fatigue, neutropenia, diarrhea, pyrexia, and peripheral neuropathy, in patients with
hematologic malignancies [25-27]. During this study, one
patient (8%) experienced grade 1 peripheral neuropathy,
which is consistent with the prior clinical experiences of
GCC-positive patients with GI malignancies [22] who participated in earlier phase 1 and phase 2 studies of TAK-264 [28].
The limited activity observed in this Asian population was
consistent with that observed in other studies of TAK-264 in
comparable Western patient populations who participated
in phase 1 [22] and phase 2 [28] studies, where objective
response rates (all PRs) of 3% and 6%, respectively, have
been shown. In all three studies, increases in exposure to
TAK-264 and free MMAE were approximately proportional
to dose observed. Detectable serum concentrations of ADCs
were evident prior to the commencement of cycle 2 (shown
in Table 3 as plasma trough concentration measured at the
end of a dosing interval), which suggests that the limited
antitumor activity observed in those patients was not a consequence of a lack of circulating levels of the ADC (TAK-264)
in the blood. The systemic exposure to TAK-264 observed in
this study is similar to those reported for the Western population [22]. Due to compelling similarities between the Western and Asian patient populations, further clinical investigation in Asian patients was not considered critical to estimating the therapeutic potential of this experimental agent.
The study was terminated and the phase 2 portion was not
initiated.
In most of the ADCs in development to date, the cytotoxic
payload and lysine or cysteine residues on the targeting
antibody are non-selectively conjugated (via a stable or cleavable linker) [29,30]. This may result in a variable drug-antibody ratio and a heterogeneous ADC product, potentially
impacting on clinical efficacy and safety [29,30]. It is expected
that site-specific conjugation can maintain antitumor efficacy
while reducing systemic toxicity, improving the therapeutic

index of an ADC [31]. Alternative payloads also have the
potential to improve the clinical efficacy of the next generation of ADCs [29]. Given the high frequency of its expression
in GI cancers, GCC remains a promising target for future
ADC development.
In conclusion, the clinical experience with TAK-264 in
Asian patients is comparable to that observed in Western
patients, with a manageable safety profile and limited antitumor activity. Given the modest clinical benefit observed in
this and other trials of TAK-264 in patients with advanced
GI malignancies, further evaluation of single-agent TAK-264
is not warranted in this setting. Further development of
ADCs targeting GCC may lead to more effective therapeutic
modalities.
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Development and Evaluation of a Korean Version of a Thyroid-Specific
Quality-of-Life Questionnaire Scale in Thyroid Cancer Patients

Purpose
The purpose of this study was to develop a Korean version of the self-reported thyroid-specific quality of life (QoL) questionnaire for thyroid cancer patients (KT-QoL), and to evaluate
its reliability and validity.
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Materials and Methods
Two hundred seventy-two patients who underwent thyroidectomy from January to December
2010 were recruited in this study. The original version of the thyroid QoL was translated into
Korean and evaluated for its reliability and validity. Using the developed KT-QoL, the postoperative QoL was evaluated until postoperative 1 year.
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Results
At the preoperative baseline, the item internal consistency (IIC) ranged from 0.19 to 0.76,
with low IIC values for items 2, 17, and 27. Item discriminant validity ranged from 86% to
97%. These values were similar at the postoperative periods. The internal consistency reliability (Cronbach’s ) was high for all dimensions, ranging from 0.90 to 0.95. The test-retest
reliability (intraclass correlation coefficient) was acceptable (0.74-0.82). The external validity
examined by the correlation between the item 1j (voice changes) of KT-QoL and the voice
handicap index-30 ranged from 0.51 to 0.75. Patients’ QoL scores decreased after surgery,
which demonstrated the sensitivity of the questionnaire. The QoL scores in patients with
lobectomy showed best QoL scores postoperatively and those with receiving radioactive
iodine still showed decreased QoL scores along the postoperative periods.
Conclusion
These results demonstrate that KT-QoL is a valid instrument for evaluating QoL of Korean
patients with thyroid cancer.
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Quality of life, Thyroid gland, Thyroid neoplasms,
Surveys and questionnaires, Validation studies
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Introduction
Traditionally, the aim of cancer treatment has been focused
on prolonging patient survival. However, in the case of thyroid cancer, differentiated thyroid carcinoma (DTC), which
comprises approximately 90% of all thyroid malignancies,
shows good survival outcomes [1]. Surgery is a standard
strategy for the treatment of thyroid cancer, and adjuvant
radioactive iodine (RAI) therapy is often administrated in
most advanced cases [2,3]. The average life-expectancy of
thyroid cancer patients is not different from that of the general population [4,5]. Therefore, the current thyroid cancer
guidelines for patient care are shifting toward decreasing
morbidity and increasing the quality of life (QoL) from
merely increasing the survival rate [2,3].
Despite the recent introduction of robotic/endoscopicassisted thyroidectomy and intraoperative neuromonitoring,
which have resulted in improved cosmetic and atraumatic
surgical outcomes, most thyroid cancer survivors experience
the surgery-related complications including recurrent laryngeal nerve palsy and/or hypocalcemia [6,7]. RAI therapy has
several complications including salivary, eye, gastrointestinal, and hematologic disturbances, depending on the total
dose of administered RAI [8]. Also, thyroid cancer survivors
are exposed to the high rate of recurrence and the recurrent
tumors might develop 10-20 years after the initial treatment
[9]. In cases of these recurrent tumors, additional surgery and
RAI therapy are indicated. Meanwhile, psychologically, thyroid cancer survivors might have adaptation problems [10].
All these could potentially affect patient’s health-related
QoL.
Several questionnaires exist to measure patient’s healthrelated QoL in thyroid cancer. The most commonly used
measures include short-form 36 (SF-36), European Organization for Research and Treatment in Cancer-Quality of Life
Questionnaire C30 (EORTC-QLQ C30), Functional assessment in cancer therapy-general (FACT-G), and thyroid-specific QoL scale (T-QoL) [10]. The first three questionnaires
were developed to measure the QoL in general cancer survivors, and all of these were developed and validated in the
Korean population [11-13]. As mentioned earlier, thyroid
cancer survivors often face unique QoL problems, as compared to survivors of other types of cancer. Therefore, it is
important to focus on thyroid-specific QoL issues to investigate the impact of primary treatment on QoL, which can be
used to devise follow-up strategies. T-QoL was developed in
the United States, in English, to focus on the health-related
QoL specific to thyroid cancer survivors [14].
No QoL questionnaires designed specifically for thyroid
cancer patients have undergone systematic development and
evaluation in Korea. A simple and direct translation of the
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published questionnaire usually fails to convey the originally
intended contents because of linguistic and cultural differences. Thus, more systematic translation and cross-cultural
adaptation processes are essential. Therefore, we conducted
this study to develop a Korean version of the self-reported
questionnaire for thyroid cancer patients (KT-QoL), and to
evaluate its reliability and validity.

Materials and Methods
1. Korean translation
The English version of the T-QoL was translated into
Korean by two bilingual translators. Physicians reviewed the
initially produced Korean version, which was then backtranslated into English by a bilingual physician. Both English
versions were compared for consistency in order to detect
the presence of ambiguous or inadequate items, and then
were used to produce the final version (Supplementary
Material).
2. Participants
Patients planning to undergo thyroidectomy were
recruited between January and December 2010 with the following criteria: (1) age 25-80 years, (2) diagnosed with differentiated thyroid carcinoma, and (3) no previous cancer
history. Based on these criteria, 272 patients were eligible for
inclusion in the analyses. All participants underwent thyroidectomy as described previously [15]. The surgical procedures were performed by experienced thyroid surgeons.
Prophylactic or therapeutic central neck dissection, which
included the pretracheal, prelaryngeal, and paratracheal
nodes, was performed on all patients. RAI therapy was recommended 2-4 months after surgery, depending on the risk
stratifications included in the guidelines of the American
Thyroid Association, after a full interdisciplinary discussion
[16]. All enrolled patients were followed for > 12 months.
KT-QoL and Voice Handicap Index 30 (VHI-30) were taken
preoperatively and at 1 month, 6 months, and 12 months
after surgery. All participants provided a written informed
consent according to the policies and procedures approved
by the institutional review board of the National Cancer Center, Korea (NCCNCS-09-294).
3. Survey questionnaire details
The T-QoL contains 30-items, ordinal disease-specific
scales with four dimensions: physical (items 1-2), psycholog-
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ical (items 3-15), social (items 16-23), and spiritual (items 2430) well-being. However, some of items (items 1, 12, 15, 20,
and 21) have multiple sub-scale items. We dealt with each of
these items as separate individual items. Each item was
scored on a 10-point scale, with 0 representing the worst possible and 10 representing the best possible QoL. The scores
were reversed for negatively worded items (item 1, 3, 10-23,
and 27), and hence a lower score indicated a lower QoL.
Because item 12 (12a-g) could only be answered after surgery, it was excluded from the analysis. Patients with missing data on more than 10% of the items were excluded from
the analysis, and the remaining missing data were imputed
using the regression method [17].
4. Statistical analysis
Demographic and clinical characteristics of the study population are presented as median (range) for continuous, and
counts (proportions) for categorical variables. The multi-item
scale score for each dimension was calculated by summing
the scores, and then by transforming scores to a scale of 0 to
100. The QoL scale score for each dimension is then summarized as a median scale score (interquartile range) and the
proportion of respondents scoring at the highest (ceiling) and
lowest (floor) level. Each item’s internal consistency (IIC) was
calculated by the Pearson’s correlation between an item and
the scale score from all the remaining items in the same
dimension [18]. Moreover, item discriminant validity (IDV)
was measured by examining whether an item’s correlation
with its hypothesized dimension is significantly higher than
that with other dimensions. The internal consistency reliabilities of items in each dimension and the whole questionnaire
were evaluated by Cronbach’s alpha coefficient. To assess
test-retest reliability, the intraclass correlation coefficient
(ICC) between two time points was measured for 1 month,
6 months, and 12 months after surgery. The external validity
of the questionnaire was examined by the Spearman’s correlation coefficient between the item 1j (voice changes) of
KT-QoL and VHI-30. The Spearman’s correlation coefficients
between scale scores of different dimensions were calculated
to investigate the relationship between dimensions. The
mean scale scores between different time points and clinical
groups (sex, treatment modality, and tumor stage) were compared based on a mixed effect model. All the statistical analyses were performed using R statistical software ver. 3.1.2 and
SAS ver. 9.3 (SAS Institute Inc., Cary, NC).

Table 1. Demographic and clinical characteristics of the
study population
Variable

No. (%) (n=259)

Age, median (range, yr)
Sex
Male
Female
TNM stage (AJCC 7th)
Stage I, II
Stage III, IV
Benign
Type of surgery
Lobectomy
Total thyroidectomy
Total thyroidectomy+RAI

47 (19-75)
58 (22.4)
201 (77.6)
159 (61.4)
95 (36.7)
5 (1.9)
59 (22.8)
56 (21.6)
144 (55.6)

AJCC, American Joint Committee on Cancer; RAI, radioactive iodine.

Results
1. Baseline characteristics
A total of 272 thyroid cancer patients were recruited in the
study. After excluding patients with missing data on more
than 10% of the items, data on 259 patients were used for the
analysis of the preoperative QoL, and 237, 233, and 223
patients were used for 1 months, 6 months, and 12 months
after surgery, respectively. The median age of the study population at baseline was 47 years (range, 19 to 75 years), and
201 of the participants (77.6%) were female. Within the study
population, 201 patients (77.6%) underwent total thyroidectomy and of them, 144 patients (55.6%) administered RAI 2-4
months after surgery. Overall stage III and IV were 95 patients
(36.7%) (Table 1). Among the 259 subjects, no patient had a T4
level < 0.89 mg/mL or a thyroid-stimulating hormone level
> 4.05 µIU/mL at any time point (before and 1, 6, and 12
months after thyroidectomy).
2. Reliability and validity of the KT-QoL
The item internal validity was confirmed by the acceptable
IIC and IDV values. At baseline (preoperative), the IIC values
ranged from 0.19 to 0.76. Low IIC values were obtained from
items 2, 17, and 27, which correspond to the overall physical
well-being, support on social concern, and uncertainty on spiritual well-being, respectively. The IICs of all the items except
these three were greater than 0.4 at all the time points. The IDV
ranged from 86% to 100%, which represents excellent discrimVOLUME 50 NUMBER 2 APRIL 2018
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Physical
Psychological
Social
Spiritual
Physical
Psychological
Social
Spiritual
Physical
Psychological
Social
Spiritual
Physical
Psychological
Social
Spiritual

13
15
14
7
13
15
14
7
13
15
14
7
13
15
14
7

No. of
items
86.2 (75.8 to 91.9)
64.0 (52.7 to 77.7)
80.0 (65.7 to 88.6)
51.4 (38.6 to 69.3)
77.7 (63.8 to 86.9)
58.8 (47.1 to 71.2)
74.3 (56.4 to 84.3)
54.3 (44.3 to 70.0)
78.5 (64.6 to 88.5)
61.7 (49.4 to 72.8)
76.4 (64.3 to 87.9)
54.3 (42.9 to 70.0)
77.7 (64.6 to 88.5)
61.1 (48.9 to 73.3)
79.3 (63.6 to 87.9)
54.3 (43.6 to 71.4)

Scale scores, median
(interquartile range)

QoL, quality of life; IIC, item internal consistency; IDV, item discriminant validity.

12 Months after surgery (n=223)

6 Months after surgery (n=233)

1 Month after surgery (n=237)

Before surgery (n=259)

Dimension

Table 2. Thyroid QoL dimension characteristics

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

3.09
1.16
1.93
0.00
0.00
0.00
1.27
1.27
0.43
1.29
1.72
1.72
1.79
0.90
3.59
1.35

Floor (%) Ceiling (%)
0.18 to 0.73
0.27 to 0.71
0.10 to 0.76
0.19 to 0.68
0.19 to 0.72
0.40 to 0.78
0.17 to 0.79
0.19 to 0.65
0.11 to 0.77
0.34 to 0.75
0.04 to 0.79
0.07 to 0.64
0.21 to 0.77
0.37 to 0.81
0.07 to 0.81
0.08 to 0.68

IIC
(min-max)

IDV (%)
97
93
95
86
95
98
100
86
92
96
100
86
95
94
98
86

IDV
(min-max)
0.11 to 0.4
0.26 to 0.55
0.22 to 0.59
0.23 to 0.63
0.14 to 0.57
0.17 to 0.67
0.22 to 0.69
0.28 to 0.68
0.13 to 0.65
0.16 to 0.63
0.12 to 0.63
0.23 to 0.68
0.06 to 0.65
0.16 to 0.65
0.11 to 0.66
0.14 to 0.71

0.84
0.87
0.87
0.73
0.88
0.91
0.92
0.72
0.88
0.91
0.92
0.74
0.91
0.92
0.92
0.74

0.95

0.94

0.94

0.90

Cronbach’s 
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Table 3. Test-retest ICC between three tests (1 month, 6 months, and 12 months after surgery) for reproducibility
Dimension
ICC between 1 mo and 6 mo (n=210)

ICC between 1 mo and 12 mo (n=207)

ICC between 6 mo and 12 mo (n=208)

Physical
Psychological
Social
Spiritual
Physical
Psychological
Social
Spiritual
Physical
Psychological
Social
Spiritual

ICC
0.716
0.748
0.727
0.756
0.701
0.681
0.655
0.694
0.799
0.750
0.719
0.757

0.813

0.742

0.822

ICC, intraclass correlation coefficient.

ination between dimensions. The lowest value of IDV was
observed for the spiritual domain, which was 86% (Table 2).
The percentage of the patients with highest and lowest possible scores was low, evidenced by the flooring and ceiling
percentages presented in Table 2. The internal consistency
reliability was high, as verified by Cronbach’s  coefficients
ranging from 0.90 to 0.95 at all the time points. Cronbach’s 
coefficient of each dimension ranged from 0.72 to 0.92, with
lowest value observed for the spiritual dimension (Table 2).
The test-retest reliability was examined using ICC between
postoperative 1 month and 6 months, 1 month and 12 months,
and 6 months and 12 months. The ICCs between postoperative
1 and 6 months, and 6 and 12 months, were 0.81 and 0.82,
respectively. The value was reduced to 0.74 between 1 and
12 months (Table 3).
To examine the external validity, the Spearman’s correlation
between item 1j (voice changes) of KT-QoL and VHI-30 was
calculated. The Spearman’s correlation at each time point
ranged from 0.51 to 0.75 (p < 0.001), which was the strongest
at 1 month after surgery, followed by 12 months after surgery,
6 months after surgery, and the preoperative period (Table 4).
All dimensions except the spiritual dimension were well correlated with each other, with correlations range from 0.37 to
0.91 (Table 5).
3. Comparison of mean KT-QoL scale scores over time
The total QoL score decreased significantly after surgery at
all the time points. After a rapid decrease at postoperative
1 month, it increases at 6 and 12 months postsurgery, but not
fully to the level of the preoperative baseline (p < 0.001). The
scores for physical well-being decreased sharply at 1 month
postsurgery, and remained low until 12 months postsurgery.

Table 4. Spearman’s correlation coefficients between
KT-QoL 1j item and VHI-30
Before surgery
1 Month after surgery
6 Months after surgery
12 Months after surgery

Correlation

p-value

0.510
0.750
0.603
0.622

< 0.001
< 0.001
< 0.001
< 0.001

KT-QoL 1j item: voice changes. KT-QoL, Korean version of
the self-reported questionnaire for thyroid cancer patients;
VHI-30, Voice Handicap Index 30.

As for the QoL scores for psychological and social well-being,
they also decreased significantly at 1 month postsurgery.
However, these scores were recovered fully at 6 and 12
months postsurgery. On the other hand, the scores for the spiritual dimension did not change substantially after surgery
(p=0.355) (Fig. 1).
The total QoL scores stratified by surgical extent and postoperative RAI therapy were significantly different along the
postoperative periods (p=0.001). The total QoL scores in
patients with lobectomy showed best QoL scores postoperatively. Patients with total thyroidectomy groups experienced
decreased QoL at postoperative 1 month. These scores were
recovered at postoperative 6 months and 12 months for
patients who did not receive RAI. However, the consistently
decrease QoL scores were observed for those who received
RAI. As for the QoL scores for psychological (p=0.043) and
social well-being (p=0.019), similar trends with overall QoL
sores were observed. The scores for physical and spiritual
well-being were not significantly different between three
VOLUME 50 NUMBER 2 APRIL 2018

409

Cancer Res Treat. 2018;50(2):405-415

Table 5. Spearman’s correlation coefficients between KT-QoL dimensions
Physical
Before surgery
Physical
Psychological
Social
Spiritual
Total score
1 Month after surgery
Physical
Psychological
Social
Spiritual
Total score
6 Months after surgery
Physical
Psychological
Social
Spiritual
Total score
12 Months after surgery
Physical
Psychological
Social
Spiritual
Total score

Psychological

Social

Spiritual

Total score

1.000
0.490
0.373
0.044
0.662

1.000
0.603
0.030
0.856

1.000
0.018
0.784

1.000
0.250

1.000

1.000
0.596
0.689
0.082
0.799

1.000
0.687
0.108
0.896

1.000
0.102
0.857

1.000
0.177

1.000

1.000
0.626
0.688
0.012
0.820

1.000
0.666
0.150
0.894

1.000
0.003
0.835

1.000
0.275

1.000

1.000
0.654
0.634
0.051
0.800

1.000
0.684
0.192
0.907

1.000
0.088
0.840

1.000
0.317

1.000

KT-QoL, Korean version of the self-reported questionnaire for thyroid cancer patients.

Total

90

Physical
Social
Psychological
Spiritual

85
Mean KT-QoL scale scores

85
Mean KT-QoL scale scores

Domain

90

80
75
70
65
60

80

70

50

50
Post 6 mo

Post 12 mo

p < 0.001

60
55

Post 1 mo

p < 0.001

65

55
Preoperative

p < 0.001

75

p=0.355

Preoperative

Post 1 mo

Post 6 mo

Post 12 mo

Fig. 1. Comparison of mean Korean version of the self-reported questionnaire for thyroid cancer patients (KT-QoL) scale
scores over time.
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Physical well-being
Lobectomy
TT
TT+RAI

80
75
70
65
60
55
Preoperative

Post 1 mo

Post 6 mo

Mean KT-QoL scale scores

80
75
70
65
60
55
Preoperative

Post 1 mo

Post 6 mo

60
p=0.043

Preoperative

Post 1 mo

Post 12 mo

Spiritual well-being

90

Lobectomy
TT
TT+RAI

85
80
75
70
65
60
p=0.834

50
Post 12 mo

Post 6 mo

Preoperative

Post 1 mo

Post 6 mo

Post 12 mo

Total

90

Lobectomy
TT
TT+RAI

85
Mean KT-QoL scale scores

65

55

p=0.019

50

70

Post 12 mo

Lobectomy
TT
TT+RAI

85

75

50

Social well-being

90

80

55

p=0.166

50

Lobectomy
TT
TT+RAI

85

Mean KT-QoL scale scores

Mean KT-QoL scale scores

85

Phychological well-being

90
Mean KT-QoL scale scores

90

80
75
70
65
60
55

p=0.011

50
Preoperative

Post 1 mo

Post 6 mo

Post 12 mo

Fig. 2. Comparison of mean Korean version of the self-reported questionnaire for thyroid cancer patients (KT-QoL) scale
scores over time according to treatment strategy. TT, total thyroidectomy; RAI, radioactive iodine.
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Physical well-being

90

Stage I, II
Stage III, IV

80
75
70
65
60
55
Preoperative

Post 1 mo

Post 6 mo

75
70
65
60

Preoperative

Post 1 mo

Post 6 mo

p=0.082

Post 1 mo

Post 12 mo

Spiritual well-being

90

Stage I, II
Stage III, IV

85
80
75
70
65
60

p=0.960

50
Post 12 mo

Post 6 mo

Preoperative

Post 1 mo

Post 6 mo

Post 12 mo

Total

90

Stage I, II
Stage III, IV

85
Mean KT-QoL scale scores

60

55

p=0.074

50

65

Preoperative

Mean KT-QoL scale scores

Mean KT-QoL scale scores

80

55

70

Post 12 mo

Stage I, II
Stage III, IV

85

75

50

Social well-being

90

80

55

p=0.007

50

Stage I, II
Stage III, IV

85
Mean KT-QoL scale scores

Mean KT-QoL scale scores

85

Phychological well-being

90

80
75
70
65
60
55

p=0.002

50
Preoperative

Post 1 mo

Post 6 mo

Post 12 mo

Fig. 3. Comparison of mean Korean version of the self-reported questionnaire for thyroid cancer patients (KT-QoL) scale
scores over time according to tumor stages.
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groups. (Fig. 2).
When the QoL scores were compared by stages, the total
QoL scores in advanced stages were much decreased during
the postoperative periods compared to those in early stages
(p=0.002) as expected. Also, the QoL scores for physical wellbeing (p=0.007) were significantly decreased for those with
advanced stages. Marginal significance was observed for the
QoL scores for psychological (p=0.082) and social well-being
(p=0.074). However, the scores for spiritual well-being were
not significantly different between stage groups (Fig. 3). No
difference in QoL scores was observed when the scores were
compared between male and female (data not shown).

Discussion
In this study, we developed the KT-QoL questionnaire and
evaluated its reliability and validity in Korean patients in
order to establish a system for better and more specific documentation of QoL during the treatment of thyroid cancer.
Considering DTC has become the most prevalent cancer, and
enhancing quality of survivorship is becoming a major issue
for these patients, solid documentation of self-reported QoL
might be important for precise monitoring of outcomes. The
questionnaire system provided herein, designed specifically
for thyroid cancer, could serve this role.
Our analysis revealed good internal validity of the
KT-QoL. IICs were greater than 0.4, and IDVs were greater
than 85% in all time points. This implies that the items in the
same dimension are well grouped, and that items in different
dimensions are well discriminated. Internal reliability analysis with Cronbach’s alpha > 0.9 revealed an excellent internal
reliability. Test-retest reliability analysis with IIC also
showed good consistency at each time point. However, items
2, 17, and 27 showed low IIC values. Item 2 asks overall
physical well-being, and items 17 and 27 ask about support
and uncertainty, respectively. Because the original English
version did not report any data on internal validity, we are
not certain whether this is a consequence of cultural difference or a problem in the questionnaire itself. Our analysis
revealed also good external validity. The Spearman’s correlation between item 1j (voice changes) of KT-QoL and VHI30 at each time point showed moderate positive correlation
at preoperative period, whereas strong correlation at postoperative 1, 6, and 12 months. This may be due to the voice
change after surgery. In general, thyroid cancer does not produce any symptoms unless they invade adjacent structures
including recurrent laryngeal nerve, trachea and esophagus.
They usually have normal voice before surgery, however,
experienced significant vocal compromise after surgery

[15,19]. Preoperative normal voice may show relative low
correlation between 1j of KT-QoL and VHI-30. Despite these
minor problems, the result generally represents good internal and external validity [14,20].
Several well-known questionnaires measure the QoL in
cancer patients, including the SF-36, EORTC-QLQ C30, and
FACT-G questionnaires. These questionnaires focus on the
general status of patients’ QoL. Most QoL studies in thyroid
cancer used these general questionnaires [10]. These general
questionnaires are good not only to assess the general
demand and deficiency of life quality, but also to compare
relative life quality between different types of cancers. However, these may not be able to fully evaluate the impact of
thyroid-specific treatment on the QoL. All patients after total
thyroidectomy should take the thyroid hormone replacement, and some patients should undergo additional RAI
therapies based on their disease status. Most patients present
with minor or major voice problems after surgery [15]. All of
these could have an influence on a given patient’s QoL. The
KT-QoL developed and validated in this study includes the
symptoms of surgery related complications, symptoms of
thyroid hormone excess and deficiency, as well as general
symptoms. Thus, it can capture the problems that are specific
to thyroid cancer patients. Moreover, it consists of 49 items
(54 sub-scales), which are easy to understand and do not take
long time to complete. This is helpful for patient compliance.
In fact, among 272 eligible patients, only 17 patients (6.3%)
were excluded from the analysis due to missing responses.
All these represent the suitability of the KT-QoL.
However, before using this questionnaire, the researchers
should pay attention to one problem. This stems from the
fact that this questionnaire includes all thyroid related symptoms, including treatment related symptoms. Item 12 is part
of the psychological domain, and it consists of multiple subscale items that are focused on the psychological effect of surgery, RAI therapy, and thyroid hormone replacement
therapy. These important items can measure the decrease in
QoL after treatment. However, these cannot be evaluated
before treatment. Therefore, caution is needed when interpreting the results of the treatment effect on QoL. If the
researchers measure the QoL scores as a sum of each item
score, the total QoL scores will decrease in patients who
underwent surgery or RAI therapy. Therefore, we removed
the item 12 in questionnaires for validation. We believe that
item 12 should be analyzed separately, and that when doing
so the reference baseline time should be immediately after
treatment.
Our analysis using KT-QoL revealed that the patients
experienced decreased QoL after thyroidectomy. After surgery, the physical, psychological, and social domains were
decreased at 1 month after surgery, although they showed
improvement 6 months after surgery. Postoperative 12
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months QoL scores were not changed significantly compared
to 6 months after surgery. However, thyroidectomy did not
seem to affect the spiritual aspect. The QoL scores for spiritual domain did not change significantly along the postoperative periods. On correlation analysis between each
domain, the spiritual domain also showed low correlation
with other domains. This is in line with QoL studies using
original T-QoL. They also reported that the scores for spiritual domain did not show any significant change after thyroidectomy [14]. Most of QoL questionnaires including
EORTC-QLO C30, SF-36, and FACT-G did not weight to the
spiritual domains [11-13]. Therefore, the impact of thyroid
cancer on the spiritual domain is not well-known. One of the
possible explanations is that the treatment of thyroid cancer
is known to be relatively easy to endure compared to that of
other types of cancer, and, therefore, it is not a major determinant of the change in spiritual behavior. Other possible
explanation is that low enrolled patients fail to document significant change about the spiritual aspect. In our serial analysis, the QoL scores for spiritual domain tends to increase after
thyroidectomy, which may mean that the patients have serious attitude toward life after being diagnosed with thyroid
cancer. This hypothesis should be validated with larger
patients’ series.
Surgical extent and postoperative RAI administration have
impacts on the patient’s QoL, mainly in social and psychological aspects. The QoL scores in patents with lobectomy
did not change after surgery, however, total thyroidectomy
affected patients’ QoL. Patients with total thyroidectomy
groups experienced decreased QoL at postoperative
1 month. These scores were recovered at postoperative
6 months and 12 months in patients with total thyroidectomy
who did not receive RAI. However, patients receiving RAI
continued to experience decreased QoL within 1 year after
thyroidectomy. Total thyroidectomy tends to present with

more surgery-related complications despite the obvious benefit for recurrence and survival [10,21]. Recently developed
thyroidectomy guidelines reflect these aspects and recommend the decreased surgical extent and RAI therapy [2].
The advanced stages also have impact on patients’ QoL.
The patients with advanced stages experienced decreased
total QoL scores during the postoperative periods. This may
be partly due to the difference of treatment modality
between stages. In our data set, 88.1% of lobectomy and
89.5% of total thyroidectomy without RAI thearpy patients
had early stages. For proper comparison, the surgical extent
and subsequent RAI administration should be adjusted, and
a controlled study with a large sample size is required.
In summary, questionnaires must be validated when
developed in a different language for appropriate use. In this
study, we developed and validated KT-QoL. Using KT-QoL,
we found that patients’ QoL decreased after surgery. The
treating physician should be mindful of this to improve postsurgery patient care.
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Purpose
While colorectal cancer (CRC) is common in Asian countries, screening for CRC is not. Moreover, CRC screening behaviors in Asian populations remain largely unknown. The present
study aimed to investigate the stages of adopting CRC screening in Korea according to
screening modality.
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Materials and Methods
Data were obtained from the 2014 Korean National Cancer Screening Survey, a cross-sectional survey that utilized nationally representative random sampling to investigate cancer
screening rates. A total of 2,066 participants aged 50-74 years were included in this study.
Chi-square test and multinomial logistic regression were applied to determine stages of adoption for fecal occult blood test (FOBT) and colonoscopy and factors associated with each
stage.
Results
Of 1,593 participants included in an analysis of stage of adoption for FOBT, 36% were in
action/maintenance stages, while 18%, 40%, and 6% were in precontemplation, contemplation, and relapse/relapse risk stages, respectively. Of 1,371 subjects included in an
analysis of stage of adoption for colonoscopy, 48% were in action/maintenance stages,
with 21% in precontemplation, 21% in contemplation, and 11% in relapse/relapse risk
stages. Multinomial logistic regression highlighted sex, household income, place of residency, family history of cancer, having private cancer insurance, smoking status, alcohol
use, and regular exercise as being associated with stages of adoption for FOBT and
colonoscopy.
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Conclusion
This study outlines the distributions of stages of adoption for CRC screening by screening
modality. Interventions to improve screening rates should be tailored to individuals in particular stages of adoption for CRC screening by modality.

Introduction
Colorectal cancer (CRC) is a common malignancy and the
leading cause of cancer-related deaths worldwide [1]. CRC
is the third most frequent cancer in men (746,000 cases, 10.0%
of all cancers) and the second in women (614,000 cases, 9.2%
of all cancers) worldwide. While nearly 55% of all CRC cases
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occur in more developed regions, the overall mortality rate
thereof is relatively low (694,000 deaths, 8.5% of all CRC
cases): most deaths (52%) from CRC tend to occur in less
developed regions of the world [1]. As with other cancers,
access to screening programs and to appropriate treatment
likely accounts for these variations in CRC survival between
countries.
With evidence suggesting that screening reduces CRC
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mortality and incidence [2-5], CRC screening via fecal occult
blood test (FOBT) or colonoscopy has been widely recommended [6]. Going further, several countries have adopted
the use of FOBT in population-based CRC screening programs [7,8]. Interestingly, although colonoscopy is widely
used as a gold standard to detect adenomas and CRC
through visual inspection [9], uptake of screening colonoscopy has been shown to generally be poor [5]. In Korea, both
tests are available through either opportunistic or organized
screening programs. The National Cancer Screening Program (NCSP) for CRC, which was implemented in 2004 [10],
offers annual testing with a single fecal immunochemical test
(FIT) to men and women over 50 years of age and follow-up
examinations with either colonoscopy (with biopsy if indicated) or double contrast barium enema for subjects with a
positive FIT result.
Despite evidence that screening can reduce the incidence
of and mortality from CRC, globally, only half the eligible
population undergoes CRC screening [11-13]. For most Asian
countries in particular, CRC screening is not commonly practiced, and CRC screening behaviors remain largely
unknown. Recently, although a few studies have been conducted to examine factors associated with CRC screening in
Korea [14-17], none have sought to examine factors related
to stages of readiness for CRC screening by individual
screening modalities. Moreover, most studies have only
focused on whether a subject has or has not undergone CRC
screening. According to the transtheoretical model (TTM),
however, the acquisition and maintenance of health-protective behaviors are not all-or-nothing phenomena [18]: the
TTM categorizes screening adoption into several stages of
screening adoption, based on past and recent screening
behaviors and future intentions to undergo screening [18].

In this study, we applied the TTM to examine the distribution of and factors associated with stages of adoption for
FOBT and colonoscopy for CRC screening in Korea.

Materials and Methods
1. Study population
Data were obtained from the Korean National Cancer
Screening Survey (KNCSS), which is an annual cross-sectional survey designed to investigate screening rates among
Koreans for five common cancers (gastric, liver, colorectal,
breast, and cervix) through nationally representative random
sampling [19]. The 2014 KNCSS included men of ages from
40 to 74 years and women of ages from 30 to 74 years, who
were selected based on Resident of Registration Population
data collected by Statistics Korea, using multistage random
sampling according to sex, age, geographic area, and size of
population per area. The 2014 KNCSS included 4,000 participants, among a total of 28,571 random samples (total
response rate: 14.0%). The response rate after making contact
was 40%, excluding those who were absent (17,173) or who
did not meet the criteria for the survey (1,629). Of the 4,000
participants, 2,122 men and women of ages ranging from 50
to 74 years old were asked about their experiences with CRC
screening, since the NCSP provides CRC screening for individuals aged 50 years and older. Participants were asked
whether they had undergone an FOBT, colonoscopy, or double-contrast barium enema for CRC screening (picture cards
were shown to describe the test methods). Then, those who

Table 1. Stages of adoption for colorectal cancer screening by screening modality
FOBT
Pre-contemplation
Contemplation

Action/Maintenance
Relapse risk
Relapse

No history of CRC screening and
no intention to do so
No history of CRC but planned
to get CRC screening
Has had FOBT more than 1 year prior
and has intentions to have an FOBT
Has had first FOBT within the past 1 year and
is planning to have another one
Has had first FOBT within the past 1 year
but no plans to get another FOBT
Has previously had an FOBT more than
1 year prior, but no plans to get another FOBT

Colonoscopy
No history of CRC screening and
no intention to do so
No history of CRC but planned to get
CRC screening
Has had colonoscopy more than 10 years prior and
has intentions to have a colonoscopy
Has had first colonoscopy within the past 10 years
and is planning to have another one
Has had first colonoscopy within the past 10 years
but no plans to get another colonoscopy
Has previously had a colonoscopy more than
10 years prior, but no plans to get another colonoscopy

FOBT, fecal occult blood test; CRC, colorectal cancer.
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had at least one CRC screening were asked about the most
recent time they underwent the test and their plans to
undergo future testing. In this study, 56 participants who
underwent a double-contrast barium enema test only were
excluded due to the small number thereof. Thus, a total of
2,066 participants aged 50 to 74 years old were finally
included in the analysis.
Written informed consent was obtained from all study participants before being interviewed face-to-face in the KNCSS.
This study was approved by the Institutional Review Board
(IRB) of the National Cancer Center, Korea (No. NCCNCS08-129).
2. Measurement
The stages of adoption for CRC screening were evaluated
using a modified, five-stage process developed to assess a
subject’s reported history of screening and their current
intentions to undergo screening, as recommended by Rakowski et al. in 1996 [20]. Individuals who had undergone either
an FOBT or colonoscopy were interviewed about their most
recent test and their plans to undergo another test in the
future. According to these questions, the participants were
classified as follows for each screening modality (Table 1):
individuals who had never undergone CRC screening and
did not plan to undergo screening were classified into the
pre-contemplation stage. Those who had either never undergone CRC screening or had not within recommended time
intervals for screening, but were planning to do so within the
next interval, were classified into the contemplation stage.
The recommended time intervals are 1 year for FOBT and 10
years for colonoscopy [21]. The action/maintenance stages
comprised subjects who complied with CRC screening recommendations: those who had undergone FOBT screening
within the last 12 months and were planning to undergo
another test within the next 12 months or those who had
undergone colonoscopy screening within the last 10 years
and were planning to undergo another test within the next
10 years. The relapse risk stage included subjects who had
undergone CRC screening (either FOBT or colonoscopy)
within the recommended time intervals, but were not planning to undergo another test within the time intervals. Individuals who had undergone FOBT more than 12 months
before or colonoscopy more than 10 years before, but had no
plans to undergo CRC screening, were classified into the
relapse stage.
We also examined other socioeconomic variables (age,
marital status, level of education, monthly household
income, and residence area), family history of cancer, individual preferences for FOBT and colonoscopy as a CRC
screening modality, health status, worry about getting cancer, and health related behaviors variables (smoking status,
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alcohol use, regular exercise, and regular visits to a doctor).
Furthermore, enrollment in private cancer insurance was
also measured to assess accessibility to CRC screening:
although the National Health Insurance Service (NHIS) provides universal coverage to all Koreans, many Koreans pay
for supplementary private health insurance in the event of
illness (e.g., cancer or stroke) due to insufficient coverage by
the NHIS.
3. Statistical analysis
Descriptive statistics were used to analyze the participants’
characteristics and the distribution of stages of adoption. Frequencies with percentages were calculated for categorical
variables. Chi-square test was used to compare the distribution of stages of adoption according to sociodemographic
characteristics.
To determine factors related to one’s stage of adoption, we
grouped participants into four groups: (1) pre-contemplation, (2) contemplation, (3) action/maintenance, and (4)
relapse risk/relapse groups. Due to the small numbers of
subjects in the relapse and relapse risk stages, we combined
both stages into one category in the analysis. Furthermore,
people in the relapse risk and relapse stages share the same
experience in that they have already experienced the action
or maintenance stage. Simple tables were produced to verify
the consistency of the data. Then, univariate multinomial
logistic analysis was conducted to identify factors associated
with each adoption stage according to screening modality.
All variables with a p-value of < 0.1 in univariate analysis
were included in the multinomial logistic regression model
as potential predictors. Likelihood ratio test was applied to
compare significant differences for an added variable to the
model. We assessed the adjusted odds of being in the precontemplation, contemplation, or relapse risk/relapse group
rather than the action/maintenance group. All statistical
analyses were performed using STATA software, ver. 12
(Stata Corp. L.P., College Station, TX), and all p-values of
< 0.05 were considered statistically significant.

Results
The sociodemographic characteristics of the participants are
described in Table 2. The mean age of the study population
was 58.9 years, and 50.8% were female. More than 80% had
completed high school or higher; 91% of the participants lived
with their spouse; 45% lived in a metropolitan area; and more
than half of study population reported good health status.
More than 80% of the participants had private cancer insur-
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Table 2. Sociodemographic characteristics of the Korean participants in 2014
Characteristic
Sex
Men
Women
Age (yr)
50-59
60-69
70-74
Monthly household income
Less than $2,999
$3,000-3,999
$4,000-4,999
More than $5,000
Education
Less than high school
High school or college
More than college
Marital status
Without a spouse
With a spouse
Residency
Metropolitan
Non-metropolitan
Private insurance
Yes
No
Family history of cancer
Yes
No
FOBT preference
Very much
Somewhat
Little
Never
Do not know
Colonoscopy preference
Very much
Somewhat
Little
Never
Do not know
Colorectal polyps
Yes
No
Health status
Good
Normal
Poor
Cancer worry
Often
Sometimes
Rarely/Not at all

Total (n=2,066)

FOBTa) (n=1,077)

Colonoscopyb) (n=855)

Neverc) (n=516)

1,017 (49.2)
1,049 (50.8)

543 (50.4)
534 (49.6)

451 (52.8)
404 (47.3)

238 (46.1)
278 (53.9)

1,187 (57.5)
660 (31.9)
219 (10.6)

600 (55.7)
354 (32.9)
123 (11.4)

470 (55.0)
301 (35.2)
84 (9.8)

304 (58.9)
156 (30.2)
56 (10.9)

573 (27.7)
453 (21.9)
524 (25.4)
516 (25.0)

310 (28.8)
224 (20.8)
280 (26.0)
263 (24.4)

243 (28.4)
183 (21.4)
202 (23.6)
227 (26.6)

137 (26.6)
118 (22.9)
133 (25.8)
128 (24.8)

411 (19.9)
1,173 (56.8)
482 (23.3)

215 (20.0)
614 (57.0)
248 (23.0)

158 (18.5)
484 (56.6)
213 (24.9)

115 (22.3)
289 (56.0)
112 (21.7)

192 (9.3)
1,874 (90.7)

94 (8.7)
983 (91.3)

75 (8.8)
780 (91.2)

55 (10.7)
89.3 (89.3)

938 (45.4)
1,128 (54.6)

508 (47.2)
569 (52.8)

398 (46.6)
457 (53.5)

200 (38.8)
316 (61.2)

1,721 (83.3)
345 (16.7)

899 (83.5)
178 (16.5)

710 (83.0)
145 (17.0)

421 (81.6)
95 (18.4)

364 (17.6)
1,702 (82.4)

169 (15.7)
908 (84.3)

163 (19.1)
692 (80.9)

97 (18.8)
419 (81.2)

575 (27.8)
1,021 (49.4)
375 (18.2)
90 (4.4)
5 (0.2)

343 (31.9)
541 (50.2)
154 (14.3)
37 (3.4)
2 (0.2)

212 (24.8)
417 (48.8)
181 (21.2)
43 (5.0)
2 (0.2)

139 (26.9)
260 (50.4)
94 (18.2)
20 (3.9)
3 (0.6)

420 (20.3)
1,288 (62.3)
331 (16.0)
15 (0.7)
12 (0.6)

227 (21.1)
658 (61.1)
178 (16.5)
7 (0.7)
7 (0.7)

187 (21.9)
554 (64.8)
106 (12.4)
3 (0.4)
5 (0.6)

100 (19.4)
312 (60.5)
95 (18.4)
5 (1.0)
4 (0.8)

45 (2.2)
2,021 (97.8)

30 (2.8)
1,047 (97.2)

30 (3.5)
825 (96.5)

6 (1.2)
510 (98.8)

1,102 (53.3)
844 (40.9)
120 (5.8)

567 (52.7)
452 (42.0)
58 (5.4)

435 (50.9)
378 (44.2)
42 (4.9)

275 (53.3)
202 (39.2)
39 (7.6)

553 (26.8)
1,110 (53.7)
403 (19.5)

292 (27.1)
570 (52.9)
215 (20.0)

241 (28.2)
452 (52.9)
162 (18.9)

130 (25.2)
280 (54.3)
106 (20.5)

(Continued to the next page)
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Table 2. Continued
Characteristic
Have a regular doctor
Yes
No
Smoking status
Non-smokers
Past-smokers
Current smokers
Alcohol use
Never
 Once a month
> Once a month
Regular exercise
Yes
No

Total (n=2,066)

FOBTa) (n=1,077)

Colonoscopyb) (n=855)

Neverc) (n=516)

1,005 (48.6)
1,061 (51.4)

546 (50.7)
531 (49.3)

432 (50.5)
423 (49.5)

238 (46.1)
278 (53.9)

1,182 (57.2)
329 (15.9)
555 (26.9)

613 (56.9)
189 (17.6)
275 (25.5)

465 (55.4)
155 (18.1)
235 (27.5)

302 (58.5)
66 (12.8)
148 (28.7)

723 (35.0)
405 (19.6)
938 (45.4)

364 (33.8)
216 (20.1)
497 (46.1)

296 (34.6)
169 (19.8)
390 (45.6)

185 (35.9)
93 (18.0)
238 (46.1)

1,087 (52.6)
979 (47.4)

578 (53.7)
499 (46.3)

457 (53.5)
398 (46.6)

243 (47.1)
273 (52.9)

Values are presented as number (%). FOBT, fecal occult blood test. a)Participants who had FOBT at least one time, b)Participants
who had colonoscopy at least one time, c)Participants who have never had either FOBT or colonoscopy.

ance, and 17.6% had a family history of cancer. Of the 2,066
participants, 1,077 (52.1%) had undergone FOBT and 855
(41.4%) had undergone only colonoscopy at least one time
during their lifetime. Only 518 participants (25.1%) had never
undergone either FOBT or colonoscopy in their lifetime.
Among those who had ever undergone FOBT, 382 participants
had also undergone colonoscopy, accounting for 18.5% of the
entire study population.
Table 3 shows the stages of adoption for FOBT and
colonoscopy according to population characteristics. In this
analysis, we combined the relapse risk and the relapse stages.
Among 1,593 participants who were included in the analysis
of stages of adoption for FOBT, 17.7% were classified in the
pre-contemplation stage, 40.2% in the contemplation stage,
36% in the action/maintenance stages, and 6.1% in the relapse
risk/relapse stages. Among 1,371 participants who were
included in the analysis of stages of adoption for colonoscopy,
20.6%, 20.8%, 48.1, and 36% were categorized into the precontemplation, contemplation, action/maintenance, and relapse
risk/relapse stages, respectively. Sex, monthly household
income, residential area, family history of cancer, preferences
for a screening modality, having private cancer insurance,
smoking status, and regular exercise differed significantly
across the stages of adoption for FOBT. Meanwhile, only sex,
residency, a preference for colonoscopy, and health status differed with statistical significance across the stages of adoption
for colonoscopy.
Tables 4 and 5 show the results of our multivariate multinomial logistic regression of factors associated with each stage
of adoption for FOBT and colonoscopy. Compared with sub-
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jects who were in the action/maintenance stages for FOBT,
women and subjects with a family history of CRC, living in a
rural area, and current smokers were more likely to be in the
precontemplation stage. Meanwhile, subjects who were 60-69
years old, female, had higher education and income level, had
private health insurance, and were past or current smokers
were less likely to be in the contemplation stage. However,
those who had a family history of CRC were more likely to be
in the contemplation stage. Between the action/maintenance
and relapse/relapse risk stages, those living in a metropolitan
area and past-smokers were less likely to be in the relapse/
relapse risk stages.
Regarding factors related to CRC screening via colonoscopy
test, women and current smokers were more likely to be in the
precontemplation stage than in the action/maintenance
stages. However, individuals living in a metropolitan area and
who preferred to undergo colonoscopy were less likely to be
in the precontemplation stage than in the action/maintenance
stages. Meanwhile, subjects who were 60-69 years old, had
higher education level, had a family history of cancer, and
exercised regularly were less likely to be in the contemplation
stage. However, those who drank more than once a month
and who were in poor health status were more likely to be in
the contemplation stage than in the action/maintenance
stages. Further, those who were of poor health status were
more likely to be in the relapse/relapse risk stages than the
action/maintenance stages.
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Total
Age group (yr)
50-59
60-69
70-74
Sex
Men
Women
Monthly household income
Less than $2,999
$3,000-3,999
$4,000-4,999
More than $5,000
Education
< High school
High school/College
> College
Residency
Metropolitan
Non-metropolitan
Family history of cancer
Yes
No
FOBT/Colonoscopy preference
Much/Somewhat
Little/Never/Do not know
Private insurance
Yes
No
Health status
Good
Normal
Poor
151 (23.6)
365 (56.9)
125 (19.5)
291 (45.4)
350 (54.6)
119 (18.6)
522 (81.4)
532 (83.0)
109 (17.0)

57 (20.2)
157 (55.7)
68 (24.1)
102 (36.2)
180 (63.8)
55 (19.5)
227 (80.5)
211 (74.8)
71 (25.2)

312 (48.7)
286 (44.6)
43 (6.7)

207 (32.3)
138 (21.5)
163 (25.4)
133 (20.8)

68 (24.1)
61 (21.6)
69 (24.5)
84 (29.8)

159 (56.4)
105 (37.2)
18 (6.4)

308 (48.1)
333 (51.9)

118 (41.8)
164 (58.2)

514 (80.2)
127 (19.8)

377 (58.8)
189 (29.5)
75 (11.7)

152 (53.9)
95 (33.7)
35 (12.4)

231 (81.9)
51 (18.1)

641 (40.2)

Contemplation

282 (17.7)

Precontemplation

318 (55.5)
223 (38.9)
32 (5.6)

490 (85.5)
83 (14.5)

461 (80.5)
112 (19.5)

75 (13.1)
498 (86.9)

280 (48.9)
293 (51.1)

108 (18.9)
318 (55.5)
147 (25.7)

153 (26.7)
123 (21.5)
152 (26.5)
145 (25.3)

310 (54.1)
263 (45.9)

319 (55.7)
195 (34.0)
59 (10.3)

573 (36.0)

53 (54.6)
40 (41.2)
4 (4.1)

85 (87.6)
12 (12.4)

79 (81.4)
18 (18.6)

17 (17.5)
80 (82.5)

35 (36.1)
62 (63.9)

14 (14.4)
63 (65.0)
20 (20.6)

19 (19.6)
20 (20.6)
29 (29.9)
29 (29.9)

45 (46.4)
52 (53.6)

56 (57.7)
31 (32.0)
10 (10.3)

97 (6.1)

Action/
Relapse/
Maintenance Relapse risk

FOBT (n=1,593)

Table 3. Stages of adoption for FOBT and colonoscopy by population characteristics

0.202

0.050

0.038

0.035

0.002

0.056

0.039

0.007

0.640

p-value

159 (56.4)
105 (37.2)
18 (6.4)

231 (81.9)
51 (18.1)

224 (79.4)
58 (20.6)

55 (19.5)
227 (80.5)

102 (36.2)
180 (63.8)

57 (20.2)
157 (55.7)
68 (24.1)

68 (24.1)
61 (21.6)
69 (24.5)
84 (29.8)

118 (41.8)
164 (58.2)

152 (53.9)
95 (33.7)
35 (12.4)

282 (20.6)

Precontemplation

138 (48.4)
121 (42.5)
26 (9.1)

232 (81.4)
53 (18.6)

235 (82.5)
50 (17.5)

46 (16.1)
239 (83.9)

123 (43.2)
162 (56.8)

70 (24.6)
158 (55.4)
57 (20.0)

84 (29.5)
72 (25.3)
72 (25.3)
57 (20.0)

140 (49.1)
145 (50.9)

179 (62.8)
79 (27.7)
27 (9.5)

285 (20.8)

Contemplation

347 (52.6)
287 (43.5)
26 (3.9)

545 (82.6)
115 (17.4)

571 (86.5)
89 (13.5)

133 (20.2)
527 (79.8)

313 (47.4)
347 (52.6)

121 (18.3)
373 (56.5)
166 (25.2)

187 (28.3)
145 (22.0)
158 (23.9)
170 (25.8)

347 (52.6)
313 (47.4)

357 (54.1)
242 (36.7)
61 (9.2)

660 (48.1)

66 (45.8)
67 (7.6)
11 (7.6)

123 (85.4)
21 (14.6)

123 (85.4)
21 (14.6)

26 (18.1)
118 (81.9)

60 (41.7)
84 (58.3)

25 (17.4)
85 (59.0)
34 (23.6)

41 (28.5)
23 (16.0)
36 (25.0)
44 (30.5)

84 (58.3)
60 (41.7)

86 (59.7)
41 (28.5)
17 (11.8)

144 (10.5)

Action/
Relapse/
Maintenance Relapse risk

Colonoscopy (n=1,371)

0.017

0.764

0.041

0.529

0.015

0.329

0.192

0.004

0.070

p-value
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179 (27.9)
343 (53.5)
119 (18.6)
325 (50.7)
316 (49.3)
385 (60.1)
94 (14.7)
162 (25.3)
235 (36.7)
110 (17.2)
296 (46.2)
319 (49.8)
322 (50.2)

126 (44.7)
156 (55.3)
169 (59.9)
33 (11.7)
80 (28.4)
107 (37.9)
56 (19.9)
119 (42.2)
136 (48.2)
146 (51.8)

Contemplation

75 (26.6)
153 (54.3)
54 (19.2)

Precontemplation

302 (52.7)
271 (47.3)

170 (29.7)
125 (21.8)
278 (48.5)

299 (52.2)
118 (20.6)
156 (27.2)

287 (50.1)
286 (49.9)

144 (25.1)
295 (51.5)
134 (23.4)

33 (34.0)
64 (66.0)

37 (38.2)
18 (18.6)
42 (43.3)

62 (63.9)
10 (10.3)
25 (25.8)

46 (47.4)
51 (52.6)

24 (24.7)
59 (60.8)
14 (14.4)

Action/
Relapse/
Maintenance Relapse risk

FOBT (n=1,593)

Values are presented as number (%). FOBT, fecal occult blood test.

Cancer worry
Often
Sometimes
Rarely/Not at all
Have a regular doctor
Yes
No
Smoking status
Non-smokers
Past-smokers
Current smokers
Alcohol use
Never
 Once a month
> Once a month
Regular exercise
Yes
No

Table 3. Continued

0.015

0.078

0.004

0.364

0.243

p-value

136 (48.2)
146 (51.8)

169 (59.9)
33 (11.7)
80 (28.4)

107 (37.9)
56 (19.9)
119 (42.2)

126 (44.7)
156 (55.3)

75 (26.6)
153 (54.3)
54 (19.2)

Precontemplation

131 (46.0)
154 (54.0)

165 (57.9)
39 (13.7)
81 (28.4)

99 (34.7)
47 (16.5)
139 (48.8)

139 (48.8)
146 (51.2)

71 (24.9)
150 (52.6)
64 (22.5)

353 (53.5)
307 (46.5)

357 (54.1)
122 (18.5)
181 (27.4)

228 (34.6)
140 (21.2)
292 (44.2)

339 (51.4)
321 (48.6)

193 (29.3)
345 (52.3)
122 (18.5)

80 (55.6)
64 (44.4)

76 (52.8)
27 (18.8)
41 (28.5)

47 (32.6)
19 (13.2)
78 (54.2)

66 (45.8)
78 (54.2)

32 (22.2)
84 (58.3)
28 (19.3)

Action/
Relapse/
Maintenance Relapse risk

Colonoscopy (n=1,371)
Contemplation

0.086

0.165

0.119

0.245

0.489

p-value
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Table 4. Multivariate multinomial logistic regression for factors associated with stages of adoption for FOBTa) (n=1,593)
Precontemplationb)
Age (yr)
50-59
60-69
70-74
Sex
Men
Women
Education
Less than high school
High school or college
More than college
Monthly household income
Less than $2,999
$3,000-3,999
$4,000-4,999
More than $5,000
Residency
Non-metropolitan
Metropolitan
Family history of cancer
No
Yes
FOBT preference
Little/Never/Do not know
Much/Somewhat
Private insurance
No
Yes
Health status
Good
Normal
Poor
Smoking status
Non-smokers
Past-smokers
Current smokers
Alcohol use
Never
 Once a month
> Once a month
Regular exercise
Yes
No

Contemplationb)

Relapse/Relapse riskb)

aOR

95% CI

aOR

95% CI

aOR

95% CI

1.00
1.03
1.16

0.74-1.44
0.72-1.90

1.00
0.69
0.83

0.53-0.91
0.56-1.24

1.00
0.99
1.18

0.61-1.63
0.55-2.53

1.00
3.28

1.52-7.05

1.00
0.84

0.52-1.33

1.00
0.79

0.35-1.78

1.00
0.90
0.82

0.60-1.35
0.52-1.31

1.00
0.88
0.63

0.64-1.20
0.44-0.92

1.00
1.24
0.83

0.64-2.38
0.39-1.78

1.00
1.18
1.07
1.38

0.76-1.83
0.70-1.64
0.91-2.10

1.00
0.84
0.80
0.69

0.60-1.19
0.58-1.11
0.50-0.97

1.00
1.15
1.39
1.47

0.58-2.32
0.73-2.66
0.76-2.82

1.00
0.57

0.42-0.78

1.00
0.82

0.65-1.05

1.00
0.60

0.38-0.96

1.00
1.73

1.16-2.57

1.00
1.50

1.08-2.08

1.00
1.49

0.82-2.70

1.00
0.81

0.57-1.14

1.00
1.26

0.94-1.70

1.00
1.16

0.67-2.04

1.00
0.77

0.52-1.14

1.00
0.72

0.53-0.99

1.00
1.14

0.59-2.22

1.00
0.85
0.81

0.62-1.17
0.42-1.53

1.00
1.27
1.17

0.99-1.62
0.70-1.95

1.00
1.09
0.77

0.68-1.74
0.25-2.34

1.00
1.30
2.63

0.57-2.96
1.19-5.82

1.00
0.46
0.61

0.28-0.76
0.37-0.99

1.00
0.35
0.70

0.13-0.92
0.30-1.65

1.00
0.88
0.99

0.57-1.35
0.62-1.59

1.00
0.72
1.04

0.51-1.02
0.73-1.50

1.00
0.86
0.91

0.45-1.66
0.46-1.82

0.79
1.00

0.58-1.07

0.80
1.00

0.63-1.02

1.51
1.00

0.95-2.42

FOBT, fecal occult blood test; aOR, adjusted odds ratio; CI, confidence interval. a)All variables in the table were included in
the multivariate multinomial logistic regression model, b)Comparison to the action/maintenance stage.
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Table 5. Multivariate multinomial logistic regression for factors associated with stages of adoption for colonoscopya)
(n=1,371)
Precontemplationb)
Age (yr)
50-59
60-69
70-74
Sex
Men
Women
Education
Less than high school
High school or college
More than college
Monthly household income
Less than $2,999
$3,000-3,999
$4,000-4,999
More than $5,000
Residency
Non-metropolitan
Metropolitan
Family history of cancer
No
Yes
Colonoscopy preference
Little/Never/Do not know
Much/Somewhat
Private insurance
No
Yes
Health status
Good
Normal
Poor
Smoking status
Non-smokers
Past-smokers
Current smokers
Alcohol use
Never
 Once a month
> Once a month
Regular exercise
Yes
No

Contemplationb)

Relapse/Relapse riskb)

aOR

95% CI

aOR

95% CI

aOR

95% CI

1.00
0.91
1.29

0.66-1.25
0.79-2.12

1.00
0.55
0.69

0.40-0.77
0.40-1.17

1.00
0.67
1.24

0.44-1.03
0.66-2.33

1.00
3.60

1.71-7.54

1.00
1.25

0.71-2.20

1.00
0.64

0.33-1.24

1.00
0.84
0.79

0.57-1.25
0.50-1.25

1.00
0.70
0.56

0.48-1.03
0.36-0.88

1.00
1.09
0.89

0.64-1.83
0.49-1.63

1.00
1.24
1.28
1.41

0.81-1.90
0.84-1.95
0.93-2.12

1.00
1.12
0.99
0.73

0.74-1.68
0.66-1.49
0.48-1.12

1.00
0.68
0.97
1.11

0.38-1.22
0.57-1.64
0.67-1.84

1.00
0.60

0.44-0.82

1.00
0.77

0.57-1.04

1.00
0.80

0.55-1.17

1.00
0.97

0.68-1.41

1.00
0.67

0.45-0.99

1.00
0.75

0.46-1.22

1.00
0.67

0.46-0.98

1.00
0.76

0.52-1.13

1.00
0.92

0.55-1.56

1.00
0.99

0.67-1.45

1.00
0.99

0.68-1.45

1.00
1.31

0.78-2.22

1.00
0.78
1.38

0.58-1.06
0.71-2.69

1.00
1.12
2.94

0.83-1.52
1.59-5.43

1.00
1.31
2.82

0.89-1.94
1.28-6.22

1.00
1.59
2.51

0.68-3.55
1.16-5.41

1.00
0.62
0.74

0.33-1.16
0.41-1.34

1.00
0.57
0.53

0.28-1.17
0.26-1.07

1.00
1.03
1.41

0.68-1.56
0.89-2.23

1.00
0.89
1.83

0.57-1.37
1.17-2.87

1.00
0.72
1.59

0.39-1.31
0.89-2.81

0.78
1.00

0.58-1.05

0.72
1.00

0.54-0.96

1.02
1.00

0.70-1.49

aOR, adjusted odds ratio; CI, confidence interval. a)All variables in the table were included in the multivariate multinomial
logistic regression model, b)Comparison to the action/maintenance stage.
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Discussion
This study identified the distribution of stages of adoption
for FOBT and colonoscopy for CRC screening in Korea.
Although FOBT is offered through the NCSP free of charge
for Koreans over the age of 50 years, the percentage of
respondents in the action/maintenance stages for FOBT
(36%) was still lower than that for colonoscopy (48.1%). This
indicates a preference among Koreans to receive CRC screening by colonoscopy over FOBT, even though they must do
so at their own expense through opportunistic screening. Of
the two tests, colonoscopy is the more accurate technique,
although it is invasive, carries risks of bleeding and perforation, requires preparation and premedication, and involves
much higher costs. While FOBT is a simple, safe, and inexpensive test with which to screen for CRC, its low sensitivity,
mainly for premalignant lesions, necessitates recommendations for annual screening, with which many individuals
may be reluctant to comply. For this reason potentially, the
percentage of people who were in the action/maintenance
stages for FOBT was low, while the percentage of people
who were in the contemplation stage was relatively high
(40%). Meanwhile, however, although colonoscopy was
more likely to be chosen in CRC screening among Koreans,
FOBT screening rates have increased to greater extents than
those for colonoscopy during the last decade: between 20042013, CRC screening rates for FOBT and colonoscopy
increased from 3.8% to 27.6% (23.8% increase) and 14.4% to
35.2% (20.8% increase), respectively [19].
In the current study, we assessed five stages of readiness
for FOBT and colonoscopy: precontemplation, contemplation, action/maintenance, relapse, and relapse risk. Only a
few studies have examined the TTM model in relation to
CRC screening behavior [22-27]. In multinomial logistic
regression analysis of the stages of adoption, several factors
were shown to influence differences in the distributions
thereof. Primarily, females were more likely to be in precontemplation than in the action/maintenance stages for both
FOBT and colonoscopy. Similar findings have also been
reported in other studies [24,27]. One study suggested that
CRC is perceived as a man’s disease and that, therefore,
women may be less concerned with CRC screening than they
should be [28]. Furthermore, women older than 50 years are
at risk for many sex-related diseases, such as breast, ovarian,
and cervical cancers, and interestingly, this has been shown
to lead to less attention being paid to CRC screening among
women [27].
People with a higher education level and individuals living
in a metropolitan area were more likely to be classified in onschedule stages (action/maintenance). Similar findings were
observed in other studies [17,24]. These results imply that

higher education and better accessibility to screening facilities are reinforcing factors for adherence to CRC screening.
Remarkably, people who had a family history of cancer were
less likely to be in the action/maintenance stages for FOBT
adoption. On the other hand, people who had a family history of cancer were more likely to be in the action/maintenance stages for colonoscopy adoption. The higher adherence with colonoscopy testing among those with a family
history of cancer might indicate a preference for colonoscopy
testing among higher-risk individuals. This study also highlighted current smokers as being more likely to be in the precontemplation stage. This finding suggests that current
smokers are less likely to be involved in preventive behaviors, such as screening.
Regarding colonoscopy test adoption, females were more
likely to stay in the precontemplation stage than in the
action/maintenance stages. Those who had a higher level of
education, however, were more likely to be in action/maintenance stages. Additionally, subjects of ages from 60 to 69
years were more likely to be in the action/maintenance
stages than the contemplation stage. Although previous
studies have reported that individuals of higher income status are more likely to have undergone an up-to-date colonoscopy in Korea [11,17], we were unable to find a significant
association between household income and stages of adoption for colonoscopy in the current study. In addition, subjects of poor health status were more likely to be in the
contemplation and relapse/relapse risk stages than the
action stage. We explain this observation as follows: colonoscopy is an invasive and uncomfortable procedure, and
individuals with poor health status probably have additional
health problems. Therefore, colonoscopy may not be a favorable test for them. Also, current smokers and those who
drink more than once a month were more likely to be in precontemplation and contemplation stages than the action/
maintenance stages, while those who exercised regularly
were more likely to be in the action stage. These suggest that
people with an unhealthy lifestyle are less likely to be
involved in CRC screening.
This study has several limitations. First, this study used
cross-sectional survey data, which would limit interpretations of any causal relationships for the observed associations. Accordingly, future studies with a longitudinal design
should be conducted to track patterns in CRC screening
behaviors. Second, due to potential recall bias of selfreported screening history, we assessed only the most recent
cancer screening event and did not collect information on
screening events that preceded the most recent one. Thus, we
could not distinguish between the action and maintenance
stages as recommended by Rakowski et al. [20]. However,
due to the long screening interval for colonoscopy (usually
10 years is recommended), it would not be feasible to cateVOLUME 50 NUMBER 2 APRIL 2018
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gorize the maintenance stage for colonoscopy. As another
limitation in assessing stages of adoption, we could not identify subjects in the unaware stage (never heard of FOBT or
colonoscopy) as in previous studies [27,29]. Finally, we were
unable to explore the influences of other important correlates, such as test-specific characteristics (e.g., preparation,
cost, time constraints, transportation, or geographic capacity
for screening), process of change, self-efficacy, decisional balance, and psychological factors (e.g., discomfort, concern
about complications, or anxiety about the procedure)
involved in utilization of CRC screening and intentions to
undergo future screening tests. Further studies are needed
to delve into these factors and to provide a more comprehensive outline of the effects of these factors on stages of adoption for CRC screening in the TTM.
Despite all of the above limitations, this study is important
in that it assessed CRC screening behaviors specifically in
relation to two popular screening modalities among Koreans.
The study results provide new insights that may be of use in
guiding the development of intervention strategies for
improving compliance with CRC screening recommendations at the population level. Our results demonstrated that

rural, less educated, women were less likely to adhere with
CRC screening. Moreover, those who had a family history of
cancer showed better adherence with colonoscopy than with
FOBT. Additionally, we showed that household income, private cancer insurance, and regularly exercise are positively
associated with stages of FOBT adoption, while smokers and
alcohol use are negatively associated with stages of FOBT
and colonoscopy adoption. Accordingly, we suggest that
interventions tailored to individuals in particular stages of
adoption for CRC screening could help improve participation therein.
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Purpose
Previous western studies have found Caucasians with skin cancer, either melanoma or nonmelanoma skin cancer (NMSC), have an elevated risk of second primary cancer. Our objective was to assess the risk of second primary cancer in Taiwanese with NMSC.
Materials and Methods
By using data from Taiwan’s National Health Insurance Research Database, we conducted
a population-based cohort study to assess the risk of incident second primary cancer in Taiwanese affected by NMSC.
Results
We identified 505 subjects with NMSC and 2,020 matched controls. After adjustment for
potential confounders including age, sex, urbanization, and Charlson Comorbidity Index,
people who had NMSC had a 1.43-fold (95% confidence interval [CI], 1.05 to 1.96) risk for
the development of second primary cancer as compared with control group. Men with NMSC
had a 2.99-fold (95% CI, 1.00 to 9.10) risk for second primary cancer involving the lip, oral
cavity, and pharynx and a 3.51-fold (95% CI, 1.21 to 10.17) risk for second primary cancer
involving the genitourinary organs when compared to the control group. By contrast, women
with NMSC did not have an increased risk of second primary cancer.
Conclusion
This study revealed Asians with NMSC have an increased risk of second primary cancer.
Our findings can be a useful reference for health care for people diagnosed with NMSC.

Key words
Charlson comorbidity index, Non-melanoma skin cancer,
Population-based study, Second primary neoplasms
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Introduction

Materials and Methods

The formation of cancer may be related to environmental
carcinogens, genes and immunity of the subject. The formation of skin cancer is also related to these factors. A person
with a cancer might represent that there are abnormalities in
environment and genes of this subject; therefore, the subject
has an increased opportunity of having a second primary
cancer involving other organs. Such an increased risk of second primary cancer has been observed in people affected by
gastrointestinal cancer and head and neck cancer [1,2]. Also,
previous western studies have found Caucasians with skin
cancer, either melanoma or non-melanoma skin cancer
(NMSC), have an elevated risk of second primary cancer
[3,4]. On the other hand, ultraviolet radiation, the main
environmental cause of skin cancer, is known to promote the
synthesis of vitamin D which in turn has been associated
with a decrease in the risk of prostate, breast, and colorectal
cancer [5]. A Dutch study identified a lowered risk of colorectal cancer in people with skin cancer [6], but a Swiss
study found the risk of prostate, breast and colorectal cancer
all increased in those with skin cancer [5].
Previous western studies identified men and women differed in the risk for various subsequent cancers. A U.S. study
found men with NMSC had an increased risk of subsequent
melanoma, while women with NMSC had an increased risk
of subsequent breast and lung cancer as well as melanoma
[4]. A Norwegian study showed men with melanoma were
prone to have subsequent prostate and thyroid cancers,
whereas women with melanoma were more likely to have
subsequent cancers involving the breast and central nervous
system [3].
A study found an elevated risk of second primary cancer
in Asians with melanoma [7]. However, to date there have
been no similar studies examining whether Asians with
NMSC have an increased risk of second primary cancer
involving other organs.
The objective of this retrospective cohort study was to
assess whether people diagnosed with a NMSC would have
an increased risk of second primary cancer involving other
organs in a Taiwanese setting. It is expected that the results
of this study will be a useful reference for health education
and preventive medicine interventions for people diagnosed
with NMSC.

1. Data source
In Taiwan, over 99% of the population is covered by a compulsory single-payer healthcare system, the National Health
Insurance program. The National Health Insurance Research
Database (NHIRD) provides anonymized linked data for epidemiologic research, including the characteristics and registration data of beneficiaries, claim data from general practices and hospitals, and dispensing claims from general
practices, hospitals, and community pharmacies. The International Classification of Diseases ninth revision Clinical
Modification (ICD-9-CM) was used to record diagnoses in
the NHIRD. The wholeness and accuracy of the NHIRD
linked data such as clinical diagnoses have been validated
[8,9]. The NHIRD has been widely used in thousands of epidemiological studies [10].
The data source of this study was the Longitudinal Health
Insurance Database 2000 of NHIRD, which is the anonymized linked longitudinal data of 1,000,000 beneficiaries
(about 4.5% of the Taiwanese population) randomly selected
from the 2000 Registry for Beneficiaries. The National Health
Insurance (NHI) issues a catastrophic illness record to
patients with cancer which exempts them from paying a
co-payment. Eligible patients need to provide a copy of
histopathologic report confirming the diagnosis of cancer
when applying for a catastrophic illness record [11].
2. Study subjects
The selection of study subjects is shown in Fig. 1. The
exposed group (NMSC group) was composed of people with
NMSC diagnosed by dermatologists and who had been
issued a corresponding catastrophic illness card from 2000
onwards. People who had a diagnosis of NMSC but lacked a
corresponding catastrophic illness record were excluded. We
also excluded subjects aged under 20 years and those who had
another cancer occurred before the diagnosis of NMSC. We
used ICD-9-CM codes (173.xx) to identify subjects diagnosed
with NMSC and had catastrophic illness record. The non-skin
cancer control group was composed of those who had not ever
been diagnosed as having skin cancer, either NMSC or
melanoma. To adjust for differences in subject profiles which
may confound the study findings, we selected four controls
for each NMSC case by using propensity score matching for
patient’s demographic characteristics including age, sex, and
urbanization. The propensity score matching analysis was
used to conduct probability by logistic regression model [12].
The date of first diagnosis of NMSC was the index date for a
NMSC patient and its four corresponding controls.
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People from longitudinal health insurance database 2000
(NHIRD-LHID200) (n=1,000,000)
With a diagnosis of NMSC (n=1,640)

Non-skin cancer controls skin
(n=998,360)

NMSC patients
(n=550)

Excluded due to lack of a catastrophic
illness record for NMSC (n=1,050)
Excluded due to NMSC diagnosed
before 2000 year (n=40)
Excluded because other cancers
occurred before skin cancer (n=42)
Excluded due to age under 20 years
(n=348,491)

Non-skin cancer controls
(n=649,827)

NMSC patients
(n=505)
1:4 propensity score match age,
sex and urbanization

Final study population (n=2,525)
Non-skin cancer controls
(n=2,020)

NMSC patients
(n=505)

Fig. 1. Flow chart of selection of the study population. NMSC, non-melanoma skin cancer.

3. Outcomes and potential confounders
The outcome of our interest was second primary cancer,
identified by having a diagnosis of cancer (ICD-9-CM codes
from 140.xx to 209.xx) and a corresponding catastrophic illness record following the index date [4,7,13]. The date of first
diagnosis of NMSC in either outpatient or inpatient records
was the index date in a NMSC case and its four corresponding controls. We also examined which organ the second primary cancer involved. The ICD-9-CM codes used for
identification of the organ involved included lip, oral cavity,
and pharynx (140.xx-149.xx), digestive organs and peritoneum (150.xx-159.xx), respiratory and intrathoracic organs
(160.xx-165.xx), bone, connective tissue (170.xx-171.xx),
melanoma (172.xx), female breast (174.xx), male breast
(175.xx), female genital (179.xx-184.xx), male genital (185.xx187.xx), urinary (188.xx-189.xx), eyes (190.xx), brain and
nervous system (191.xx-192.xx), and thyroid gland and
endocrine (193.xx-194.xx). NMSC (173.xx), other and illdefined sites (195.xx and 199.xx), and secondary malignant
neoplasm (196.xx-198.xx) that did not indicate the involved
organ were excluded. The follow-up duration for subjects
who ended up with a second primary cancer was the period
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from the index date to the date of first diagnosis in either
inpatient or outpatient records, and for the censored time of
subjects without second primary cancer or death were from
the index date to either the end of 2012 or the date of withdrawal from the NHI program.
To mitigate potential sources of bias, we considered and
adjusted potential confounders including the age, urbanization, and the Charlson Comorbidity Index (CCI). The CCI is
a prognostic index used as a means for quantifying the prognosis of patients [14]. A weighted score was assigned to each
of 17 comorbidities and the Charlson index was then created
as an indicator of disease burden for risk adjustment [15].
Therefore, the confounding of comorbidities on the risk of
developing second primary cancer was considered and
adjusted in the statistical analysis.
4. Statistical analysis
The Student’s t test and chi-square test were used to compare continuous and categorical data. The Kaplan-Meier
method was used for survival analysis with the log-rank test
for comparisons between the NMSC and control groups. The
cumulative incidence of developing second primary cancer

Shu-Hui Wang, Second Primary Cancer in Non-melanoma Skin Cancer

Table 1. Characteristics and potential confounders of the study subjects
Control (n=2,020)

Non-melanoma skin cancer group (n=505)

1,024 (80.0)
996 (80.0)
67.2±15.2

256 (20.0)
249 (20.0)
67.2±15.4

1.000

893 (44.2)
747 (37.0)
380 (18.8)
3.3±2.7
6.0±3.0

223 (44.2)
187 (37.0)
95 (18.8)
4.7±3.2
5.7±3.1

1.000

Sex
Women
Men
Age (yr)
Urbanization
City
Suburbs
Village
Charlson Comorbidity Index
Length of follow-up (yr)

p-value

0.96

< 0.001
0.05

Values are presented as number (%) or mean±standard deviation.

Table 2. Risk of second primary cancer in people with non-melanoma skin cancer

Total
Control
NMSC
All men
Control
NMSC
All women
Control
NMSC

No.

No. of incident second
primary cancer

2,525
2,020
505
1,245
1,129
116
1,280
1,208
72

188
130
58
116
80
36
72
50
22

No. of
person-years
14,931.71
12,068.08
2,863.63
7,345.79
5,972.34
1,373.45
7,585.93
6,095.75
1,490.18

Incidence
(per 102 person-year)

Adjusted HR
(95% CI)a)

1.26 (1.09-1.45)
1.08 (0.90-1.27)
2.03 (1.55-2.59)
1.58 (1.31-1.88)
1.34 (1.07-1.65)
2.62 (1.86-3.57)
0.95 (0.75-1.19)
0.82 (0.61-1.07)
1.48 (0.94-2.18)

1.00 (reference)
1.43 (1.05-1.96)
1.00 (reference)
1.51 (1.01-2.25)
1.00 (reference)
1.35 (0.82-2.24)

HR, hazard ratio; CI, confidence interval; NMSC, non-melanoma skin cancer. a)Adjusted for age, sex, urbanization, and Charlson Comorbidity Index.

was one minus the cancer-free survival probability [16]. The
Cox proportional hazard regression model was proceeded to
obtain the hazard ratio (HR) for development of incident second primary cancer among patients with NMSC. To examine
the involved organ of the second primary cancer (listed as
above), we used the Cox regression analysis to calculate the
respective HR of second primary cancer of each organ, stratified by sex and adjusted for potential confounders including
age, urbanization, and CCI. We considered a two-sided
p-value of < 0.05 significant. All statistical analyses were conducted by using the SAS software ver. 9.3 (SAS Institute Inc.,
Cary, NC).
5. Ethics approval
This study has been approved by the Institutional Review

Board of the Chen Hsin General Hospital, Taiwan ((504)10440).

Results
The characteristics and potential confounders of the study
subjects are listed in Table 1. We identified 505 people with
NMSC and 2,020 matched controls without NMSC. No significant differences in the age and gender distribution, urbanization as well as the length of follow up were found between the
NMSC and control groups. A higher score of CCI was found
with NMSC patient compared to people without NMSC,
being 4.7±3.2 and 3.3±2.7, respectively.
VOLUME 50 NUMBER 2 APRIL 2018
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A

0.20
Cumulative incidence (%)

Control
NMSC

p for log-rank, p=0.024

0.15

0.10

0.05

0

0

2

4

6
Time (yr)

8

10

B

0.20
Cumulative incidence (%)

Control
NMSC

p for log-rank, p=0.043

0.15

0.10

0.05

0

0

2

4

6
Time (yr)

8

10

C

0.20
Cumulative incidence (%)

Control
NMSC

Discussion

p for log-rank, p=0.235

0.15

0.10

0.05

0

0

2

4

6
Time (yr)

8

10

Fig. 2. Cumulative incidence curves of second primary
cancer in people with non-melanoma skin cancer (NMSC).
(A) All subjects. (B) Men. (C) Women.
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As show in Table 2, the NMSC group had a twice higher
incidence of second primary cancer than the control group.
The Kaplan-Meier curves of cumulative incidence for second
primary cancer are shown in Fig. 2. The NMSC group had a
significant higher probability of developing second primary
cancer than controls (p=0.024) (Fig. 2A). When compared to
the control group, the NMSC group had an increased risk of
second primary cancer (crude, 1.87; 95% confidence interval
[CI], 1.37 to 2.55). After controlling for potential confounders
including age, sex, urbanization, and CCI, the adjusted HR
was 1.43 (95% CI, 1.05 to 1.96).
When stratified by sex, both men and women with NMSC
had a nearly twice higher incidence of second primary cancer
than their respective controls. As shown in Fig. 2B and C, men
with NMSC had a higher probability of second primary cancer
than controls (p=0.043), but women did not (p=0.235). After
adjusted for potential confounders, men with NMSC had a
significantly higher risk of second primary cancer than controls (adjusted HR, 1.51; 95% CI, 1.01 to 2.25) but women with
NMSC did not (adjusted HR, 1.35; 95% CI, 0.82 to 2.24).
In the analysis according to involved organ of second primary cancer, men with NMSC had a significant higher risk of
second primary cancer involving the lip, oral cavity, pharynx
(adjusted HR, 2.99; 95% CI, 1.00 to 9.10) and the genitourinary
organs (adjusted HR, 3.51; 95% CI, 1.21 to 10.17) (Table 3). The
Kaplan-Meier curves of cumulative incidence for second primary cancer involving the lip, oral cavity, pharynx and the
genitourinary organs in men are shown in Fig. 3A and B. Compared to the control group, men with NMSC had a significantly higher probability of second primary cancer affecting
the lip, oral cavity, pharynx (p=0.050), and the genitourinary
organs (p=0.021).

CANCER RESEARCH AND TREATMENT

To the best of our knowledge, this study was the first to
examine the relation between NMSC and subsequent malignancy in Asians. This study found only men with NMSC had
a two-fold risk of second primary cancer compared to controls, while women with NMSC did not. When further analyzed according to the involved sites, the increased risk of
second primary cancer in men with NMSC was attributable
to those involving the lip, oral cavity, and pharynx as well
as the genitourinary organs.
Overall our study found NMSC was associated with an
increased risk of only few second primary cancers, while
other studies in the Western countries reported associations
of NMSC with a larger number of second primary cancers.
Our findings are in congruent with a Norwegian study
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Table 3. Stratified analysis based on sex
Men (n=1,245)
No. (%)

Second primary cancer

Lip, oral cavity, and pharynx
Digestive organs and peritoneum
Colorectal
Respiratory and intrathoracic organs
Bone, articular cartilage,
connective, and other soft tissue
Melanoma
Breast
Genital
Genitourinary organs
Prostate
Eyes
Brain and nervous system
Thyroid gland and endocrine glands
Lymphatic and hematopoietic tissue

Control
(n=996)

NMSC
(n=249)

7 (0.7)
33 (3.3)
14 (1.4)
14 (1.4)
0(

6 (2.4)
9 (3.6)
4 (1.6)
3 (1.2)
3 (1.2)

0(
0(
10 (1.0)
7 (0.7)
9 (0.9)
0(
0(
2 (0.2)
5 (0.5)

1 (0.4)
0(
2 (0.8)
7 (2.8)
2 (0.8)
1 (0.4)
0(
0(
1 (0.4)

Women (n=1,280)
No. (%)

Adjusted HR
(95% CI)a)

Adjusted HR
(95% CI)a)

Control
(n=1,024)

NMSC
(n=256)

2.99 (1.00-9.10)
0.88 (0.98-1.03)
0.93 (0.30-2.87)
0.73 (0.21-2.57)
-

1 (0.1)
24 (2.3)
12 (1.2)
4 (0.4)
2 (0.2)

0(
3 (1.2)
1 (0.4)
2 (0.8)
2 (0.8)

0.38 (0.11-1.26)
0.25 (0.03-1.96)
1.46 (0.27-8.03)
2.85 (0.40-20.24)

0.76 (0.16-3.53)
3.51 (1.21-10.17)
0.86 (0.18-4.06)
0.7 (0.08-6.12)

0(
6 (0.6)
6 (0.6)
2 (0.2)
0(
1 (0.1)
1 (0.1)
2 (0.2)

3 (1.2)
5 (2.0)
1 (0.4)
2 (0.8)
1 (0.4)
0(
0(
0(

2.58 (0.79-8.50)
0.54 (0.06-4.49)
3.21 (0.45-22.98)
-

NMSC, non-melanoma skin cancer; HR, hazard ratio; CI, confidence interval. a)Adjusted for age, sex, urbanization, and Charlson Comorbidity Index.
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Fig. 3. Cumulative incidence curves of second primary cancer involving the lip, oral cavity, pharynx (A), and the genitourinary organs (B) in men. NMSC, non-melanoma skin cancer.

which found men with squamous cell carcinoma had an
increased risk of second primary cancer involving the mouth,
pharynx, salivary glands, and prostate [3]. However, the
Norwegian study also found an additional increased risk of
melanoma, hematological malignancies, and other second

primary cancers involving the lung and pancreas [3]. Similar
to our findings, a Canadian study also found men with
NMSC had an increased risk of second primary cancer
involving the lip, oral cavity, and pharynx as well as the kidney [13]. Nevertheless, the Canadian study did not an
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increase in the risk of genital organs in men with NMSC. The
Canadian study also found an increased risk of second primary cancer involving more than 20 other organs [13].
In contrast to our findings, an U.S. study found no
increased risk of second primary cancer involving the lip,
oral cavity, pharynx, and genitourinary organs in men with
NMSC [4]. The U.S. study identified an increased risk of
melanoma in people with NMSC and an increased risk of
breast cancer and lung cancer in women with NMSC [4].
People with skin cancer have been assumed to have a
higher exposure to ultraviolet radiation that promotes the
synthesis of vitamin D which reduces the risk of prostate,
breast, and colorectal cancer [5]. However, our study found
no significant differences in the risk of prostate, breast, and
colorectal cancer between people with and without NMSC,
which was similar to the findings of a U.S. study [17]. By contrast, a Dutch study illustrated a decreased risk of developing
colorectal cancer in people with skin cancer [6], and an U.K.
study reported a lower risk of breast, and prostate cancers in
those with basal cell carcinoma [18]. Meanwhile a Swiss
study found the risk of prostate, breast, and colorectal cancer
was escalated in people with skin cancer [5], and a U.S. study
revealed an increased risk of breast and colorectal cancer in
those with skin cancer [19]. The contradictory findings from
various studies indicate the pathogenesis of prostate, breast,
and colorectal cancer is complicated and cannot be explained
by vitamin D alone.
In this study only men with NMSC had an increased risk
of second primary cancers while women did not. To the best
of our knowledge, all previous studies reported an increased
risk of subsequent primary cancers in both genders. The
cause for the male sex being an effect modifier in this study
was unclear. Men are known to be more likely than women
to own unhealthy lifestyles of smoking and alcohol drinking
in Taiwan [20], and may thus have a higher risk of having
certain cancers for example cancer of the urinary tract [21].
However, we could not adjust these lifestyle confounders in
our analysis due to the lack of relevant data in the NHIRD.
The cause for various presentations of second primary cancer in people with NMSC across the world is unclear, which
may be attributed to different genetic and environmental factors across various ethnic groups. For example, the incidence
of prostate, breast, and colorectal cancer in Asians is much
lower than that in the Western countries [22]. The lower
background incidence of these cancers might have led to the
lack of significant differences in the corresponding risk
between people with and without NMSC in this study.
All the three Western studies used analysis involving standardization of incidence and could not adequately adjust for
potential confounders [3,4,13]. Our study adjusted a range
of potential confounders including the age, urbanization and
CCI, and thus obtained less biased risk estimates than previ-
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ous studies. Another strength of our study was the lengthy
study period of up to 12 years, which allowed us to examine
the long-term impact of NMSC on the risk of second primary
cancers.
This study has several few limitations. Firstly, the sample
size of this study was limited and some finding might be the
result of random chance. Further studies are warranted to
confirm our findings. Secondly, misclassification bias might
exist as a few subjects with NMSC might not apply for catastrophic illness record. Also, those with second primary cancer might have not applied for catastrophic illness record as
well. However, such misclassification only led to an underestimation of the observed increased risk of second primary
cancer in those with NMSC. Thirdly, there were a few factors
that might have affected the development of second primary
cancer but we were unable to control due to lack of relevant
data, for example, family history of cancer, exposure of carcinogens, co-existence of inflammatory disease (such as
Crohn disease and psoriasis), metabolic syndrome, and use
of immunosuppressants. However, we have mitigated the
selection bias by use of propensity score matching by age,
sex, and urbanization in selecting controls, use of the same
index date for NMSC cases and controls, and adjustment of
potential confounders including CCI in the analysis.
In conclusion, people with NMSC have an increased risk
of second primary cancer. We found Asian men with NMSC
had an increased risk of second primary cancer involving the
lip, oral cavity, and pharynx as well as the genitourinary
organs. The results of this study can be a useful reference for
health education and preventive medicine interventions for
people diagnosed with NMSC. A specific checkup program
for people with NMSC that includes not only skin examination but also examination of other organ systems, especially
the lip, oral cavity, pharynx, and the genitourinary organs,
is warranted.
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Purpose
Human papillomavirus (HPV) vaccination has been included in the National Immunization
Program in Korea since 2016. We aimed to evaluate changes in the awareness of and
attitudes toward HPV vaccination, among adults in Korea since the first introduction of the
vaccines in 2007.
Materials and Methods
A nationwide population-based survey was conducted in 2016 for 1,200 nationally representative Korean men and women; the data obtained were compared with the data from
the nationwide survey conducted in 2007.
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Results
A significant increase in the awareness of HPV infection (35.8%) and vaccination (36.9%)
was observed in 2016 from 13.3% and 8.6% in 2007, respectively. Willingness to be vaccinated against HPV decreased from 55.0% in 2007 to 25.8% in 2016, and the proportion
of respondents expressing uncertainty increased from 28.3% in 2007 to 43.3% in 2016.
Only 12.1% of men and 22.0% of women knew about the free national HPV vaccination
program for girls, launched in June 2016. Younger women, with higher income level, awareness of the HPV vaccine, and perception of the seriousness of infections had a higher willingness to be vaccinated. A high education level, awareness of HPV infection and vaccination, and perception of the seriousness of infection were positively associated with the
willingness of respondents to vaccinate their daughters.
Conclusion
Raising the awareness of HPV infection and vaccination with appropriate knowledge is necessary for the successful implementation of the national HPV vaccination program.

Introduction
The prophylactic human papillomavirus (HPV) vaccine is
a key component in cervical cancer control. The World
Health Organization recommends the inclusion of HPV vaccines in national immunization programs [1]. Since 2007 and
2008, quadrivalent and bivalent HPV vaccines have been
approved for use in South Korea. However, there had been
no national or governmental HPV vaccination program, such
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as organized school-based vaccination or subsidized vaccination programs, until 2016. Thus, the vaccine coverage during this period was low (12% among adult women [2];
1%-10% among high school girls [3-6]). Moreover, awareness
regarding HPV vaccination and its effectiveness, which is an
important factor that influences the voluntary reception of
the vaccination, was low among adult men and women [7],
mothers [5,8], high-school girls [3,4], and college students
[9,10].
Since June 2016, HPV vaccination has been included in the
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fully funded National Immunization Program in Korea. The
quadrivalent and bivalent HPV vaccines have also been
included in the National HPV vaccination program, to be
administered in 2 doses, to 12-year-old girls [11]. Furthermore, as one of the “10 codes for cancer prevention in
Korea,” HPV vaccination has been recommended for cervical
cancer prevention at the national level. The successful introduction and acceptance of the vaccine depends on a range of
factors, including the awareness of the importance of HPV
infection in cervical cancer, awareness of the use of vaccination as a preventive method, affordability of the vaccine,
acceptability of the vaccine among groups, and the feasibility
of delivery strategies [12].
Thus, assessing the level of awareness regarding the
importance of HPV infection and vaccination among adults
in Korea is necessary to predict the success of the national
HPV vaccination program, as well as to measure the impact
of previous educational campaigns. Therefore, we analyzed
and compared data from nationwide population-based
interview surveys conducted in 2007, when the HPV vaccination was introduced in Korea, and in 2016, when the HPV
vaccination was included in the national routine vaccination
program.

cination [13]. Questions on the perceived benefits included
the respondent’s willingness to vaccinate themselves and
their children against HPV. A second questionnaire was
added to the survey, regarding the awareness of the national
HPV vaccination program, targeting 12-year-old girls that
commenced in June 2016. General demographic characteristics including age, sex, place of residence, level of education,
occupation, and family income were also collected.
Categorical variables are presented as numbers or percentages, and differences in distributions were evaluated using
the Cochrane Mantel-Haenszel chi-square test with adjustment for age group. Logistic regression analysis was used to
evaluate the association between the acceptance of the HPV
vaccination, and related factors such as age (20-29, 30-39,
40-49, and 50 years or older), sex, residence (metropolitan
area, city, and country), education (primary school or less,
middle school, high school, and college or more), and family
income (“low” for family incomes less than 2,000 US dollars,
“middle” for incomes between 2,000 and 4,000 US dollars,
and “high” for incomes greater than 4,000 US dollars); the
odds ratios (ORs) and 95% confidence intervals (CIs) were
calculated. All analyses were performed using SAS ver. 9.3
(SAS Institute Inc., Cary, NC).
This study was approved by the ethics committee of the
National Cancer Center in Korea (IRB Nos. NCCNCS-07-102,
NCC2016-0153).

Materials and Methods
The first survey on the awareness of the HPV vaccination
was conducted in November 2007 and the main results have
been previously published [7]. Briefly, 1,000 randomly
selected men and women over the age of 20 years in 15 of the
16 provinces in Korea responded to a face-to-face interview
survey performed by trained interviewers, using a structured
questionnaire. The second survey was conducted between
July 5, 2016, and August 4, 2016, and involved 1,200 randomly selected men and women over the age of 20 years in
the 16 provinces. The target households were randomly sampled from each district, considering the total population
number, as well as the age and sex distribution in each district and province.
The second survey employed the same questionnaire used
in the first survey. Participants were asked about their awareness of HPV infections, as a primary cause of cervical cancer,
and their awareness of the prevention of cervical cancer via
HPV vaccination. To understand the subjects’ attitudes
toward HPV vaccination, questions focused on five concepts
were adapted from the Health Belief Model: perceived susceptibility to HPV infection, perceived severity of HPV
infection, perceived benefits of HPV vaccination, perceived
barriers to HPV vaccination, and cues to action for HPV vac-

Results
Table 1 shows the general characteristics of the respondents.
The sex and regional distributions were similar in the 2007 and
2016 surveys. The respondents in the 2016 survey were more
likely to be older, have higher education, and be an office
worker compared to the respondents in the 2007 survey,
reflecting an aging population.
Table 2 shows the differences in awareness of and attitudes
regarding HPV infection and vaccination between the 2007
and 2016 surveys. The awareness of the importance of HPV
infection (35.8% in 2016) and vaccination (36.9% in 2016) were
significantly increased from that in 2007 (13.3% and 8.6%,
respectively) (p < 0.001). The proportion of respondents who
reported being invulnerable to HPV infection increased from
28.2% in 2007, to 42.0% in 2016. On the other hand, the proportion of respondents who reported being unsure of their
vulnerability (52.3% in 2007, 37.3% in 2016) had decreased
since 2007. The proportion of respondents who considered
HPV infection as non-serious had increased from 8.0% to
23.7% since 2007, whereas the proportion of respondents who
were uncertain about the seriousness of HPV had decreased
VOLUME 50 NUMBER 2 APRIL 2018
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Table 1. General characteristics of the respondents in the 2007 and 2016 surveys
Characteristic
Sex
Men
Women
Age (yr)
20-29
30-39
40-49
 50
Education
Middle school or less
High school
College or more
Occupation
Agriculture/Forestry/Fishery
Self-employment
Clerk/Sale
Engineer/Driver
Janitor/Cleaner/Construction worker
Office worker
Professional/Manager
House wife
Student
Unemployment
Household income per montha)
Low
Middle
High
Region
Metropolitan area
City
Country

Survey year
2007

2016

496 (49.6)
504 (50.4)

594 (49.5)
606 (50.5)

222 (22.2)
239 (23.9)
225 (22.5)
314 (31.4)

196 (16.3)
243 (20.3)
268 (22.3)
493 (41.1)

195 (19.5)
459 (45.9)
345 (34.5)

76 (6.3)
502 (41.8)
622 (51.8)

39 (3.9)
217 (21.7)
117 (11.7)
57 (5.7)
20 (2.0)
141 (14.1)
9 (0.9)
274 (27.4)
68 (6.8)
58 (5.8)

3 (0.3)
152 (12.7)
205 (17.1)
74 (6.2)
27 (2.2)
325 (27.1)
32 (2.7)
279 (23.2)
64 (5.3)
39 (3.2)

232 (23.2)
562 (56.2)
197 (19.7)

236 (19.7)
685 (57.1)
279 (23.2)

479 (47.9)
421 (42.1)
100 (10.0)

542 (45.2)
523 (43.6)
135 (11.2)

Values are presented as number (%). a)Income categorized in low (< 2,000 USD), middle (2,000-4,000 USD), and high (> 4,000
USD) in 2007; low (< 3,000 USD), middle (3,000-5,000 USD), and high (> 5,000 USD) in 2016; 1 US dollar=1,000 Korean won.

from 59.5% to 37.3% since 2007. In addition, the willingness to
be vaccinated against HPV decreased from 55.0% in 2007 to
25.8% in 2016; the proportion of those who responded with
uncertainty increased from 28.3% in 2007 to 43.3% in 2016. The
most common reason for refusal of vaccination was the unimportance attached to its practice (47%), followed by the lack of
its awareness (32.7%), high cost (13.7%), uncertainty about its
effectiveness (11.4%), and subsequent adverse reactions
(9.9%). In addition, the willingness of some respondents to
vaccinate their daughters (77.0% in 2007, 69.5% in 2016) and
sons (73.2% in 2007, 58.3% in 2016) had decreased over the
years. Among respondents who were willing, 2.7% and 0.8%
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had already vaccinated their daughters or sons, respectively.
Only 12.1% of men and 22.0% of women knew about the free
national HPV vaccination program for girls launched in June
2016.
Table 3 shows the factors associated with the willingness of
respondents to vaccinate themselves and their daughters, in
the 2016 survey. In women, a higher willingness to be vaccinated was associated with younger age, higher income level,
awareness of the HPV vaccine (adjusted OR, 1.3; 95% CI, 1.0
to 1.8), and perception of the seriousness of infection (adjusted
OR, 2.4; 95% CI, 1.6 to 3.4). In addition, a high level of education, awareness of the importance of HPV infection (OR, 1.5;

(Continued to the next page)

[Awareness] Did you know that cervical cancer is
related to HPV infection?
No
Yes
[Awareness] Did you know that cervical cancer
can be prevented by HPV vaccination?
No
Yes
[Perceived susceptibility] Do you think you
can be easily infected with HPV?
No
Yes
Do not know
[Perceived seriousness] Do you think HPV
infection is a serious disease?
No
Yes
Do not know
[Perceived benefits] Would you be vaccinated against
HPV if HPV infection is preventable?
No
Yes
Uncertain
[Perceived benefits] If HPV infection is preventable,
would you vaccinate your daughter against HPV?
No
Yes
Already vaccinated
Will vaccinated
Uncertain

Variable

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

914 (91.4) 757 (63.1)
86 (8.6) 443 (36.9)

282 (28.2) 504 (42.0)
195 (19.5) 308 (25.7)
523 (52.3) 388 (32.3)

80 (8.0) 284 (23.7)
325 (32.5) 469 (39.1)
595 (59.5) 447 (37.3)

167 (16.7) 348 (30.9)
550 (55.0) 291 (25.8)
283 (28.3) 488 (43.3)

46 (4.6) 115 (9.6)
770 (77.0) 834 (69.5)
32 (2.7)
802 (66.8)
184 (18.4) 251 (20.9)

p-valuea)

< 0.001

2016

867 (86.7) 770 (64.2)
133 (13.3) 430 (35.8)

2007

Overall

Men
2016

28 (5.6)
58 (9.8)
374 (75.4) 391 (65.8)
9 (1.5)
382 (64.3)
94 (19.0) 145 (24.4)

71 (14.3) 175 (30.5)
275 (55.4) 144 (25.1)
150 (30.2) 255 (44.4)

40 (8.1) 148 (24.9)
126 (25.4) 193 (32.5)
330 (66.5) 253 (42.6)

149 (30.0) 263 (44.3)
86 (17.3) 98 (16.5)
261 (52.6) 233 (39.2)

471 (95.0) 431 (72.6)
25 (5.0) 163 (27.4)

459 (92.5) 424 (71.4)
37 (7.5) 170 (28.6)

2007

Table 2. Awareness of and attitudes toward HPV infection and vaccination: the 2007 and 2016 surveys

0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

p-valuea)

Women
2016

18 (3.6)
57 (9.4)
396 (78.6) 443 (73.1)
23 (3.8)
420 (69.3)
90 (17.9) 106 (17.5)

96 (19.0) 173 (31.3)
275 (54.6) 147 (26.6)
133 (26.4) 233 (42.1)

40 (7.9) 136 (22.4)
199 (39.5) 276 (45.5)
265 (52.6) 194 (32.0)

133 (26.4) 241 (39.8)
109 (21.6) 210 (34.6)
262 (52.0) 155 (25.6)

443 (87.9) 326 (53.8)
61 (12.1) 280 (46.2)

408 (80.9) 346 (57.1)
96 (19.1) 260 (42.9)

2007

0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

p-valuea)
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Values are presented as number (%). HPV, human papillomavirus. a)Cochran-Mantel-Haenszel chi-square test, adjusted for age-group.

995 (82.9)
205 (17.1)

[Perceived benefits] If HPV infection is preventable,
would you vaccinate your son against HPV for your
future daughter-in-law?
No
Yes
Already vaccinated
Will vaccinated
Uncertain
[Awareness] Did you know that free HPV vaccination
is available for girls ages 11-12 by a national
immunization program in 2016?
No
Yes

56 (5.6) 159 (13.3)
732 (73.2) 702 (58.5)
10 (0.8)
692 (57.7)
212 (21.2) 339 (28.3)

< 0.001

522 (87.9)
72 (12.1)

29 (5.8)
79 (13.3)
352 (71.0) 341 (57.4)
4 (0.7)
337 (56.7)
115 (23.2) 174 (29.3)

< 0.001

473 (78.0)
133 (22.0)

< 0.001
27 (5.4)
80 (13.2)
380 (75.4) 361 (59.6)
6 (1.0)
355 (58.6)
97 (19.2) 165 (27.2)

2007
2016
2007

Variable

Table 2. Continued

Overall

p-valuea)

2007

Men

2016

p-valuea)

Women

2016

p-valuea)

Cancer Res Treat. 2018;50(2):436-444

95% CI, 1.2 to 2.0), awareness of the vaccination (OR, 1.7; 95%
CI, 1.3 to 2.2), and perception of the seriousness of infection
(OR, 2.5; 95% CI, 1.8 to 3.4) were positively associated with the
respondents’ willingness to vaccinate their daughters. Furthermore, women (adjusted OR, 1.5; 95% CI, 1.1 to 1.9) had a
higher willingness to vaccinate their daughters compared to
men.
Additionally, only 17% of the respondents (12.1% of men,
22.0% of women) knew about the national HPV vaccination
program launched in June 2016. Women (OR, 2.3; 95% CI, 1.7
to 3.1) and respondents aged 40-49 years (OR, 1.8; 95% CI, 1.2
to 2.7) with a high level of education (OR, 4.3; 95% CI, 1.5 to
12.5 in the level of college or more compared to the level of
middle school or less), awareness of HPV infection as a risk
factor for cervical cancer (OR, 2.3; 95% CI, 1.7 to 3.2), and
awareness of the vaccination (OR, 3.5; 95% CI, 2.5 to 4.9) were
more likely to know about the National HPV Vaccination Program (Table 4).

Discussion
The incidence and mortality rates for cervical cancer have
been decreasing steadily (age-standardized incidence rate,
16.3 per 100,000 women in 1999 and 9.5 in 2013; 5-year relative survival rate, 77.5% in 1993-1995 and 80.1% in 2009-2013
[14]), partly due to organized cervical cancer screenings [15].
However, cervical cancer is still one of the 10 major female
cancers in Korea. In 2014, 3,500 new cases were diagnosed
and 967 women died from cervical cancer [16].
As well known, cervical cancer can be avoided through the
prevention of HPV infections. Therefore, since 2007, safe sexual behavior has been promoted as one of the 10 codes for
cancer prevention in Korea, thereby, preventing cervical cancer development via the prevention of the sexual transmission of an HPV infection. Within the same period, HPV
vaccines were introduced and used in Korea, but without an
organized immunization program. Thus, vaccine coverage
was low due to a lack of awareness of the HPV infection and
vaccination, as well as the cost of vaccination [7]. Subsequently, the promotion of HPV vaccination by the private
sector decreased the cost of vaccination; however, this did
not substantially increase vaccine coverage. According to the
Korean National Immunization Survey, vaccination coverage
in 2013 was 28.7%, 15.9%, and 4.6% among women aged
19-26 years, 27-39 years, and 40-59 years, respectively [2].
Although there is no national data on vaccine coverage in
young girls, several studies have demonstrated low rates
among high school girls (1%-10%) [3-6]. Given that HPV is a
cause of cervical cancer, and a safe and effective vaccine is
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Table 3. Willingness to vaccinate oneself and respondent’s daughter(s) against HPV by selected characteristics, 2016
Willingness to vaccinate oneselfa)
Characteristic

Total

No. (%)

Adjusted OR (95% CI)
Model 1b)

Model 2c)

1(
1.1 (0.9-1.5)

1(
1.1 (0.9-1.5)

Willingness to vaccinate daughter
No. (%)

Adjusted OR (95% CI)
Model 1b)

Model 2c)

1(
1.4 (1.1-1.8)

1(
1.5 (1.1-1.9)

Sex
Men
Women
Age (yr)
 50
40-49
30-39
20-29

594
606

144 (25.1)
147 (26.6)

493
268
243
196

101 (21.3)
70 (27.8)
65 (29.3)
55 (30.7)

1(
1(
1.4 (1.0-2.0)
1.4 (1.0-2.0)
1.5 (1.1-2.2)
1.5 (1.0-2.2)
1.7 (1.1-2.4)
1.6 (1.1-2.5)
p-trend=0.004 p-trend=0.009

342 (69.4)
189 (70.5)
170 (70.0)
133 (67.9)

1(
1(
1.1 (0.8-1.5)
1.0 (0.7-1.4)
1.1 (0.8-1.5)
1.0 (0.7-1.4)
1.0 (0.7-1.4)
0.9 (0.6-1.3)
p-trend=0.926 p-trend=0.637

Education
Middle school or less
High school
College or more

76
502
622

16 (21.1)
119 (25.1)
156 (27.1)

1(
1(
1.1 (0.6-2.0)
1.1 (0.6-2.0)
1.1 (0.6-2.0)
1.1 (0.6-2.0)
p-trend=0.821 p-trend=0.821

43 (56.6)
363 (72.3)
428 (68.8)

1(
1(
2.2 (1.3-3.7)
2.2 (1.3-3.7)
2.0 (1.2-3.3)
2.0 (1.2-3.3)
p-trend=0.308 p-trend=0.308

Income per month
Low (< 3,000 USD)
Middle (3,000-5,000 USD)
High (> 5,000 USD)

236
685
279

46 (20.1)
168 (26.3)
77 (29.8)

1(
1(
1.3 (0.9-1.9)
1.4 (0.9-2.0)
1.6 (1.0-2.4)
1.7 (1.1-2.6)
p-trend=0.030 p-trend=0.026

160 (67.8)
469 (68.5)
205 (73.5)

1(
1(
1.1 (0.8-1.5)
0.9 (0.7-1.3)
1.3 (0.9-2.0)
1.2 (0.8-1.9)
p-trend=0.126 p-trend=0.205

Region
Metropolitan area
Middle/Small city
Small town

542
523
135

135 (26.5)
132 (26.8)
24 (19.4)

1(
1(
1.0 (0.8-1.3)
1.0 (0.8-1.3)
0.7 (0.4-1.1)
0.7 (0.4-1.1)
p-trend=0.306 p-trend=0.297

376 (69.4)
371 (70.9)
87 (64.4)

1(
1(
1.1 (0.8-1.4)
1.0 (0.8-1.4)
0.8 (0.5-1.2)
0.7 (0.5-1.1)
p-trend=0.536 p-trend=0.491

770
430

185 (24.4)
106 (28.7)

1(
1.2 (0.9-1.6)

1(
1.2 (0.9-1.6)

507 (65.8)
327 (76.1)

1(
1.6 (1.2-2.1)

1(
1.5 (1.2-2.0)

757
443

173 (23.7)
118 (29.8)

1(
1.3 (1.0-1.8)

1(
1.3 (1.0-1.8)

493 (65.1)
341 (77.0)

1(
1.8 (1.3-2.2)

1(
1.7 (1.3-2.2)

284
469
447

47 (17.5)
145 (33.6)
99 (23.2)

1(
2.4 (1.6-3.4)
1.4 (1.0-2.1)

1(
2.4 (1.6-3.4)
1.4 (1.0-2.1)

172 (60.6)
375 (80.0)
287 (64.2)

1(
2.5 (1.8-3.5)
1.2 (0.9-1.6)

1(
2.5 (1.8-3.4)
1.2 (0.9-1.6)

995
205

239 (25.1)
52 (29.9)

1(
1.2 (0.8-1.7)

1(
1.2 (0.8-1.7)

682 (68.5)
152 (74.2)

1(
1.2 (0.9-1.8)

1(
1.2 (0.9-1.7)

Awareness of HPV infection as
a risk factor of cervical cancer
No
Yes
Awareness of HPV vaccine
No
Yes
Perceived seriousness
No
Yes
Do not know
Awareness on NHPVP
No
Yes

391 (65.8)
443 (73.1)

HPV, human papillomavirus; OR, odds ratio; CI, confidence interval; NHPVP, National HPV Vaccination Program. a)The
willingness to vaccinate oneself was analyzed except for 73 persons who had already received HPV vaccination before the
survey, b)Model 1: multiple logistic regression model adjusted for sex and age, c)Model 2: multiple logistic regression model
adjusted for sex, age, and education, when appropriate.

available, the most effective target population is young girls
without any sexual experience. Thus, in 2016, the Korean
government, as a part of the National Immunization Pro-

gram, offered a fully funded HPV vaccination opportunity
to girls aged 12 years [11]. Therefore, it is very important to
assess the awareness of the HPV infection and vaccination in
VOLUME 50 NUMBER 2 APRIL 2018

441

Cancer Res Treat. 2018;50(2):436-444

Table 4. Awareness of the national HPV vaccination program by selected characteristics, 2016
Awareness of the National HPV Vaccination Program
Characteristic

Total

No. (%)

Adjusted OR (95% CI)
Model 1a)

Model 2b)

Sex
Men
Women
Age (yr)
 50
40-49
30-39
20-29

594
606

72 (12.1)
133 (21.9)

1(
2.1 (1.6-2.9)

1(
2.3 (1.7-3.1)

493
268
243
196

61 (12.4)
58 (21.6)
47 (19.3)
39 (19.9)

1(
2.1 (1.4-3.1)
1.8 (1.2-2.7)
1.9 (1.2-3.0)
p-trend=0.002

1(
1.8 (1.2-2.7)
1.4 (0.9-2.2)
1.4 (0.9-2.3)
p-trend=0.130

Education
Middle school or less
High school
College or more

76
502
622

4 (5.3)
74 (14.7)
127 (20.4)

1(
2.9 (1.0-8.4)
4.3 (1.5-12.5)
p-trend < 0.001

1(
2.9 (1.0-8.4)
4.3 (1.5-12.5)
p-trend < 0.001

Income per month
Low (< 3,000 USD)
Middle (3,000-5,000 USD)
High (> 5,000 USD)

236
685
279

35 (14.8)
119 (17.4)
51 (18.3)

1(
1.1 (0.7-1.7)
1.2 (0.7-1.9)
p-trend=0.422

1(
0.9 (0.6-1.4)
0.9 (0.5-1.4)
p-trend=0.720

Region
Metropolitan area
Middle/Small city
Small town

542
523
135

81 (14.9)
103 (19.7)
21 (15.6)

1(
1.4 (1.0-2.0)
1.0 (0.6-1.8)
p-trend=0.226

1(
1.4 (1.0-1.9)
1.0 (0.6-1.7)
p-trend=0.324

770
430

90 (11.7)
115 (26.7)

1(
2.4 (1.7-3.3)

1(
2.3 (1.7-3.2)

757
443

73 (9.6)
132 (29.8)

1(
3.6 (2.6-4.9)

1(
3.5 (2.5-4.9)

284
469
447

44 (15.5)
101 (21.5)
60 (13.4)

1(
1.4 (0.9-2.1)
0.9 (0.6-1.4)

1(
1.4 (0.9-2.0)
0.9 (0.6-1.4)

Awareness of HPV infection as
a risk factor of cervical cancer
No
Yes
Awareness of HPV vaccine
No
Yes
Perceived seriousness
No
Yes
Do not know

HPV, human papillomavirus; OR, odds ratio; CI, confidence interval. a)Model 1: multiple logistic regression model adjusted
for sex and age, b)Model 2: multiple logistic regression model adjusted for sex, age and education, when appropriate.

the general population, which are possible key factors affecting the acceptance of HPV vaccination.
The results of the present study demonstrate that among
adults, the awareness of HPV infection as a risk factor for cervical cancer has increased since 2007. In addition, the awareness of HPV vaccination as a preventive measure for cervical
cancer has increased since 2007, while the willingness of
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respondents to vaccinate themselves or their daughter(s)
against HPV has decreased since 2007 [7]. One possible
explanation for these findings is that an awareness has been
raised by the government sector, through the dissemination
of information regarding the modes of acquisition of the
HPV infection, as well as the promotion of HPV testing and
vaccination in the private sectors. Furthermore, available
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information on HPV-related issues has improved knowledge; this has reduced uncertainty and misconceptions.
Among adults, correct knowledge and an improved awareness of the HPV vaccination may decrease willingness to vaccinate themselves against HPV. Many sources, including the
National Cancer Information Center (http://www.cancer.
go.kr) and the Centers for Disease Control & Prevention
(http://nip.cdc.go.kr), continually provide reliable detailed
information regarding HPV infections, cervical cancer, and
the HPV vaccine. The information emphasizes the higher
effectiveness of the HPV vaccine in young girls compared to
middle-aged women and men. The most common reason for
refusal of the HPV vaccination in the present study was the
perception of some respondents that the vaccine was not necessary for them. However, men and women with a higher
educational level, greater knowledge regarding HPV infection and vaccination, and greater perception of the seriousness of HPV infections had a high willingness for vaccination
and were more likely to vaccinate their daughter(s) against
HPV.
The results of the present study demonstrate that the overall awareness of the national HPV vaccination program is
still very low; however, the awareness of the newly launched
national HPV vaccination program was relatively higher in
women with high educational level, and awareness of HPV
infection and vaccination. Respondents aged 40-49 years
reflect an age group with a high probability of having young
daughters around 12 years; these were also more likely to
know about the national HPV vaccination program, compared to respondents in other age groups. Other evaluated
factors did not have a significant effect on the awareness of
the national HPV vaccination program. To encourage HPV
vaccination among young girls around 12 years of age, it
appears to be necessary for the parents of these girls to
receive more information regarding the national HPV vaccination program, including why a high priority is placed on
this target population, for HPV vaccination, with regard to

cervical cancer prevention.
A strength of this study is that data from two nationwide
surveys with the same design were used, allowing easy
observation of changes in awareness and acceptance of the
HPV vaccination over time. The present study also has several limitations. First, the relatively small sample sizes (1,0001,200 respondents) are not adequate to be representative of
the general population in Korea. However, we randomly
sampled respondents proportional to size of the population,
from 16 provinces (15 provinces in 2007) across the country,
who reflected the age and sex distribution in each district and
province. As a result, the general characteristics of the
respondents are similar to those of the Korean general population. Second, the present study did not include children
or adolescents, even though they are the targeted group for
HPV vaccination. Further studies on awareness and acceptance of HPV vaccination among various groups including
adolescents, parents, teachers, and health professionals are
needed.
In conclusion, raising the awareness of HPV infection and
vaccination with the appropriate knowledge is necessary for
the successful implementation of the national HPV vaccination program. Further promotion and awareness of the
national HPV vaccination program could be expected to
increase the vaccine coverage, which may guarantee a cervical-cancer-free generation in the future of Korea.
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Ferroptosis: A Novel Anti-tumor Action for Cisplatin

Purpose
Ferroptosis is a new mode of regulated cell death, which is completely distinct from other
cell death modes based on morphological, biochemical, and genetic criteria. This study evaluated the therapeutic role of ferroptosis in classic chemotherapy drugs, including the
underlying mechanism.

Jipeng Guo, MD, PhD1
Bingfei Xu, MD1
Qi Han, MD, PhD1,2
Hongxia Zhou, MD, PhD1
Yun Xia, MD, PhD1
Chongwen Gong, MD, PhD1
Xiaofang Dai, MD, PhD1
Zhenyu Li, MD, PhD1
Gang Wu, MD, PhD1

Materials and Methods
Cell viability was detected by using the methylthiazoltetrazlium dye uptake method. RNAi was
used to knockout iron-responsive element binding protein 2, and polymerase chain reaction, western blot was used to evaluate the efficiency. Intracellular reduced glutathione level
and glutathione peroxidases activity were determined by related assay kit. Intracellular reactive oxygen species levels were determined by flow cytometry. Electron microscopy was used
to observe ultrastructure changes in cell.
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Results
Among five chemotherapeutic drugs screened in this study, cisplatin was found to be an
inducer for both ferroptosis and apoptosis in A549 and HCT116 cells. The depletion of
reduced glutathione caused by cisplatin and the inactivation of glutathione peroxidase
played the vital role in the underlying mechanism. Besides, combination therapy of cisplatin
and erastin showed significant synergistic effect on their anti-tumor activity.
Conclusion
Ferroptosis had great potential to become a new approach in anti-tumor therapies and
make up for some classic drugs, which open up a new way for their utility in clinic.
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Introduction
Cell death is crucial for normal development, homeostasis,
and the prevention of hyperproliferative diseases such as
cancer. Historically cell death has been categorized based on
morphologic observations. Three major forms of cell death
are recognized to date: apoptosis (type I cell death),
autophagy (type II), and necrosis (type III or accidental cell
death) [1]. Besides, there are alternative cell death pathways,
such as anoikis, pyroptosis, cornification [2]. It is once
thought that almost all regulated cell death (RCD) in mammalian cells resulted from apoptosis, but this view has been
challenged by the discovery of several regulated nonapoptotic cell death pathways, one of them is ferroptosis [3-5].
Ferroptosis is generally referred as a mode of RCD involving the production of iron-dependent reactive oxygen species
(ROS), which is distinct from other forms of cell death based
on morphological, biochemical, and genetic criteria [5-7]. Ferroptotic cells exhibit completely different changes under
transmission electron microscopy: smaller mitochondria
with increased membrane density and reduced cristae [2,5,6].
Besides, inhibition of apoptosis, necrosis, and autophagy by
small molecule inhibitors cannot reverse ferroptosis [5].
Mechanistically, iron metabolism and lipid peroxidation signaling are increasingly recognized as central mediators of
ferroptosis, and multiple molecules affecting accumulation
of lipid peroxidation products and lethal ROS derived from
iron metabolism have been identified as inducers or inhibitors of ferroptosis. Common inducers for ferroptosis are
erastin (inhibit cystine/glutamate antiporter system Xc),
RSL3 (inhibit glutathione peroxidase [GPX] 4), buthioninesulphoximine (inhibit glutamate-cysteine ligase), and common inhibitors are ferrostatin-1 (inhibit ROS), deferoxamine
(inhibit fenton reaction), -mercaptoethanol (enhance cystine/glutamate antiporter system Xc), ciclopirox (intracellular iron chelator) [5-11].
At present, apoptosis evasion, also enhancement of antiapoptosis ability, is considered as the major reason for tumor
refractory; as a mode of RCD completely independent from
apoptosis, ferroptosis may provide a new therapeutic
approach to cancer treatment. Recently, sorafenib, a targeted
therapy that blocks cellular oncogenic kinases, has been
proved to exert its cytotoxic effects on hepatocellular carcinoma cells through ferroptosis [12,13]. Considering this fact,
we are wondering whether this new way of cell death exists
in classical therapeutic drugs such as cisplatin, fluorouracil
(5-FU), etc. Indeed, activation of an alternative cell death
pathway may open up a new way for the utility of chemotherapeutic agents and overcome the related drug resistance.
In the present study, a number of classic chemotherapeutic
drugs were screened for the occurrence of ferroptosis, and
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cisplatin was considered as an inducer for both ferroptosis
and apoptosis in A549 and HCT116 cells. With further exploration, we highlighted that the depletion of reduced glutathione (GSH) and inactivation of GPXs played the vital role
in the whole process of cisplatin induced ferroptosis. Besides,
combination therapy of cisplatin and erastin were executed
on A549/HCT116 cells, and the results demonstrated a significant synergistic effect on their anti-tumor activity. All
these findings indicated that ferroptosis has a high potential
to be a new opportunity for therapeutic intervention on cancer treatment.

Materials and Methods
1. Cell lines
Non-small cell lung cancer (NSCLC) cell lines A549,
NCIH358, NCIH460, and Calu-1, human colorectal cancer
cell line HCT116, human fibrosarcoma cell line HT-1080 were
obtained from China Center for Type Culture Collection
(CCTCC, Wuhan University, Wuhan, China). Cells were cultured in RPMI-1640 medium (Hyclone, Logan, UT) with 10%
fetal bovine serum (FBS; Gibco, Grand Island, NY), supplemented with 100 U/mL penicillin and 100 µg/mL streptomycin (Hyclone). Cells were maintained in a humidified
incubator at 37°C, in the presence of 5% CO2. All cell lines
were cultured to limited passage before implantation and
were routinely screened to confirm the absence of contamination.
2. Preparation of the reagents
Cells were under the exposure to several kinds of reagents.
The amount and conditions of those reagents were as follows: cisplatin (Sigma, St. Louis, MO) was dissolved in normal saline (NS) with a final working concentration of
5 µg/mL, 5-FU (Sigma) was dissolved in NS with a final
working concentration of 20 µg/mL, adriamycin (Meilunbio,
Dalian, China) was prepared in dimethyl sulfoxide (DMSO;
Sigma) with a final working concentration of 10 µg/mL,
paclitaxel (Meilunbio) was prepared in DMSO with a final
working concentration of 10 µmol/L, and sulfasalazine
(Sigma) was prepared in DMSO with a final working concentration of 0.8 mmol/L. Erastin (Selleck, Houston, TX) was
prepared in DMSO with a final working concentration of 10
µmol/L, ferrostatin-1 (Sigma) was prepared in DMSO with
a final working concentration of 0.5 µmol/L, deferoxamine
(Sigma) was prepared in DMSO with a final working concentration of 50 µmol/L, a stock solution of -mercap-
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toethanol (Sigma) was diluted into a final working concentration of 50 µmol/L, a stock solution of z-vad-fmk
(Beyotime, Haimen, China) was diluted into a final working
concentration of 20 µmol/L, necrostatin-1 (Santa Cruz Biotechnology, Santa Cruz, CA) was prepared in DMSO with a
final working concentration of 30 µmol/L, chloroquine
(Meilunbio) was dissolved in NS with a final working concentration of 5 µg/mL.
3. Determination of cell viability
Cells (5103) cultured in RPMI-1640 medium with 10% FBS
were seeded in 96-well plates and received treatments for a
given period. The cytotoxic effect of different treatments was
determined by the methylthiazoltetrazlium (MTT; Biosharp,
Carlsbad, CA) dye uptake method. MTT solution (20 µL,
5 mg/mL) was added to each well. After incubation for 4
hours at 37°C, the supernatants were removed and 150 µL
DMSO were added to each well, then incubated at 37°C for
15 minutes. Optical density (OD) was detected with a
microplate reader (Biotech, New York, NY). Inhibition rate
(IR) (%)=[1–(OD of the experimental sample/OD of the control)]100%, Q=IRA+B/(IRA+IRB–IRAIRB) (IRA was the IR of
drug A, IRB was the IR of drug B, IRA+B was the IR of drug
A+drug B), and Q > 1.15 was a symbol for significant synergistic effect of drug A and drug B.
4. Determination of ROS levels
The 2105 of cells were seeded in 6-well plates in advance.
The next day, cells were incubated in 2 mL media with different drugs for 48 hours. Then, the culture media was
replaced by serum-free media containing 10 µmol/L 2',7'dichlorodihydrofluorescein diacetate (Sigma) and placed in
dark for 30 minutes, gently shaken every 5 minutes. Cells
were harvested in 15 mL tubes by centrifuging at 1,000 rpm
for 5 minutes and washed 3 times with serum-free media followed by re-suspending in serum-free media, then incubated
with 5 µL 7-aminoactinomycin D (KeyGEN Bio-TECH, Nanjing, China) in dark for 5 minutes. Fluorescence was determined by flow cytometry (BD Biosciences, San Jose, CA) at
an excitation wavelength of 488 nm and an emission wavelength of 525 nm. The average intensity of fluorescence in
each group indicated the amount of ROS within cells.

trifuged at 1,200 rpm at 4°C for 5 minutes twice. The cell pellet was resuspended in 8 µL protein removal solution, thoroughly incorporated, and placed in –70°C and 37°C
sequentially for fast freezing and thawing, then placed in 4°C
for 5 minutes and centrifuged at 10,000 g for 10 minutes.
The supernatant was used to determine the amount of GSH
in the sample. We used the GSH and GSSG Assay Kit (product No. S0053, Beyotime) and followed the product instructions to determine GSH levels [10]. Briefly, GSH assay buffer,
GSH reductase, 5,5-dithio-bis 2-nitrobenzoic acid solution
and supernatant sample were mixed together and incubated
at 25°C for 5 minutes, then NADPH was added into this system to trigger the reaction. The increase in the absorbance of
5-thio-2-nitrobenzoic acid was measured at 412 nm, and the
GSH levels were calculated following the product instructions.
6. Determination of GPXs
Cells with or without compound treatment were harvested
and washed with PBS twice, resuspended in 50 µL cell lysis
solution and homogenized at 4°C for 15 minutes. The resulting crude lysates were cleared by centrifuging at 12,000 g
for 10 minutes, and the supernatant was kept for next step.
The total amount of protein in the supernatant was determined first through BCA method (BCA Protein Detection
Kit, Google Bio, China). Then, Total Glutathione Peroxidase
Assay Kit (product No. S0056, Beyotime) was used to measure the activity of GPX [10]. In microtubes, GPX assay buffer,
NADPH, GSH, GSH reductase and supernatant sample were
transferred and completely mixed according to the manufacturer’s guidelines. GPX reaction was started by adding peroxide reagent tert-butylhydroperoxide (t-Bu-OOH) to the
mixture above. The decrease in the absorbance of NADPH
was determined at 340 nm. The amount of enzyme which
oxidizes 1 µmol of NADPH per min at 25°C is defined as one
unit of enzyme.
7. Transmission electron microscopy
Cells were examined at the ultrastructural level using
transmission electron microscopy (Olympus, Tokyo, Japan).
At least three independent fields were acquired for each
experimental condition. Representative photographs from
one field of view are shown.

5. Determination of reduced GSH levels
8. RNA Interference
The 2105 of cells were seeded in 6-well plates in advance.
The next day, cells received different treatment for 48 hours
followed by harvesting to determine cell number. Nearly
6104 live cells from each sample were transferred to new
tubes, washed in phosphate buffered saline (PBS) and cen-

Small interfering RNAs (siRNA) targeting IREB2 (siRNA
IREB2-7499, GCUGUGAAAUUGUUUCGAAtt; siRNA IREB2-7500, GGAACAUUUUCUUCGCAGAtt) and siNeg (random sequence) were obtained from Genepharma TechnoVOLUME 50 NUMBER 2 APRIL 2018
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logies (Shanghai, China). Six thousand cells were seeded in
96-well plates and incubated at 37°C for 24 hours. Reverse
transfection was performed by preparing two solutions of
siRNA-Optimem (siRNA:Optimem=1:100) and lipo2000Optimem (lipo2000:Optimem=1:100, Lipofectamine 2000 and
optimum media were both purchased from Invitrogen,
Carlsbad, CA). After stayed at room temperature for 5 minutes, the two solutions were mixed up at a ratio of 1:1 and
placed for 25 minutes at 37°C. Next, 50 µL siRNA-lipo2000Optimem mixture and 50 µL serum-containing media were
added to each well and incubated for 6 hours at 37°C. Following incubation, 100 µL serum-containing media were
transferred to each well and incubated at 37°C. Real-time
polymerase chain reaction and western blot were performed
48 hours later to verify the efficiency of transfection. Then,
drug treatment experiments were performed 24 hours after
the transfection.

incubated with secondary antibodies for 1 hour at 37°C. The
membrane was washed again in TBS-T thrice for 10 minutes
prior to visualization using enhanced chemiluminescence
(ECL, Thermo Fisher Scientific, Waltham, MA). Antibody for
IREB2 (ab10-6926, Abcam, Cambridge, MA) were used at
1:1,000 dilution, and detected using a goat mouse horseradish peroxidase conjugate secondary antibody (Santa Cruz
Biotechnology) at 1:5,000 dilution.
11. Statistical analyses
All assays were conducted 3 times and found to be reproducible. Data were expressed as mean±standard deviation
and analyzed by GraphPad Prism 5 software (GraphPad
Software Inc., San Diego, CA). Differences were considered
statistically significant at p < 0.05.

9. Real-time polymerase chain reaction
Cells received siRNA transfection were harvested and
RNA was purified using the Total RNA extraction Trizol kits
(Invitrogen) according to the manufacturer’s instructions, the
concentration of RNA was determined by spectrophotometer
(Eppendorf, Hamburg, Germany). The 800 ng total RNA per
sample was subsequently used in a reverse transcription
reaction using the Reverse Transcription Kit (Takara, Tokyo,
Japan). The primers for polymerase chain reaction (PCR)
were designed with Primer Express (upstream sequence,
5-CTACCTGCCGAGGATCTTGTGA-3 downstream sequence, 5-TGATGAGCCATTCCAGTTCCAG-3).
Quantitative PCR was performed on triplicate samples,
and the relative amount of the target gene in experimental
and control conditions was computed using the 2-CT
method.
10. Western blot
Cells received siRNA transfection were incubated with
50 µL cell lysis solution for 30 minutes, then transferred into
new tubes and centrifuged at 16,000 rpm at 4°C for 15 minutes. The amount of protein in the supernatant was determined by BCA method (BCA Protein Detection Kit, Google
Bio). After quantification, samples were mixed with sodium
dodecyl sulfate (SDS) loading buffer and separated by SDSpolyacrylamide gel electrophoresis (Western Blotting Kit,
Google Bio). Western transfer was performed using the iBlot
system (Invitrogen). PVDF membranes (Millipore, Billerica,
MA) were blocked for 1 hour in Tris-buffered saline (pH 7.4)
with 1% Tween-20 (TBS-T) with 5% milk and incubated in
primary antibody overnight at 4°C. Following washed about
10 minutes in TBS-T for three times, the membrane was
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Results
1. Cisplatin induced both ferroptosis and apoptosis in A549
and HCT116 cells
To test our hypothesis that ferroptosis might exist in the
process of cell death induced by classical therapeutic drugs,
we designed our exploration using six kinds of cancer cells
and five typical chemotherapeutic drugs. Ferrostatin-1 has
been proved to be a potent specific inhibitor of ferroptosis, and
its mechanism of action is to prevent ferroptosis-induced
accumulation of cytosolic and lipid ROS [5]. NSCLC cell lines
A549, NCIH358, NCIH460, Calu-1, human colorectal cancer
cell line HCT116, and human fibrosarcoma cell line HT-1080
received treatments of cisplatin, 5-FU, adriamycin, paclitaxel,
and sulfasalazine for 48 hours, respectively. We found that
only cisplatin induced cell death could be partially reversed
by ferrostatin-1 in both A549 and HCT116 cells, while other
drugs showed no response to ferrostatin-1 (Fig. 1A). Later, we
applied several different kinds of cell death inhibitors together
with cisplatin to A549 and HCT116 cells, including caspase
inhibitor z-vad-fmk, necrosis inhibitor necrostatin-1, autophagy inhibitor chloroquine, ferroptosis specific inhibitor ferrostatin-1 and iron chelator deferoxamine. The results demonstrated that the cell death induced by cisplatin could be partially reversed by deferoxamine, ferrostatin-1, z-vad-fmk, and
the phenomena became more obvious when ferrostatin-1 and
z-vad-fmk were combined together (Fig. 1B). Thus, we thought that cisplatin induced cell death was a result from the joint
action of both ferroptosis and apoptosis. Besides, we investigated the appropriate concentration and action time for cisplatin and found out that ferroptosis were more obvious when
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Fig. 1. Cisplatin induced both apoptosis and ferroptosis on A549 and HCT116 cells. (A) A549, NCIH358, NCIH460, Calu-1,
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the concentration of cisplatin was higher than 5 µg/mL and
the treatment was longer than 48 hours (Fig. 1C).
2. Cisplatin induced ferroptosis with proofs from multiple
aspects
We further confirmed the occurrence of ferroptosis induced
by cisplatin through multiple aspects. Firstly, optical microscopy images showed the protection of ferrostatin-1 from cisplatin in A549 cells (Fig. 2A). Secondly, electronic structural
changes were observed. Mitochondrial changes are usually
observed in ferroptosis and considered as the primary distinguishing feature [6]. Consistent with observations from previous reports, an alternation in mitochondrial ultrastructure
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was observed in both cisplatin and erastin (using as a positive
control) treated HCT116 cells: mitochondria appeared on
average smaller, less tubular, darker-staining membranes with
distinct disrupted inner membrane foldings (Fig. 2B). Thirdly,
the necessity of iron was determined. Ferroptosis is defined as
a kind of iron-dependent cell death, so the involvement of iron
is a key feature in this process. Iron-responsive element binding protein 2 (IREB2) is a master regulator of iron metabolism;
silencing of IREB2 results in reciprocal changes in the iron
uptake, mechanism, storage, and the inhibition of erastin
induced ferroptosis [5,14,15]. We established siRNA-IREB2
(siIERB2) and transfected it into HCT116 cells. Results demonstrated that silencing IREB2 partially reversed the cytotoxicity
of cisplatin, indicating the involvement of iron in cisplatin
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induced cell death (Fig. 3A). Fourthly, different kinds of ferroptosis specific inhibitors were applied. As displayed in our
results, ferrostatin-1, deferoxamine and -mercaptoethanol all
showed suppressive effects on the anti-tumor effect of cisplatin (Fig. 3B). Fifthly, ROS levels were examined through
flow cytometry analysis. Cells exposed to cisplatin displayed
an obvious increase in ROS levels, and this phenomenon was
partially reversed by ferrostatin-1 (Fig. 3C). Taken together,
we concluded that ferroptosis was indeed involved in the
process of cisplatin induced cell death, and we expected this
new way of cell death could open up a new way for the utility
of cisplatin in clinic.

3. GSH-GPXs system involved in the underlying mechanism
of cisplatin induced ferroptosis
According to previous researches on ferroptosis, biomolecules like system Xc, GSH, GPXs and intracellular iron are
referred as key targets for ferroptosis regulators [16]. Erastin
is determined to inhibit the function of system Xc, leading to
the depletion of GSH and inactivation of GPX4, and finally
triggers ferroptosis [5,10,16]. Platinum compounds are proved
to have a high affinity to thiol-rich biomolecules, and GSH is
one of the most abundant non-protein thiols in cells; in cytoplasm, a major fraction (~60%) of the intra-cellular cisplatin is
conjugated with GSH to form the Pt-GS complex [17,18]. TakVOLUME 50 NUMBER 2 APRIL 2018
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ing consideration of this feature, we supposed that GSH and
GPXs were the most possible targets for cisplatin.
There, we treated A549 and HCT116 cells with either erastin
(using as a positive control) or cisplatin, and collected cells to
detect changes in GSH level and GPXs activity. Both erastin
and cisplatin significantly decreased GSH levels and GPXs
activities in the two kinds of cells; however, the inhibition of
GPXs in cells treated with cisplatin was not as strong as those
treated with erastin (Fig. 4). Previous data [10,16] suggested
that GPXs activity owned a more vital role in the process of
ferroptosis than GSH depletion, thus the weaker inhibition of
GPXs induced by cisplatin defined it as a less potent inducer
of ferroptosis.
It now appears that the ability of cisplatin to trigger ferroptosis is determined mainly by direct depletion of intracellular
GSH. There are eight isoforms of GPXs in humans with dif-

ferent tissue expression and substrate specificities, and GPX4
is proved to be a central regulator of ferroptosis induced by
erastin, which one plays the vital role in cisplatin induced ferroptosis worth further discussion.
4. Additive effect observed in combination therapy of cisplatin and erastin
After verifying the occurrence of ferroptosis in cisplatin
induced cell death, we investigated whether ferroptosis was
able to become a potent assistance to cisplatin’s lethality. A549
and HCT116 cells were exposed to cisplatin alone or cisplatin
together with erastin in different concentrations for 48 hours,
and we found that the toxicity to cells improved a lot when
the two drugs were combined together (Fig. 5A and B). The
combination coefficients of cisplatin and erastin were always
VOLUME 50 NUMBER 2 APRIL 2018
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more than 1.15 when both drugs were in lower concentrations,
which meant significant synergistic effect (Tables 1 and 2). In
the subsequent experiments, we found that this improvement
was significantly blocked by ferroptosis specific inhibitor ferrostatin-1, -mercaptoethanol, and caspase inhibitor z-vadfmk in A549 and HCT116 cells, indicating the joint action of
apoptosis and ferroptosis (Fig. 5C and D). Besides, elevated
ROS level was observed in combination therapy and it could
be significantly reversed by -mercaptoethanol (Fig. 5E). Our
data suggested that cisplatin together with erastin demonstrated better anti-tumor activity than any of them alone. Considering the completely different mechanism of ferroptosis,
combining erastin together with cisplatin could be a good
strategy to enhance the utility of cisplatin.
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Discussion
Ferroptotic death is morphologically, biochemically, and
genetically distinct from apoptosis, various forms of necrosis,
and autophagy [5]. The present work was initiated as an
attempt to understand whether this regulated nonapoptotic
cell death pathway could be an alternative cell death mechanism for those classic chemotherapeutic agents. Our observations, for the first time, demonstrated that cisplatin was an
inducer for both ferroptosis and apoptosis in A549 and
HCT116 cells, and the GSH depletion together with the
inactivation of GPXs played a vital role in the underlying
mechanism. Furthermore, combination therapy of cisplatin
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and erastin showed significant improvement on their antitumor activity.
Among various anti-cancer agents, cisplatin is one of the
most effective and widely used anti-cancer agents for the
treatment of solid tumors [19]. The cytotoxic effects of cisplatin are thought to be mediated primarily by the generation of nuclear DNA adducts, causing apoptosis [20].
Unfortunately, many cancers initially responds to cisplatin
but then the tumor come back and are frequently refractory
to further platinum therapy [21]. Resistance to cisplatin is
concluded occurring by the following molecular mechanisms: altered cellular accumulation of drug, altered DNA
repair and cytosolic inactivation of drug [22,23]. These mechanisms all affect on the cisplatin-induced apoptosis but don’t
influence cisplatin-induced ferroptosis. Herein, ferroptosis,

as a new mode of regulated cell death completely independent from apoptosis, might open up a new way to solve the
problem of tumor resistance to cisplatin. According to our
study, cisplatin combined ferroptosis inducer erastin together showed significant additive effect on their anti-tumor
activities, which was consistent with the results from Roh et
al. [24]. Both ferroptosis and apoptosis attributed to this
improvement. Thus, ferroptosis provided us with a chance
to change the old impression on cisplatin, and brought new
thoughts for the utility of cisplatin in clinic, even new strategies to solve the problem of tumor resistance.
Not all cancer cells are sensitive to ferroptosis inducers; in
order to get better use of this new way of cell death, investigations are carried out to find out what kind of cells are more
sensitive to ferroptosis. Some relationships between ferropVOLUME 50 NUMBER 2 APRIL 2018
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Table 1. Inhibition rate (IR) and combination coefficients of cisplatin and erastin on A549 cells
Cisplatin (µg/mL)
0
2
5
10

Erastin (µmol/L)
0

5

10

20

0
0.163
0.360
0.704

0.010 (
0.300 (1.744)
0.569 (1.554)
0.933 (1.321)

0.018 (
0.384 (2.145)
0.760 (2.046)
0.955 (1.347)

0.713 (
0.878 (1.155)
0.946 (1.158)
0.971 (1.061)

IR for different drug concentrations were listed in the table, and the values in parentheses were the corresponding combination coefficients [Q=IRA+B/(IRA+IRB–IRAIRB)].

Table 2. Inhibition rate (IR) and combination coefficients of cisplatin and erastin on HCT116 cells
Cisplatin (µg/mL)
0
2
5
10

Erastin (µmol/L)
0
0
0.001
0.488
0.794

5
0.001 (
0.136 (12.199)
0.587 (1.192)
0.956 (1.202)

10

20

0.033 (
0.243 (7.060)
0.634 (1.256)
0.967 (1.208)

0.201 (
0.373 (1.849)
0.613 (1.038)
0.970 (1.162)

IR for different drug concentrations were listed in the table, and the values in parentheses were the corresponding combination coefficients [Q=IRA+B/(IRA+IRB–IRAIRB)].
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tosis and cells’ genetic background are revealed, and RAS is
the most famous among all the reported genes [16]. Yang and
Stockwell [7] revealed that Ras mutation contributed to the
iron overload in cells and made them more sensitive to ferroptosis inducers. In clinic, activating mutations in the Ras
oncogenes are found in ~20% of all human tumors and
always associated with drug resistance, defining a subset of
patients for whom prognosis is poor and treatment options
are limited [25-28]. Thus, ferroptosis is regarded as a promising pharmacological target for Ras-mutant tumors.
However, sensitive cancer subtypes are still uncertain. Ras
mutation is not specific enough to be a symbol for ferroptosis. According to the profiles of erastin sensitivity for across
a panel of 117 cancer cell lines, cell lines with Ras mutation
are on average no more sensitive to ferroptosis-inducing
compounds than wild type cells [10]. This was also reflected
in our study. A549, HCT116, and Calu-1 used in our experiments were all K-Ras mutation cell lines, but ferroptosis was
only observed in A549 and HCT116 cells.
Besides, there was another controversy. In our study, we
didn’t observe ferroptosis in sulfasalazine treated tumor
cells, while Gout et al. [9] found sulfasalazine to be a potent
inhibitor for the cystine/glutamate antiporter system Xc and
Dixon et al. [5] demonstrated it to be an inducer for ferroptosis with lower potency than erastin. There were several
possible reasons: different experiment conditions like the
drug concentration and action time; or the method we used
was not sensitive enough to detect faint ferroptosis induced
by sulfasalazine; or the cell lines we chose were not as sensi-

tive to sulfasalazine as lymphoma cell lines.
Ferroptosis is a newly discovered mode of cell death,
although we are full of expectations for it, many questions
are waiting to be answered, more specific genotype symbols
or biomarkers for the occurence of ferroptosis, suitable drugs
and their usage, and other combination therapies should be
explored. There is still a long way to go before it eventually
applied to clinic.
In conclusion, the present study, for the first time, determined that cisplatin was an inducer for both ferroptosis and
apoptosis in A549 and HCT116 cells, and the GSH depletion
together with the inactivation of GPXs played vital roles in
the underlying mechanism. Further investigations showed
that combining cisplatin together with erastin gained a significant synergistic effect on their anti-tumor activity. Thus,
our results demonstrated that ferroptosis had a great potential of being a new approach in anti-tumor therapies and
opened up a new way for the utility of classic drugs.
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Molecular Signature for Lymphatic Invasion Associated with
Survival of Epithelial Ovarian Cancer

Purpose
We aimed to develop molecular classifier that can predict lymphatic invasion and their clinical significance in epithelial ovarian cancer (EOC) patients.
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Materials and Methods
We analyzed gene expression (mRNA, methylated DNA) in data from The Cancer Genome
Atlas. To identify molecular signatures for lymphatic invasion, we found differentially
expressed genes. The performance of classifier was validated by receiver operating characteristics analysis, logistic regression, linear discriminant analysis (LDA), and support vector
machine (SVM). We assessed prognostic role of classifier using random survival forest (RSF)
model and pathway deregulation score (PDS). For external validation, we analyzed microarray
data from 26 EOC samples of Samsung Medical Center and curatedOvarianData database.
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Results
We identified 21 mRNAs, and seven methylated DNAs from primary EOC tissues that predicted lymphatic invasion and created prognostic models. The classifier predicted lymphatic
invasion well, which was validated by logistic regression, LDA, and SVM algorithm (C-index
of 0.90, 0.71, and 0.74 for mRNA and C-index of 0.64, 0.68, and 0.69 for DNA methylation).
Using RSF model, incorporating molecular data with clinical variables improved prediction
of progression-free survival compared with using only clinical variables (p < 0.001 and
p=0.008). Similarly, PDS enabled us to classify patients into high-risk and low-risk group,
which resulted in survival difference in mRNA profiles (log-rank p-value=0.011). In external
validation, gene signature was well correlated with prediction of lymphatic invasion and
patients’ survival.
Conclusion
Molecular signature model predicting lymphatic invasion was well performed and also
associated with survival of EOC patients.

Introduction
Epithelial ovarian cancer (EOC) is one of the leading
causes of death in patients with gynecologic malignancy and
the incidence of EOC has been increasing gradually [1,2].
EOC presents at a late stage in most cases and is known to
have high pathological and molecular heterogeneity [3,4].
Although 75% of EOC patients achieve complete response
│ http://www.e-crt.org │

Key words
Gene expression signature, Ovarian neoplasm, Human genome,
Lymphatic metastasis

after primary debulking surgery and chemotherapy, 40%60% of all patients will eventually experience recurrence
[5-7]. Understanding the molecular biology and its pathogenesis is expected to present accurate prognosis predicting
indicators and improved therapeutic methods for EOC.
Lymphatic invasion is known as a predictor of the aggressiveness and affects the survival of patients with EOC [8].
Regarding lymphatic invasion in EOC, lymphadenectomy is
possibly associated with surgical morbidities [9,10] and
Copyright ⓒ 2018 by the Korean Cancer Association
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unnecessary procedure should be avoided. Recently, a lot of
effort was made to integrate molecular signatures for precise
prognosis; this helps classify patients into disparate risk
groups and may provide more personalized treatment [11].
However, information on predictors for lymphatic invasion
status in EOC patients is still lacking, and few molecular
prognostic classifiers are available.
The Cancer Genome Atlas (TCGA) offers considerable
opportunities to increase our knowledge of the molecular
foundation of cancer, and data at multiple molecular levels
have recently became available [12]. Data from DNA methylation at the epigenetic level, which plays an important role
in controlling gene activity, and from gene (mRNA) at the
level of the transcriptome are the most representative
datasets. As the cancer genome is rather complex and is
associated with numerous molecular mechanisms [13,14], a
single level of molecular data is insufficient to include all of
the information associated with the process. By integrating
multiple levels of molecular signatures for the layered
processes of the biological system, a more acceptable prediction of the cancer phenotype can be provided.
In this study, we aimed to find predictors based on molecular signatures related to lymphatic invasion in EOC and to
validate the prognostic significance of the signatures through
analysis of mRNA, and methylated DNA expression profiles
from the TCGA database.

Materials and Methods
1. Patients and data collection for the prediction model
Clinical information from TCGA Data Portal (https://tcgadata.nci.nih.gov/docs/publications/tcga/) and molecular
data including DNA methylation, and mRNA were obtained
before performing downstream analysis. Molecular data
were used from the following platforms: for DNA methylation, the platform was Illumina Infinium Human DNA
Methylation 27K (Illumina, San Diego, CA); for mRNA
expression, the platform was Illumina HiSeq 2000 RNA
Sequencing V2. This study meets the publication guidelines
provided by TCGA (http://cancergenome.nih.gov/publications/publicationguidelines). Tables 1 and 2 show the data
description of the multilevel genomic datasets for ovarian
cancer, and patients’ characteristics.
2. Selection of differentially expressed genes according to
lymphatic invasion
To identify differentially expressed genes (DEG) between
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lymphatic invasion (–) and lymphatic invasion (+) tumors,
level 3 pancancer-normalized expression levels were used.
Because many genes were not expressed in certain samples
or showed few variations between the patients in the dataset,
only genes expressed in at least two lymphatic invasions (–)
or lymphatic invasion (+) samples were retained in the profile. The differences in expression were featured by logFC
(log2 fold change) and associated p-values. LogFC designates
the fold change in expression of each gene from lymphatic
invasion (+) to lymphatic invasion (–). Downregulated and
upregulated genes were distinguished as logFC < –1 and
logFC > 1, respectively, with false discovery rate (FDR)adjusted p < 0.05. To identify a molecular signature that is
robustly associated with lymphatic invasion, we calculated
the median FDR, which is the percentage of falsely detected
genes as showing statistically significant DEG.
3. Molecular signature for lymphatic invasion
Logistic regression with backward elimination was
applied to develop a prognostic model for lymphatic invasion using the selected genes. We used selected features to
acquire a regression coefficient for each feature and to create
a model to assess the prognosis prediction score as follows:
prognostic score for mRNA=(2.3108+0.2983HTR3A–0.6302
PCP4–0.8574CAPN9–0.7095MASP1+1.3189CYP8B1–
0.4935GDF5+1.7850AOAH+1.7531ADORA3–0.4757
CLCNKB+0.7888EBI3+1.0577LILRB3+1.9022C16orf54+
0.5381PODNL1+2.7914DCN+0.5553USH2A+2.1488
FGD2–5.9784TNFAIP8L2–1.0032SP140–3.1931WISP1–
0.7937SH2D4B–1.9687RUNX1); and prognostic score for
methylation=(–0.8776+1.9637ITGBL1+2.7273CAPN9+
2.6450LOC84391–4.3617ACAP1–1.1581ADORA3–
4.4722FBN3+2.4902CD37). The performance of the model
was measured using receiver operating characteristics (ROC)
curves by comparing the area under the curve (AUC) of the
respective ROC.
4. Validation of prediction accuracy
Next, we compared the prediction efficiency of the logistic
regression model with that obtained using the Logitboost
model based on the same set of selected genes [15]. Internal
validation was done by a 200-fold cross-validation method
to distinguish the samples as lymphatic invasion (–) or lymphatic invasion (+). This method to risk classification used
the median index values acquired from 90% of the cases
(training set) to divide the residual 10% of the missed cases
(test set) according to this median estimate. All cases were
stratified after the entire process had been repeated 200
times, with a different 10% of cases omitted until each case
had been excluded.
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Table 1. Data description
Data type
Gene expression
Methylation

Platform

No. of features

HiSeqV2, Pancancer normalized
Infinium human methylation 27 BeadChip

20,530
27,578

Table 2. Patients’ characteristics of TCGA dataset
Characteristic
Age (yr)
FIGO stage
IIA
IIB
IIC
IIIA
IIIB
IIIC
IV
ECOG performance status
0
1
3
Grade
G1
G2
G3
GX
Residual disease after primary treatment
Not available
> 20 mm
11-20 mm
1-10 mm
No macroscopic disease

Lymphatic invasion (–)
(n=39)

Lymphatic invasion (+)
(n=70)

p-value

57 (51.5-61.5)

56.5 (49-65)

0.599

0(
1 (2.6)
3 (7.7)
4 (10.3)
4 (10.3)
25 (64.1)
2 (5.1)

1 (1.4)
1 (1.4)
6 (8.6)
0(
2 (2.9)
51 (72.9)
9 (12.9)

0.058

4 (44.4)
5 (55.6)
0(

13 (76.5)
3 (17.6)
1 (5.9)

0.122

0(
7 (17.9)
32 (82.1)
0(

1 (1.4)
5 (7.1)
63 (90.0)
1 (1.4)

0.267

4 (10.3)
4 (10.3)
1 (2.6)
15 (38.5)
15 (38.5)

6 (8.6)
14 (20.0)
30 (42.9)
5 (7.1)
15 (21.4)

0.265

Values are presented as median (range) or number (%). Lymphatic invasion refers to as peri-tumoral lymphatic invasion.
Residual disease after primary treatment was categorized by largest diameter described by surgeons in operation record.
TCGA, The Cancer Genome Atlas; FIGO, International Federation of Gynecology and Obstetrics; ECOG, Eastern Cancer
Oncology Group.

We further validated the classifier using two classification
algorithms: linear discriminant analysis (LDA) and support
vector machine (SVM). Both algorithms were repeated 100
times, and the accuracy was compared using the concordance index. Linear SVM classifier aims to find an optimal
hyperplane to separate the classes in the high-dimensional
gene space with the generalization ability maximized and
over-fitting avoided [16]. We used the weighted difference
of means of genes in the SVM decision function to evaluate
the relative importance of genes and eliminated unimportant

genes iteratively by a backward feature elimination process.
SVM-based predictions function well on small sample sets
in high-dimensional spaces [17].
5. Molecular signature of lymphatic invasion predicted survival of EOC patients
We gathered candidate features of molecular data and randomized the data set into training (80%) and test (20%) sets.
We then made the survival predictive models from the trainVOLUME 50 NUMBER 2 APRIL 2018
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Table 3. Characteristics of 26 serous ovarian cancer patients from Samsung Medical Center
Characteristic

Lymphatic invasion (–)
(n=11)

Lymphatic invasion (+)
(n=15)

p-value

50.2±8.1

53.5±12.1

0.433

9 (81.8)
2 (18.2)

11 (77.3)
4 (26.7)

0.971

1 (9.1)
4 (36.4)
6 (54.5)

0(
1 (6.7)
14 (93.3)

0.267

5 (45.5)
6 (54.5)

7 (46.7)
8 (53.3)

> 0.999

Age (yr)
FIGO stage
IIIC
IV
Grade
G1
G2
G3
Residual disease after primary treatment
Optimal (< 1 cm)
Suboptimal ( 1 cm)

Values are presented as mean±standard deviation or number (%). Lymphatic invasion refers to as peri-tumoral lymphatic
invasion. Residual disease after primary treatment was categorized by largest diameter described by surgeons in operation
record. FIGO, International Federation of Gynecology and Obstetrics.

ing set using random survival forest (RSF) [18]. The RSF
models were created by the R package “RandomSurvivalForest” with the recommended default reference values. We
then applied the models to the test set for prediction and
assess the C-index. For each core set, the process mentioned
above was reiterated 100 times to extract 100 C-index values.
In comparing the performance between different data types,
the results based on the Wilcoxon signed rank test to assess
the p-value using 0.05 as the significance cutoff were used.
To calculate the predictive power of incorporating molecular
signatures with clinical factors, we adjusted the RSF method
to contain both clinical variables (International Federation of
Gynecology and Obstetrics [FIGO] stage, grade, lymphatic
invasion, and residual disease status after primary treatment)
and molecular features. We used the lymphatic invasion as
the reference for creating the clinical RSF model. We then
combined the molecular-level signatures more appropriate
for the existing model by processing a feature-selection step
against the remainders.
In addition, we used Pathifier (http://www.weizmann.ac.il
/pathifier), an algorithm that calculates pathway deregulation scores (PDS) for each sample based on expression data
[19]. In brief, Hastie and Stuetzle’s algorithm [20] was used
to find a principle curve. Then, we project to the closest point
from each sample, and the deregulation score of sample is
defined as the distance along the curve. In this study, the reference set is composed of the sample without lymphatic
invasion. The distance provides a measure of the extent to
which the expression levels of the genes associated with lymphatic invasion were perturbed in each sample with lymphatic invasion. The algorithm transforms gene-level infor-
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mation into pathway-level information. Kaplan-Meier survival curves were drawn according to the PDS, and the logrank test p-values were calculated using the R package
“survival.”
For external validation of the result, we used additional
analysis of gene expression dataset from the study which we
previously published [21]. Twenty-six serous adenocarcinomas with stage IIIC/IV were used, and 14 patients had
recurrence within 6 months and the remaining 12 patients
had no recurrences. Patients’ characteristics are shown in
Table 3. For further validation of the selected genes, we used
a meta-analysis using gene expression data on tumors, with
carefully curated clinical annotations, which is available in
the curatedOvarianData database [22].
6. Statistical analysis
In each data set, we used Monte Carlo cross-validation and
calculated the predictive power of individual molecular data
types using the C-index [23]. The C-index is a nonparametric
indicator to quantify the differential power of a prediction
model: a C-index of 0.5 is considered as good as a random
guess. Progression-free survival (PFS) and overall survival
(OS) curves were created with the Kaplan-Meier method and
the log-rank test. We conducted all statistical analyses with
the R statistical language ver. 3.1.0.

E Sun Paik, Molecular Signature Improves Survival Prediction

Clinical information and molecular data
(mRNA, DNA, methylation) from TCGA data
Selection of differentially expressed genes
according to lymphatic invasion
Develop prognostic model using the selected genes
by logistic regression with backward elimination

(21 mRNAs, 7 methylated DNAs)

Internal validation
Prediction accuracy
Survival prediction
- Random survival forest model
- Logitboost
- Pathway deregulation scores
- Linear discriminant analysis
- Support vector machine
External validation
- Using microarray data of 26 serous ovarian cancer samples
- Meta-analysis using public gene expression data

Fig. 1. Flowchart of analysis. TCGA, The Cancer Genome Atlas.

Results
1. Identification of molecular signatures associated with
lymphatic invasion
Flowchart illustrating analysis is shown in Fig. 1. Analysis
of gene expression profiles with or without lymphatic invasion
identified several differentially expressed mRNAs (n=21), and
methylations (n=7), which were used for subsequent analysis
(S1 and S2 Tables). Of these, six mRNAs were overexpressed,
and 15 mRNAs were downregulated. For methylation, two
genes were overexpressed, and five genes were downregulated.
2. Validation of lymphatic invasion prediction using molecular signatures
The clustering of samples using selected genes correlated
well with lymphatic invasion status (Fig. 2). We performed
ROC analyses to extract the performance of the prediction
model. The average AUC value supports good performance
of the model. The AUC values for the mRNA, and methylation
models were 0.952 and 0.688, respectively (Fig. 3A and B). The
gene expression data showed the best performance for the
AUC of mRNA data compared with the other data sources

(methylation data). For predicting lymphatic invasion, logistic
regression, LDA, and SVM algorithm showed a high C-index
in mRNA and methylation (Fig. 3C, E, and F).
3. Prediction analysis of PFS and OS with molecular signatures
To test whether genomic data can supply more prognostic
power by combining with clinical factors, we created a RSF
model by incorporating the clinical factors with each type of
molecular signatures. Using a RSF model, our data showed
that genomic data predicted PFS better than clinical variables,
and the incorporated models showed significantly better predictive power for PFS compared to the clinical variable-only
models (Fig. 4A, p < 0.001 and Fig. 4B, p=0.008). However,
gene signature did not predict OS better than clinical variable
model (Fig. 4C and D).
In addition, the Pathifier algorithm (PDS) divided patients
into a high-risk and a low-risk group, which resulted in a statistically significant difference in OS with data for only mRNA
(p=0.011) (Fig. 5). The survival of patients according to lymphatic invasion did not show a statistically significant association with OS. However, patients with a higher PDS showed
better OS, indicating the prognostic significance of the molecular signature of lymphatic invasion. For PFS, the difference
according to PDS score was not significant (data not shown).
VOLUME 50 NUMBER 2 APRIL 2018

465

Cancer Res Treat. 2018;50(2):461-473

Color key and histogram
Count

150
100
50
0

–4

–2

0
Value

2

4

Lymphatic invasion(–)
Lymphatic invasion(+)

20-1684-01
36-1571-01
23-1111-01
24-1413-01
23-1122-01
61-1728-01
61-2109-01
10-0928-01
61-2088-01
36-1575-01
57-1583-01
59-2363-01
61-1738-01
09-1673-01
61-1910-01
61-2092-01
24-1467-01
57-1582-01
29-1696-01
09-0367-01
09-1666-01
36-1570-01
09-2045-01
10-0936-01
31-1950-01
24-1552-01
23-2081-01
61-1900-01
29-2425-01
09-2054-01
09-0369-01
09-2048-01
09-1674-01
04-1514-01
23-1809-01
04-1364-01
09-0364-01
61-1995-91
24-1423-01
61-1914-01
59-2355-01
24-1850-01
09-0366-01
20-1685-01
09-1670-01
23-1123-01
09-1669-01
09-2051-01
61-2016-01
09-2044-01
23-2077-01
23-1120-01
09-1667-01
24-2281-01
61-2008-02
04-1365-01
04-1348-01
29-1784-01
24-1924-01
57-1584-01
20-1687-01
31-1944-01
24-1846-01
61-1725-01
30-1718-01
24-2254-01
30-1862-01
36-1568-01
23-1027-01
61-1998-01
23-1023-01
09-1668-01
61-2113-01
61-2097-01
24-1847-01
31-1956-01
24-2026-01
24-2267-01
29-1699-01
09-2056-01
61-2000-01
61-2008-01
24-1842-01
24-1843-01
29-1785-01
61-1740-01
23-2084-01
24-2288-01
61-1733-01
30-1891-01
61-1721-01
29-1693-01
61-2009-01
61-1724-01
57-1993-01
31-1951-01
61-2012-01
09-1662-01
61-1736-01
24-2271-01
24-1427-01
20-1682-01
29-2428-01
30-1855-01
29-1701-01
31-1953-01
30-1860-01
24-2261-01

HTR3A
PODNL1
RUNX1
ADORA3
SP140
FGD2
LILRB3
C16orf54
AOAH
TNFAIP8L2
EBI3
DCN
WISP1
USH2A
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Fig. 2. Expression heat map of mRNAs included in the predictive model. Each column represents one patient and each row
represents an mRNA included in the model (n=21), sorted on the basis of the established prognostic index. The plot above
the heat map shows the specific risk score index for each sample. In the heatmap, green represents low expression and red
represents high expression.

4. External validation of classifier using microarray data of
26 ovarian cancer samples
Fig. 6A shows hierarchical clustering of gene expression
showing more frequent lymphatic invasion in cluster 1 (8/10)
than cluster 2 (7/16). LDA and SVM algorithm showed a high
C-index (median of 0.64 and 0.63, respectively) showing good
performance of predicting lymphatic invasion. Additionally,
we compared the prediction accuracy of magnetic resonance
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imaging (MRI) and molecular signature in our patient’s cohort
(Fig. 6B). Molecular signature alone was inferior to preoperative MRI. However, the combination of MRI and gene signature showed higher prediction of lymphatic invasion.
Using a RSF model, incorporating molecular data and clinical variables improved the prediction of PFS and OS compared to using only clinical variables (age, FIGO stage, grade,
residual disease status after primary debulking surgery, and
lymphatic invasion) (p=0.005 and p < 0.001, respectively)
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(Fig. 6C and D). Meta-analysis of the gene expression data
using curatedOvarianData database showed clinical significance of eight genes of 21 selected genes for OS (S3 Table and
S4 Fig.).

Discussion
Until recently, not many gene expression–related molecular markers predicting prognosis had been developed for
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clinical field, and none of the currently known molecular signatures are generally used in clinical setting for EOC. In this
study, we evaluated the prediction of lymphatic invasion
and survival based on different level of genetic data types
(mRNA and methylated DNA) for potential prognostic relevance and demonstrated the clinical use of large-volume
molecular data in EOC. Integrating molecular data statistically increased the model performance compared with the
clinical variable–only model.
The considerable effort for molecular characterization of
cancer has been made through TCGA [24]. The TCGA
research network presented number of papers on the analy-
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sis of gene expression and DNA methylation data for multiple cancers. By controlling and silencing gene expression
through the interaction of methylcytosine binding proteins
with other structural components of chromatin, DNA methylation contributes to cancer development [25]. mRNA also
has an impact on gene expression and thus may have prognostic significance.
Cancer is the result of various steps in the biological system from genome to proteome, and a single fold of biological
information may be insufficient for full explanation of tumor
behavior or its mechanisms [14]. In this study, we applied
analysis using multiple levels of molecular signatures (DNA
methylation and mRNA expression) to the prediction of lymphatic invasion in EOC. The key point in this study is the
increase in prognostic prediction by incorporating data from
genomic data sources. To the best of our knowledge, this
study is the first to assess the multiple molecular-based classifications of lymphatic invasion in EOC patients based on
analysis of genomic and clinical features. Predicting lymphatic invasion using molecular classifier will enable physicians to reduce unnecessary invasive procedures and
morbidity. In addition, molecular classifier also will be useful
to make accurate prediction of prognosis. Possibly, after validation of the molecular classifier, using (easily obtainable)
microarray and methylation chip could be applied to the clinical practice.
Lymphatic invasion is considered as a predictor of the

aggressiveness of EOC. Interestingly, molecular signatures
for lymphatic invasion was not significantly correlated with
survival, but model predicting lymphatic invasion showed
significant correlation with survival in our study. Possible
reason would be addition of clinical variables in multivariate
analysis during developing model. Also, degree of lymphatic
invasion had been considered to be determinants for OS [8]
which was not specifically classified by numbers for present
study. In this study, we found that although information
about the lymphatic invasion alone was not sufficient, it still
can affect the efficiency of prediction using gene expressions.
For additional information, we found model for survival outcome (S5 and S6 Figs.), but the genes selected for survival outcome were different from the genes selected for lymphatic
invasion. Also in meta-analysis of the gene expression data
using curatedOvarianData database, only eight genes of 21
selected genes were significant. Representatively, RUNX1 is
reported to be associated with female-related cancers as well
as involved in female sex development and a crucial mediator of female hormone signaling [26]. CCN4 is aberrantly
expressed in numerous cancer including ovarian cancer [27],
and its transcript levels are lower in node-positive highgrade tumors and in patients with poor clinical outcome for
breast cancer [28]. Low CAPN9 is associated with adverse
disease-specific survival following endocrine therapy in
breast cancer, and detection of ADORA3 was reported as a
potential target for antibody-based therapy in p53 mutated
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Fig. 6. Validation with microarray data from 26 ovarian cancer samples from Samsung Medical Center. (A) Hierarchical
clustering of gene expression according to lymphatic invasion. (Continued to the next page)

tumors [29]. However, as mentioned earlier, molecular signatures for lymphatic invasion was not significantly correlated with survival possibly due to different pathophysiology that influenced the survival of the patients for each
genes.
Our study has some limitations even though we offered
novel concepts in the translation of molecular data to clinical
practice. First, we used only data-mining process to creating
prognostic model. We may have skipped some important
clinical characteristics that could be distinguished by a previously known candidate gene. Second, engrafting multiple
types of molecular data is technically challenging because of
the problem with overfitting and extended co-linearity of
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large-volume biological data. Third, the clinical information
from patient samples may not be appropriately accurate
compared to information from large-scale clinical trials. Also,
there were differences in data analyzing methods between
internal and external cohort. For TCGA data analysis,
RNAseqV2was used, but for external cohort, microarray
(AffymetrixGeneChip Human Gene 1.0 ST oligonucleotide
arrays) was used. RNA sequencing is known to provide
increased specificity and sensitivity, enhanced detection of
differential expression compared to microarray method.
Inaccurate comparison may have been made. And lastly, the
required time for the coordinated analysis described in this
study is important for the clinical applications [30], which is
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expected evolve in near future. Thus, further investigations,
such as external validations with large-scale clinical trial–
level follow-up, are needed to validate our results.
In conclusion, our study showed that molecular signatures
(mRNA and methylated DNA) based on lymphatic invasion
improved prognostic stratification for EOC patients. Incorporating molecular data statistically increased the predictability compared with the model based only on the
clinical variable. The signatures require further investigation
to generate clinical-level prognostic analysis.
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Purpose
The purpose of this study was to determine whether light alcohol drinking increases the risk
of cancer by using a meta-analysis of cohort studies because the newly revised 2015
European Code against Cancer fourth edition on alcohol and cancer was based on critical
flaws in the interpretation and citation of the previous meta-analyses.
Materials and Methods
PubMed and EMBASE were searched in April, 2016. Two authors independently reviewed
and selected cohort studies on the association between very light ( 0.5 drink/day), light
( 1 drink/day), or moderate drinking (1-2 drinks/day) and the risk of cancer incidence and
mortality. A pooled relative risk with its 95% confidence interval was calculated by a randomeffects meta-analysis. Main outcome measures were cancer incidence and mortality.
Results
A total of 60 cohort studies from 135 articles were included in the final analysis. Very light
drinking or light drinking was not associated with the incidence of most cancers except for
female breast cancer in women and male colorectal cancer. Conversely, light drinking was
associated with a decreased incidence of both female and male lung cancer significantly
and both female and male thyroid cancer marginally significantly. Moderate drinking significantly increased the incidence of male colorectal cancer and female breast cancer, whereas
it decreased the incidence of both female and male hematologic malignancy.
Conclusion
We found that very light or light alcohol drinking was not associated with the risk of most of
the common cancers except for the mild increase in the incidence of breast cancer in
women and colorectal cancer in men.

Introduction
Alcohol is classified as Group 1 carcinogen by the International Agency for Research on Cancer (IARC), which category is used when there is sufficient evidence of carcinogenicity in humans [1]. However, it was usually excessive
alcohol drinking that was condemned for causing cancer,
and light or moderate alcohol consumption has been conceived as acceptable or even encouraged because of its
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known benefits in preventing cardiovascular diseases. Previously in 2003, the third edition of European Code against
Cancer (ECAC) recommended that “If you drink alcohol,
whether beer, wine or spirits, moderate your consumption
to two drinks per day if you are a man or one drink per day
if you are a woman." [2,3]. In 2015, the IARC published an
article involving the newly revised ECAC fourth edition on
alcohol drinking and cancer, which recommends “If you
drink alcohol of any type, limit your drinking. Not drinking
is better for cancer prevention." [4].
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Since the publication of the ECAC fourth edition, however,
Prof. Myung, the corresponding author of this paper claimed
in the letter to the editor that the new ECAC on alcohol
should be corrected because there were considerable critical
flaws in the interpretation and citation of the existing observational epidemiological studies and meta-analyses on the
association between light alcohol drinking ( 1 drink/day or
12.5 g/day) and the risk of cancer [5]. He criticized that the
authors of the ECAC fourth edition did not consider the difference in findings between case-control studies and cohort
studies: there was no significant association between light
alcohol drinking and the risk of oropharyngeal cancer and
colon cancer in the meta-analysis of cohort studies, whereas
light alcohol drinking increased the risk of oropharyngeal
cancer and colorectal cancer in the meta-analysis of case-control studies. Moreover, they incorrectly used the data for
“moderate drinking (2-3 drinks/day)” or just “drinking”
instead of “light drinking” in some analyses. Prof. Myung
also published another letter to the editor [6] criticizing
erroneous conclusions about the association between light
alcohol drinking and the risk of cancer in Bagnardi et al.’s
meta-analysis [7], which concluded that light alcohol drinking increased the risk of cancer of oropharynx, esophagus,
and female breast and consequently contributed to the newly
revised ECAC. Similarly, he pointed out that in Bagnardi et
al.'s meta-analysis [7], except for female breast cancer, the
meta-analysis of cohort studies did not show any significant
association between light alcohol drinking and the risk of
cancer of oropharynx, larynx, esophagus, colorectum, and
liver, whereas the meta-analysis of case-control studies
showed a significant positive association between light
drinking and cancer of oropharynx and esophagus [6]. In
summary, regarding the association between light alcohol
drinking and the risk of cancer, the previous meta-analysis
and the new ECAC fourth edition led to erroneous conclusions and incorrect recommendations due to the wrong interpretation and citations of the existing observational
epidemiological studies.
Thus, we performed a comprehensive meta-analysis of
cohort studies on this topic in order to investigate whether
or not very light or light alcohol drinking as well as moderate
alcohol drinking increased the risk of cancer.

Materials and Methods
1. Search strategy
We searched PubMed and EMBASE in March 31, 2016
using keywords “alcohol consumption,” “alcohol intake,”

“cancer,” and “cohort study." We also reviewed the bibliographies of relevant articles to find additional studies.
2. Selection criteria
We included prospective or retrospective cohort studies
reporting a multivariate adjusted relative risk (RR) with its
95% confidence interval (CI) for the association between light
alcohol drinking ( 1 drink/day) and/or moderate alcohol
drinking (1-2 drinks/day) and the risk of cancer. The current
analysis involved general healthy populations. Thus, we
excluded studies involving patients with underlying cancer
and populations at high risk for a specific cancer such as
patients with liver cirrhosis or hepatitis B virus carriers at
high risk for liver cancer and those with Barrett’s esophagus
at high risk for esophageal cancer. Also, we excluded (1)
studies that adjusted for only age and/or sex in the multivariate analysis, (2) studies that used 0-2 drinks/day as criteria for light alcohol drinking instead of 1-2 drinks/day, and
(3) studies that used 0.5 drink/day or more as a reference
value.
3. Selection of relevant studies
Two authors (Y.-J. Choi and J.-H. Lee) of the current study
independently selected relevant studies in the first screening
process. Any disagreements were solved by discussion and
in consult with a third author (S.-K. Myung). If data were
duplicated or shared in more than one article, we included
the more comprehensive or more recently published article
for the analysis.
4. Main analysis and subgroup analysis
We investigated the risk of each type of cancer in both
incidence and mortality according to different levels of alcohol drinking: very light drinking ( 0.5 drink/day), light
drinking ( 1 drink/day), and moderate drinking (1-2 drinks
/day). In general, one drink of alcohol corresponds to one
unit of alcohol (12.5 g) which is contained in one glass of beer
(355 mL), one glass of wine, and a single shot of hard liquor.
However, since a number of studies used up to 15 g/day as
1 drink/day, we accepted up to 15 g as 1 drink of alcohol.
The 7 drinks/wk, 105 g/wk, 30 drinks/mo, and 15 ounce/
mo were considered equivalent to 1 drink/day or light
drinking. Likewise, 3.5 drink/wk, 52.5 g/wk, 15 drinks/mo,
and 7.5 ounce/mo were considered as 0.5 drink/day or very
light drinking. Also, 15-30 g/day, 7-14 drinks/wk, 105-210
g/wk, 30-60 drinks/mo, and 15-30 ounce/mo were categorized to 1 to 2 drinks/day or moderate drinking. We chose
the upper limit of the range of drinking to categorize levels
of drinking: 5-15 g/day of drinking was considered as light
VOLUME 50 NUMBER 2 APRIL 2018
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Identified studies from the databases using the keywords (n=4,721):
PubMed (n=3,264) and EMBASE (n=1,457)
Excluded with duplicates (n=787)
Articles after excluded duplicates (n=3,934)
Excluded according to selection criteria (n=3,503)
Not relevant (n=3,211)
Review with or without meta-analysis (n=215)
Case-control study (n=16)
Cancer patients (n=34)
Heavy alcohol patients (n=27)
Articles reviewed including the full text (n=431)
The bibliographies of relevant articles added (n=65)
Excluded articles (n=357)
Shared an identical population (n=27)
Insufficient data (n=90)
Studies with no available data for outcome measures (n=53)
Review or meta-analysis (n=18)
Case-studies or other study designs (n=23)
Not relevant (n=146)
60 Cohort studies included in the final analysis from 135 articles

Fig. 1. Flow diagram of identification of relevant studies.

drinking; if the upper limit exceeded 15 g/day, then it was
categorized as moderate drinking. We performed the subgroup meta-analysis by type of cancer and gender.
5. Assessment of methodological quality of included studies
The methodological quality of the included studies was
based on the Newcastle-Ottawa Scale (NOS) [8]. This scale
has a star system (range, 0 to 9 stars) for the assessment. Standard criteria for high quality have not been established.
Regarding outcome assessment, a star was given for a follow-up period of  5 years and a follow-up rate of  90%.
6. Statistical analysis
We used the adjusted RR with its 95% CI in order to compute a pooled RR with its 95% CI. Heterogeneity was
assessed by Higgins I2, which is the percentage of total variation across the studies as follows:
I2= 100%(Q-df)/Q,
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where df refers to degrees of freedom, and Q refers to
Cochran's heterogeneity statistics [9]. An I2 value lies between 0% (no observed heterogeneity) and 100% (maximal
heterogeneity). In general, an I2 greater than 50% is considered to have substantial heterogeneity. We used a randomeffects model meta-analysis based on the DerSimonian and
Laird method because most cohort studies were conducted
in the different populations [10,11]. A STATA ver. 13.1 software (StataCorp LP, College Station, TX) was used for statistical analysis.

Results
1. Selection of relevant studies
Fig. 1 shows a flow diagram of how we selected relevant
studies. We identified a total of 4,721 articles consisting of
3,264 articles from PubMed and 1,457 articles from EMBASE.
We excluded 787 duplicate articles and 3,503 articles that did
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Table 1. Number of articles and studies by organ site and country among 135 articles and 60 cohort studies
Category

Incidence
No. of articles

Site of cancer
Upper digestive tract
Oral and pharynx
Esophagus (SCC)
Esophagus (ADC) and cardia
Head and neck
Gastrointestinal tract
Stomach (non-cardia)
Colorectum
Colon
Rectum
Hepatobiliary system
Liver
Pancreas
Gallbladder
Respiratory tract
Lung
Larynx
Women's cancer
Breast (female)
Endometrium
Ovary
Cervix/Uterus
Men's cancer
Prostate
Urological system
Kidney
Bladder
Others
Thyroid
Hematologic malignancy
Malignant melanoma
Country
Asia
China
Japan
Korea
Singapore
Honk Kong
North America
US
Canada

Mortality

No. of studies

No. of articles

No. of studies

5
2
3
2

5
2
3
2

2
5
NA
NA

2
4
NA
NA

11
16
10
9

9
16
10
9

2
6
NA

2
5
NA

2
5
NA

2
5
NA

2
4
1

2
4
1

10
1

10
1

6
1

5
1

34
9
5
2

27
9
5
2

7
NA
NA
1

7
NA
NA
1

15

14

4

4

7
4

7
4

1
NA

1
NA

6
8
3

6
8
3

NA
2
NA

NA
2
NA

3
5
3
3
NA

2
4
2
1
NA

NA
2
1
NA
1

NA
2
1
NA
1

70
4

28
2

9
1

9
1

(Continued to the next page)

not meet the selection criteria after reviewing 3,934 articles
based on titles and abstracts. After reviewing the full text of
the remaining 431 articles along with additional 65 articles
newly located from relevant bibliographies, 361 articles were

excluded because of studies sharing an identical population
(n=27), insufficient data (n=94), studies with no available data
for outcome measures (n=53), review or meta-analysis (n=18),
case-studies or other study designs (n=23), and no relevant
VOLUME 50 NUMBER 2 APRIL 2018
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Table 1. Continued
Category

Incidence
No. of articles

Europe
UK
Sweden
Norway
Netherland
Lithuania
France
Finland
European countries
Denmark

Mortality

No. of studies

5
6
1
10
2
2
1
1
5

5
3
1
3
2
2
1
1
3

No. of articles

No. of studies

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

SCC, squamous cell carcinoma; ADC, adenocarcinoma; NA, not available.

studies (n=146). From a total of 135 articles, 60 cohort studies
were included in the final analysis (references of 135 articles
are presented in Supplementary Material).

4. Very light alcohol drinking and the risk of cancer

2. Characteristics of studies included in the final analysis

Table 2 shows the associations between cancer incidence
and very light, light, and moderate alcohol drinking. Overall
very light drinking ( 0.5 drink/day) was not associated with
the incidence of most cancers. However, very light drinking
was significantly associated with a decreased incidence of both
female and male lung cancer (RR, 0.89; 95% CI, 0.84 to 0.93;
I2=6.9%; n=3), female lung cancer (RR, 0.82; 95% CI, 0.70 to
0.95; I2=12.9%; n=2), whereas it increased the incidence of
female breast cancer (RR, 1.04; 95% CI, 1.01 to 1.07; I2=3.7%;
n=20). There was no significant association between very light
drinking and the incidence of head and neck cancer,
esophageal cancer, stomach cancer, colorectal cancer, pancreatic cancer, endometrial cancer, ovary cancer, prostate cancer,
kidney cancer, bladder cancer, thyroid cancer, and hematologic malignancy.

All the 60 cohort studies included in the final analysis
involved a total of 9,428,076 participants (5,478,133 women
and 3,949,943 men). As an outcome measure, all studies
reported cancer incidence, and 14 studies reported cancer mortality. The number of studies according to cancer organ site
were as follows (incidence, mortality): oral cavity and oropharynx (n=5, n=2), esophagus (squamous cell carcinoma)
(n=2), esophagus (adenocarcinoma) and cardia (n=3), stomach
(n=9, n=2), colorectum (n=16, n=5), liver (n=2, n=2), pancreas
(n=5, n=4), lung cancer (n=10, n=5), female breast (n=27, n=7),
endometrium (n=9), ovary (n=5), prostate (n=14, n=4), kidney
(n=7, n=1), bladder (n=4), hematologic malignancies (n=8,
n=2), and skin (malignant melanoma) (n=3) (Table 1).
Studies were conducted in North America (n=30, n=10),
Europe (n=21), and Asia (n=9, n=4) (Table 1). General characteristics of the studies included in the final analysis by cancer
incidence and mortality are presented in S1 and S2 Tables.
3. Methodological quality of studies
S3 and S4 Tables show the methodological quality of the
studies included in the analysis. The range of scores was 5 to
9 for cancer incidence and 6-8 for cancer mortality. The mean
score was 6.8 for cancer incidence studies (n=121) and 6.9 for
cancer mortality studies (n=14).
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1) Incidence

2) Mortality
Table 3 shows the associations between cancer mortality and
very light, light, and moderate alcohol drinking. Very light
drinking reduced the mortality of both female and male lung
cancer (RR, 0.81; 95% CI, 0.69 to 0.94; I2=0.0%; n=2), female
lung cancer (RR, 0.70; 95% CI, 0.56 to 0.89; n=1) and female
breast cancer (RR, 0.79; 95% CI, 0.64 to 0.97; I2=0.0%; n=2).
There was no significant association between very light drinking and the mortality of colorectal cancer, gallbladder cancer,
prostate cancer, and hematologic malignancy.

11

16

10

9

Stomach, non-cardia

Colorectum

Colon

Rectum

(Continued to the next page)

5

3

Esophagus (ADC) and cardia

Pancreas

2

Esophagus (SCC)

2

1

Larynx

Liver

2
5

of studies

Head and neck
Oral and pharynx

Site of cancer

Total No.

Women/Men
Women/Men
Women
Men
Women/Men
Women
Men
Women/Men
Women
Men
Women/Men
Women
Men
Women/Men
Women
Men
Women/Men
Women
Men
Women/Men
Women
Men
Women/Men
Women
Men
Women/Men
Women
Men
Women/Men
Women
Men

Population

1
0
0
0
0
0
0
1
0
0
1
0
0
3
1
2
6
2
3
2
0
1
2
0
0
0
0
0
4
0
2

No. of
studies
1.11 (0.75-1.65)
NA
NA
NA
NA
NA
NA
0.85 (0.42-1.73)
NA
NA
1.17 (0.69-1.98)
NA
NA
1.00 (0.78-1.30)
1.11 (0.71-1.73)
1.04 (0.66-1.64)
1.10 (0.94-1.28)
0.92 (0.78-1.08)
1.31 (0.92-1.86)
0.91 (0.55-1.49)
NA
1.42 (0.83-2.45)
1.47 (0.95-2.29)
NA
NA
NA
NA
NA
1.06 (0.87-1.30)
NA
1.25 (0.90-1.74)

RR
(95% CI)

Very light drinking
( 0.5 drink/day)

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0.0
NA
0.0
39.7
0.0
47.3
79.4
NA
NA
0.0
NA
NA
NA
NA
NA
0.0
NA
0.0

I2 (%)
2
4
3
1
0
1
0
2
0
1
3
0
0
7
0
2
14
7
6
11
5
5
10
4
3
2
1
0
3
0
1

No. of
studies

Table 2. Association between very light, light, and moderate alcohol drinking and cancer incidence

1.00 (0.75-1.33)
0.96 (0.84-1.11)
0.95 (0.75-1.19)
0.89 (0.79-1.00)
NA
1.13 (0.75-1.70)
NA
1.45 (0.90-2.33)
NA
1.22 (0.62-2.44)
0.83 (0.52-1.33)
NA
NA
1.00 (0.95-1.07)
NA
1.01 (0.92-1.11)
1.04 (1.01-1.06)
1.02 (0.98-1.06)
1.06 (1.01-1.11)
0.99 (0.93-1.05)
1.12 (0.90-1.40)
1.02 (0.87-1.21)
1.04 (0.96-1.12)
1.02 (0.93-1.11)
1.07 (0.69-1.64)
0.95 (0.76-1.20)
0.94 (0.72-1.21)
NA
1.02 (0.83-1.26)
NA
1.39 (0.75-2.56)

RR
(95% CI)

Light drinking
( 1 drink/day)

0.0
68.9
77.6
NA
NA
NA
NA
0.0
NA
NA
44.5
NA
NA
0.0
NA
0.0
0.0
0.0
0.0
1.4
60.4
0.0
0.5
0.0
0.0
0.0
NA
NA
6.3
NA
NA

I2 (%)
2
3
3
2
0
1
0
2
0
1
3
0
0
6
0
2
10
5
6
6
5
5
7
3
2
2
1
0
3
1
1

No. of
studies
1.18 (0.67-2.07)
1.12 (1.01-1.24)
1.18 (1.05-1.33)
1.04 (0.93-1.17)
NA
1.74 (1.25-2.41)
NA
1.98 (1.25-3.14)
NA
1.87 (0.99-3.53)
0.81 (0.56-1.17)
NA
NA
0.91 (0.78-1.06)
NA
0.91 (0.68-1.20)
1.10 (1.03-1.19)
1.04 (0.95-1.13)
1.19 (1.06-1.35)
1.01 (0.88-1.15)
1.03 (0.91-1.17)
1.08 (0.89-1.31)
1.03 (0.94-1.12)
0.99 (0.90-1.09)
1.35 (0.77-2.35)
1.26 (1.00-1.58)
1.20 (0.93-1.55)
NA
1.03 (0.86-1.23)
1.01 (0.53-1.91)
1.24 (0.66-2.32)

RR
(95% CI)

Moderate drinking
(1-2 drinks/day)

63.8
19.5
0.0
0.0
NA
NA
NA
0.0
NA
NA
0.0
NA
NA
0.0
NA
0.0
41.0
4.4
10.6
43.3
28.4
0.0
0.0
0.0
0.0
0.0
NA
NA
0.0
NA
NA

I2 (%)
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34
9
5
2
15
7

4

6

8

3

Breast (female)
Endometrium
Ovary
Cervix and uterus
Prostate
Kidney

Bladder

Thyroid

Hematologic malignancy

Malignant melanoma

Women/Men
Women
Men
Women
Women
Women
Women
Men
Women/Men
Women
Men
Women/Men
Women
Men
Women/Men
Women
Men
Women/Men
Women
Men
Women/Men
Women
Men

Population

3
2
1
20
6
2
NA
3
2
1
NA
2
0
0
1
0
0
3
1
0
0
0
0

No. of
studies
0.89 (0.84-0.93)
0.82 (0.70-0.95)
0.86 (0.71-1.03)
1.04 (1.01-1.07)
0.95 (0.80-1.12)
1.00 (0.82-1.22)
NA
1.16 (0.94-1.44)
0.73 (0.50-1.08)
0.75 (0.45-1.29)
NA
1.22 (0.82-1.82)
NA
NA
1.01 (0.76-1.36)
NA
NA
1.05 (0.87-1.26)
1.16 (0.88-1.54)
NA
NA
NA
NA

RR
(95% CI)

Very light drinking
( 0.5 drink/day)

6.9
12.9
NA
3.7
52.1
0.0
NA
0.0
0.0
NA
NA
27.5
NA
NA
NA
NA
NA
15.1
NA
NA
NA
NA
NA

I2 (%)
10
4
3
25
7
5
2
13
7
2
3
5
1
1
6
5
1
6
4
2
3
2
0

No. of
studies
0.91 (0.90-0.94)
0.90 (0.87-0.94)
0.91 (0.90-0.95)
1.09 (1.06-1.12)
0.98 (0.93-1.03)
1.02 (0.88-1.20)
1.02 (0.88-1.19)
1.04 (0.97-1.11)
0.90 (0.81-1.00)
0.79 (0.41-1.50)
0.90 (0.78-1.03)
1.09 (0.97-1.23)
1.05 (0.92-1.21)
1.31 (0.80-2.13)
0.89 (0.79-1.00)
0.89 (0.78-1.01)
0.62 (0.25-1.54)
0.98 (0.91-1.05)
0.99 (0.93-1.06)
0.98 (0.81-1.19)
1.44 (1.18-1.76)
1.32 (0.97-1.79)
NA

RR
(95% CI)

Light drinking
( 1 drink/day)

RR, relative risk; CI, confidence interval; NA, not applicable; SCC, squamous cell carcinoma; ADC, adenocarcinoma.

10

of studies

Total No.

Lung

Site of cancer

Table 2. Continued

0.0
0.0
0.0
32.8
0.0
52.4
0.0
50.0
0.0
66.9
0.0
0.0
NA
NA
0.0
0.0
NA
41.4
0.0
54.2
0.0
0.0
NA

I2 (%)
8
4
4
15
4
4
2
3
3
1
1
4
1
0
3
2
1
6
3
2
2
1
1

No. of
studies

0.98 (0.91-1.07)
1.05 (0.99-1.11)
0.98 (0.82-1.16)
1.13 (1.11-1.15)
0.93 (0.84-1.04)
1.20 (0.92-1.56)
0.99 (0.83-1.17)
1.04 (0.96-1.11)
0.93 (0.86-1.00)
0.93 (0.80-0.94)
0.94 (0.64-1.03)
1.06 (0.77-1.47)
0.91 (0.77-1.07)
NA
0.68 (0.56-0.84)
0.67 (0.53-0.85)
0.69 (0.40-1.20)
0.89 (0.81-0.99)
0.91 (0.81-1.02)
0.90 (0.78-1.04)
1.77 (1.35-2.33)
1.70 (0.90-3.10)
0.90 (0.20-3.00)

RR
(95% CI)

Moderate drinking
(1-2 drinks/day)

50.0
0.0
52.1
0.0
6.8
66.6
0.0
0.0
0.0
NA
NA
64.2
NA
NA
0.0
0.0
NA
52.3
0.0
0.0
0.0
NA
NA

I2 (%)
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1

2

6

2

1

4

5

Larynx

Stomach

Colorectum

Liver

Gallbladder

Pancreas

Lung
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7
1
4
1

4

Esophagus

Breast
Cervix/Uterus
Prostate
Kidney

2

of studies

Oral and pharynx

Site of cancer

Total No.

Women/Men
Women
Men
Women/Men
Women
Men
Women/Men
Women
Men
Women/Men
Women
Men
Women/Men
Women
Men
Women/Men
Women
Men
Women/Men
Women
Men
Women/Men
Women
Men
Women/Men
Women
Men
Women
Women
Men
Women/Men
Women
Men

Population

0
0
0
0
0
0
0
0
0
0
0
0
2
1
2
0
0
0
0
1
0
0
0
1
2
1
2
2
0
2
0
0
0

No. of
studies
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0.88 (0.70-1.12)
0.74 (0.53-1.03)
1.06 (0.72-1.55)
NA
NA
NA
NA
1.49 (0.59-3.74)
NA
NA
NA
0.52 (0.23-1.15)
0.81 (0.69-0.94)
0.70 (0.56-0.89)
0.84 (0.68-1.03)
0.79 (0.64-0.97)
NA
0.92 (0.68-1.25)
NA
NA
NA

RR
(95% CI)

Very light drinking
( 0.5 drink/day)

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0.0
NA
0.0
NA
NA
NA
NA
NA
NA
NA
NA
NA
0.0
NA
0.0
0.0
NA
0.0
NA
NA
NA

I2 (%)
0
0
2
0
0
4
0
0
1
3
1
2
6
4
5
2
2
2
0
1
0
4
1
3
6
3
5
6
1
1
0
0
1

No. of
studies

Table 3. Association between very light, light, and moderate alcohol drinking and cancer mortality

NA
NA
0.71 (0.24-2.16)
NA
NA
1.17 (0.98-1.39)
NA
NA
1.31 (0.60-2.85)
0.81 (0.58-1.12)
0.65 (0.44-0.98)
0.95 (0.83-1.10)
0.97 (0.83-1.14)
0.79 (0.58-1.06)
1.11 (0.95-1.28)
0.92 (0.81-1.04)
0.78 (0.48-1.25)
0.93 (0.81-1.06)
NA
1.14 (0.28-4.70)
NA
0.93 (0.78-1.11)
0.66 (0.35-1.23)
1.01 (0.55-1.85)
0.90 (0.79-1.04)
1.03 (0.80-1.31)
0.79 (0.70-0.87)
1.06 (0.97-1.16)
1.09 (0.50-2.35)
1.14 (0.85-1.52)
NA
NA
0.63 (0.35-1.12)

RR
(95% CI)

Light drinking
( 1 drink/day)

NA
NA
72.0
NA
NA
0.0
NA
NA
NA
49.5
NA
0.0
32.6
26.3
0.0
0.0
0.0
0.0
NA
NA
NA
22.0
NA
55.8
49.3
43.1
0.0
31.5
NA
0.0
NA
NA
NA

I2 (%)
0
0
1
0
0
2
0
0
1
2
1
1
2
1
1
2
1
2
0
0
0
1
1
1
0
1
1
2
1
1
0
0
1

No. of
studies
NA
NA
0.75 (0.27-2.06)
NA
NA
1.46 (0.93-2.16)
NA
NA
0.87 (0.32-2.35)
1.11 (0.79-1.56)
1.48 (0.85-2.57)
1.00 (0.85-1.18)
1.55 (0.67-3.58)
2.51 (1.31-4.82)
1.06 (0.80-1.40)
1.00 (0.88-1.14)
1.80 (0.90-1.10)
0.98 (0.91-1.07)
NA
NA
NA
0.95 (0.72-1.27)
0.50 (0.12-2.05)
0.98 (0.73-1.31)
NA
0.94 (0.45-1.94)
0.78 (0.68-0.90)
1.04 (1.01-1.07)
1.10 (0.25-4.79)
1.75 (0.72-4.22)
NA
NA
0.46 (0.23-0.93)

RR
(95% CI)

Moderate drinking
(1-2 drinks/day)

NA
NA
NA
NA
NA
0.0
NA
NA
NA
43.6
NA
NA
82.4
NA
NA
37.7
NA
0.0
NA
NA
NA
0.0
NA
NA
NA
NA
NA
0.0
NA
NA
NA
NA
NA

I2 (%)
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482

NA
NA
NA
1.00 (0.63-1.60)
NA
1.00 (0.63-1.60)

As shown in Table 2, similar to the findings of very light
alcohol drinking, overall light drinking ( 1 drink/day) was
not associated with the incidence of most cancers. However,
light drinking was significantly associated with a decreased
incidence of both female and male lung cancer (RR, 0.91; 95%
CI, 0.90 to 0.94; I2=0.0%; n=10), male lung cancer (RR, 0.91; 95%
CI, 0.90 to 0.95; I2=0.0%; n=3), and female lung cancer (RR, 0.90;
95% CI, 0.87 to 0.94; I2=0.0%; n=4), whereas it increased the
incidence of female breast cancer (RR, 1.09; 95% CI, 1.06 to
1.12; I2=32.8%; n=25) (Fig. 2), both female and male colorectal
cancer (RR, 1.04; 95% CI, 1.01 to 1.06; I2=0.0; n=14), male colorectal cancer (RR, 1.06; 95% CI, 1.01 to 1.11; I2=0.0%; n=6)
(Fig. 3), and both female and male malignant melanoma (RR,
1.44; 95% CI, 1.18 to 1.76; I2=0.0%; n=3). In the subgroup metaanalysis by type of male colorectal cancer, light drinking was
not associated with the incidence of either colon cancer (RR,
1.02; 95% CI, 0.87 to 1.21; I2=0.0%; n=5) or rectal cancer (RR,
1.07; 95% CI, 0.69 to 1.64; I2=0.0%; n=3). Also, light drinking
was marginally associated with a decreased incidence of both
female and male thyroid cancer (RR, 0.89; 95% CI, 0.79 to 1.00;
I2=0.0%; n=6). There was no significant association between
light drinking and the incidence of oropharyngeal cancer,
head and neck cancer, esophageal cancer, stomach cancer,
liver cancer, pancreatic cancer, endometrial cancer, ovary cancer, prostate cancer, kidney cancer, bladder cancer, and hematologic malignancy.

55.6
NA
1.9
1.24 (0.40-3.86)
3.26 (0.79-13.48)
0.80 (0.54-1.18)
NA
NA
NA

2
1
3

2) Mortality
RR, relative risk; CI, confidence interval; NA, not applicable.

Hematologic malignancy

2

Women/Men
Women
Men

0
0
1

NA
NA
0.87 (0.49-1.53)
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1) Incidence

1
0
1

I2 (%)
RR
(95% CI)
No. of
studies
RR
(95% CI)
I2 (%)
RR
(95% CI)
No. of
studies
of studies

Site of cancer

Table 3. Continued

Total No.

Population

Very light drinking
( 0.5 drink/day)

No. of
studies

Light drinking
( 1 drink/day)

I2 (%)

Moderate drinking
(1-2 drinks/day)

5. Light alcohol drinking and the risk of cancer

As shown in Table 3, light drinking reduced the mortality
of female stomach cancer (RR, 0.65; 95% CI, 0.44 to 0.98; n=1)
and male lung cancer (RR, 0.79; 95% CI, 0.70 to 0.87; I2=0.0%;
n=5). There was no significant association between light drinking and the mortality of oropharyngeal cancer, esophageal
cancer, larynx cancer, colorectal cancer, liver cancer, female
gallbladder cancer, pancreatic cancer, breast cancer, cervical
cancer, prostate cancer, and hematologic malignancy.
6. Moderate alcohol drinking and the risk of cancer
1) Incidence
As shown in Table 2, moderate drinking (1-2 drinks/day)
increased the incidence of both female and male oropharyngeal cancer (RR, 1.12; 95% CI, 1.01 to 1.24; I2=19.5%; n=3),
female oropharyngeal cancer (RR, 1.18; 95% CI, 1.05 to 1.33;
I2=0.0%; n=3), female larynx cancer (RR, 1.74; 95% CI, 1.25 to
2.41; n=1), both female and male squamous cell esophageal
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RR (95% CI)
1.08 (0.64-1.82)
1.25 (0.93-1.68)
1.29 (0.89-1.85)
0.70 (0.50-1.10)
1.20 (1.00-1.40)
1.35 (1.11-1.64)
1.08 (0.88-1.33)
1.10 (0.94-1.29)
1.10 (1.04-1.16)
0.97 (0.88-1.08)
1.14 (0.92-1.40)
0.98 (0.86-1.13)
1.08 (1.05-1.10)
1.04 (0.93-1.16)
1.12 (0.91-1.36)
1.15 (1.06-1.26)
1.21 (0.71-2.08)
1.11 (0.94-1.32)
1.26 (1.07-1.49)
1.21 (1.00-1.45)
1.28 (0.82-2.00)
1.05 (1.03-1.08)
1.10 (1.00-1.20)
1.16 (0.99-1.36)
0.49 (0.15-1.56)
1.09 (1.06-1.12)

1991 Simon [12]
1992 Gapstur [13]
1995 van den Brandt [14]
1999 Zhang [15]
2001 Feigelson [16]
2004 Dumeaux [17]
2004 Horn-Ross [18]
2005 Suzuki [19]
2006 Mellemkjaer [20]
2007 Tjonneland [21]
2007 Zhang [22]
2008 Kabat [23]
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Fig. 2. Association between light alcohol drinking ( 1 drink/day) and the risk of female breast cancer in a random-effects
meta-analysis. RR, relative risk; CI, confidence interval.
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Fig. 3. Association between light alcohol drinking ( 1 drink/day) and the risk of male colorectal cancer in a random-effects
meta-analysis. RR, relative risk; CI, confidence interval.
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cancer (RR, 1.98; 95% CI, 1.25 to 3.14; I2=0.0%; n=2), both
female and male colorectal cancer (RR, 1.10; 95% CI, 1.03 to
1.19; I2=41.0%; n=6), male colorectal cancer (RR, 1.19; 95% CI,
1.06 to 1.35; I2=10.6%; n=6), female breast cancer (RR, 1.13; 95%
CI, 1.11 to 1.15; I2=0%; n=15), and both female and male
malignant melanoma (RR, 1.77; 95% CI, 1.35 to 2.33; I2=0.0%;
n=2). Also, it was marginally significantly associated with an
increased incidence of female and male liver cancer (RR, 1.26;
95% CI, 1.00 to 1.58; I2=0.0%; n=2). On the contrary, moderate
drinking reduced the incidence of both female and male kidney cancer (RR, 0.93; 95% CI, 0.86 to 1.00; I2=0.0%; n=3), female
kidney cancer (RR, 0.93; 95% CI, 0.80 to 0.94; n=1), both female
and male thyroid cancer (RR, 0.68; 95% CI, 0.56 to 0.84;
I2=0.0%; n=3), female thyroid cancer (RR, 0.67; 95% CI, 0.53 to
0.85; I2=0.0%; n=2), and both female and male hematologic
malignancy (RR, 0.89; 95% CI, 0.81 to 0.99; I2=52.3%; n=6).
There was no significant association between moderate drinking and the incidence of head and neck cancer, adenomatous
esophageal cancer and cardia, stomach cancer, pancreatic cancer, lung cancer, endometrial cancer, ovary cancer, prostate
cancer, and bladder cancer.
2) Mortality
As shown in Table 3, overall moderate drinking was not
associated with the mortality of most cancers. However, it
increased the mortality of female colorectal cancer (RR, 2.51;
95% CI, 1.31 to 4.82; n=1) and female breast cancer (RR, 1.04;
95% CI, 1.01 to 1.07; I2=0.0%; n=2), while it reduced the mortality of male kidney cancer (RR, 0.46; 95% CI, 0.23 to 0.93;
n=1).

Discussion
1. Principal findings
In the current large scale meta-analysis of cohort studies,
we found that compared with nondrinking or occasional alcohol drinking, very light ( 0.5 drink/day) or light ( 1
drink/day did not increase the incidence of most cancers
except for female breast cancer and male colorectal cancer by
up to 9% and 6%, respectively. Conversely, light drinking
was associated with a decreased incidence of both female
and male lung cancer significantly and both female and male
thyroid cancer marginally significantly. In the meantime,
moderate drinking, i.e., 1 to 2 drink/day significantly
increased the incidence of two types of cancer, male colorectal cancer and female breast cancer, whereas it decreased the
incidence of both female and male hematologic malignancy.
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Also, there is a limitation to draw definite conclusions on the
associations between very light or light drinking and the risk
of several types of cancer such as lung cancer, malignant
melanoma, and rectal cancer in incidence along with those
associations in mortality and the associations between moderate drinking and the risk of most cancers except for male
colorectal cancer, female breast cancer, and hematologic
malignancy in both incidence and mortality because of a
paucity of the included studies.
2. Comparison with previous findings
Our conclusion on the association between light drinking
and the risk of cancer are inconsistent with those from a previous large scale meta-analysis of observational epidemiological studies. Bagnardi et al.’s meta-analysis [7] of 222
articles which included case-control studies and cohort studies published before December 2010 concluded that light
drinking (1 drink/day) increased the risk of cancer of oral
cavity, pharynx, esophagus, and female breast [6]. As mentioned before in the introduction section, however, they did
not consider the difference in findings between case-control
studies and cohort studies and drew a wrong conclusion
based on the findings from combining the results of both
case-control studies and cohort studies. As Prof. Myung
pointed out in his letter, except for breast cancer, the subgroup meta-analysis of cohort studies which generally provide a higher level of evidence than case-control studies did
not show any significant association between light alcohol
drinking and the risk of cancers of oral cavity, pharynx, and
esophagus although light drinking was significantly associated with the increased risk of these cancers in the subgroup
meta-analysis of case-control studies. Therefore, Bagnardi et
al.’s meta-analysis [7] should have concluded that overall
light drinking was not associated with the risk of cancer,
although it increased the risk of female breast cancer slightly.
After the publication of Bagnardi et al.’s meta-analysis [7],
the 2015 newly revised ECAC fourth edition changed its recommendation on drinking from “Moderate your consumption to two drinks per day if you are a man or one drink per
day if you are a woman” to “Not drinking is better for cancer
prevention” based on the similar conclusions to those from
Bagnardi et al. [7]. The ECAC fourth edition also did not consider the difference in findings between case-control studies
and cohort studies and moreover wrongly used data for
moderate drinking or just drinking instead of light drinking
for the meta-analysis.
3. Meaning and implications of the current findings for
policy makers and clinicians
In our study, except for only two types of cancer, female
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breast cancer and male colorectal cancer, very light or light
drinking was not associated with the risk of most cancers.
Although the incidence of malignant melanoma was
increased with light drinking, it remains inconclusive due to
a small number of included studies. As for female breast cancer, its incidence was increased at even the level of very light
drinking ( 0.5 drink/day), which can be interpreted that
there is no safe level for alcohol drinking regarding female
breast cancer. Also, light drinking ( 1 drink/day) was associated with the increased incidence of male colorectal cancer.
However, except for these two types of cancer, there was no
sufficient evidence to support that very light or light drinking up to 1 drink/day increases the risk of most of cancers.
On the contrary, light drinking significantly decreased the
incidence of both female and male lung cancer significantly
and thyroid cancer marginally significantly. Thus, our findings imply that very light or light drinking has both benefits
and harms in cancer prevention according to types of cancers.
4. Possible mechanisms for the main findings
The possible mechanisms on the association between alcohol consumption and the risk of breast cancer include the
effect of alcohol on estrogen levels and estrogen receptor in
mammary epithelial cells, the carcinogenic effect of ethanol
metabolites, the effect of ethanol on epigenetic regulation of
gene expression in the breast [42]. As for colon cancer,
potential mechanisms to be examined in human-based studies are acetaldehyde production in the colon, cell proliferation due to ethanol or acetaldehyde exposure, and alterations
in DNA repair mechanisms [43]. However, it still remains
unclear why even very light or light drinking levels increase
the incidence of female breast cancer and male colorectal cancer unlike the remaining common cancers.
In the meantime, very light or light drinking was associated with the decreased incidence of lung cancer significantly
and thyroid cancer marginally significantly. It has been suggested that the protective effect of low or moderate alcohol
consumption on lung cancer is attributable to its anti-inflammatory effects through lower plasma concentration of several
systemic biomarkers of inflammation compared with no consumption [44], antioxidant effects in tumor promotion and
progression [45], and anti-carcinogenic effects through
induction of protective enzymes such as carcinogen detoxification enzymes [46,47]. However, it remains unclear why
these effects would be specific for lung cancer. Also, the possible biological mechanisms on the inverse association
between alcohol consumption and the risk of thyroid cancer
are the protective effect on developing thyroid cancer by
decreased levels of thyroid-stimulating hormone and the
direct toxic effect on thyroid cells and consequently reduction of thyroid volume [48].

5. Strengths of the current meta-analysis
This is the first meta-analysis of cohort studies that comprehensively investigated the association between very light
and light alcohol drinking and the risk of a variety of cancers.
Our study has its originality in that for the first time, we
claim that overall light alcohol drinking is not associated
with the risk of most of the common cancers except for
female breast cancer and male colorectal cancer. Our findings
refute the newly revised ECAC fourth edition on alcohol
drinking and cancer and those from Bagnardi et al.’s metaanalysis [7].
6. Limitations
There are several limitations in our study. First, except for
breast cancer, colorectal cancer, and lung cancer, due to a
paucity of data on very light or light drinking for most cancers, we were unable to clearly evaluate the associations
between very light or light drinking and most cancers. Thus,
further studies are necessary to confirm these associations.
Second, there might be possible interactions between drinking and other factors such as smoking on the development
of breast cancer and colorectal cancer. Although all the
included cohort studies adjusted various factors in each multivariable analysis, those factors varied across the studies. For
example, however, because most studies included the important factors affecting the development of breast cancer such
as age, smoking, age at menopause, age at first birth, family
history of breast cancer, hormone replacement therapy, and
oral contraceptives, the effect of other unknown confounding
factors would be minimal. Last, the generalization of our
findings is limited because a small number of cohort studies
among Asian populations were included in our analysis.
More cohort studies are required to investigate that our findings can be applied to Asian populations.
Our meta-analysis of cohort studies found that compared
with non or occasional alcohol drinking, very light or light
drinking was not associated with the risk of most cancers
except for female breast cancer and male colorectal cancer
with a small increase in incidence. Although the IARC
re-published The ECAC 4th Edition: Alcohol Drinking and Cancer in December 2016 [49] with a few corrections of data cited
on the association between light alcohol drinking and cancer
risk, they still did not consider the difference in findings
between case-control studies and cohort studies and stick to
the previously revised recommendation. Therefore, we suggest that the revision of the current ECAC fourth edition on
alcohol drinking and cancer should be seriously considered
from “If you drink alcohol of any type, limit your drinking.
Not drinking is better for cancer prevention” to “If you drink
alcohol of any type, limit your drinking. Not drinking is betVOLUME 50 NUMBER 2 APRIL 2018
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ter in order to prevent breast cancer in women and colorectal
cancer in men.”
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Pazopanib for the Treatment of Non-clear Cell Renal Cell Carcinoma:
A Single-Arm, Open-Label, Multicenter, Phase II Study

Purpose
The optimal treatment strategy for patients with metastatic non-clear cell type renal cell carcinoma (nccRCC) remains unclear. Although several inhibitors of vascular endothelial growth
factor have recently shown efficacy against nccRCC, the clinical benefit of pazopanib in
nccRCC has not been analyzed. We therefore designed a single-arm, open-label, phase II
study to determine the efficacy and safety of pazopanib in patients with nccRCC.
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Materials and Methods
Patients with locally advanced or metastatic nccRCC, except for collecting duct or sarcomatoid
type, received 800 mg/day of pazopanib daily until progression of disease or intolerable toxicity. One cycle was defined as 4 weeks and tumor response was evaluated every two cycles.
The primary objective was overall response rate (ORR).
Results
A total of 29 eligible patients were enrolled at nine centers in Korea from December 2012
and September 2014. The median age of the patients was 58 years (range, 27 to 76 years)
and 21 patients (72%) were male. Regarding histology type, 19 patients had papillary, three
had chromophobe, two had unclassified and five had unknown non-clear cell type. Of 28
evaluable patients, eight achieved a confirmed partial response with ORR of 28%. The
median progression-free survival was 16.5 months (95% confidence interval, 10.9 to 22.1)
and median overall survival was not reached. Sixteen patients (55%) experienced treatment-related toxicity of grade 3 or more, but most adverse events were overcome through
dose reduction and delay.

*A list author’s aliations appears at the end
of the paper.

Conclusion
In this prospective phase II study, pazopanib demonstrated promising activity and tolerable
safety profile in patients with metastatic nccRCC.
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+ Correspondence:
+ + + + + + +Ho+ Yeong
+ + +Lim,
+ +MD,
+ +PhD
++
+ Division
+ + + +of +Hematology
+ + + + +and+ Oncology,
++++++
+ Department
+ + + + +of+Medicine,
+ + + +Samsung
+ + + +Medical
+++
+ Center,
+ + + Sungkyunkwan
+ + + + + + +University
+ + + +School
+++
++++++++++++++++++
+ of+ Medicine,
+ + + + 81+ Irwon-ro,
+ + + +Gangnam-gu,
+++++++
+ Seoul
+ + +06351,
+ +Korea
++++++++++++
+ Tel:
+ +82-2-3410-0914
+++++++++++++++
+ Fax:
+ +82-2-3410-1754
+++++++++++++++
+ E-mail:
+ + + hoylim@skku.edu
++++++++++++++
++++++++++++++++++
+ Received
+ + + +December
+ + + + 8,+2016
++++++++
+ Accepted
+ + + + May
+ + 16,
+ 2017
++++++++++
+ Published
+ + + + Online
+ + + May
+ + 22,
+ +2017
++++++
++++++++++++++++++

488

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

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

Copyright ⓒ 2018 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.

│ http://www.e-crt.org │

Ki Sun Jung, Pazopanib in Patients with nccRCC

Introduction

Materials and Methods

Non-clear cell type renal cell carcinoma (nccRCC) is a heterogeneous mixture of diverse histologies including papillary, chromophobe, collecting duct, medullary and unclassified renal cell carcinoma (RCC). It usually accounts for
approximately 20% of all RCC cases [1] and shows poor
treatment response to systemic therapy and poor survival in
comparison with clear cell RCC (ccRCC) [2,3].
Systemic therapy is the main treatment option for metastatic RCC and various kinds of therapy with strong evidence,
such as sunitinib, pazopanib, and axitinib, are available for
ccRCC [4]. However, there is little evidence and fewer available options for nccRCC. Temsirolimus is currently the preferred treatment for metastatic nccRCC and is especially
recommended as an initial targeted agent for patients classified as poor risk according to the Memorial Sloan-Kettering
Cancer Center (MSKCC) risk group [5,6]. However, the evidence for this recommendation originated in a previous
phase III trial of temsirolimus versus interferon  that
included patients with poor-risk metastatic RCC of all histologic type and showed a clinical benefit of temsirolimus. For
patients in the other risk groups, there is a lack of evidence
for the use of targeted agents.
Pazopanib is a multi-targeted receptor tyrosine kinase
inhibitor (TKI) that inhibits tumor cell proliferation and
angiogenesis through selective inhibition of vascular
endothelial growth factor receptors (VEGFRs), plateletderived growth factor receptors, and c-kit [7,8]. Several clinical trials [9-11] have analyzed the efficacy and safety for this
pazopanib and it is currently accepted as a first-line therapeutic option in patients with metastatic ccRCC. In patients
with ccRCC, sunitinib and pazopanib showed similar efficacy, but pazopanib had lower toxicity than sunitinib [10].
In addition, pazopanib showed treatment response in
patients with ovarian cancer, soft tissue sarcoma and nonsquamous cell lung cancer [12-14].
Recently, sunitinib and sorafenib showed efficacy for
patients with metastatic nccRCC in some reports, including
an expanded-access trial [15,16]. Specially, sunitinib showed
a high overall response rate (ORR) of 36% [17]. Although
there is one retrospective study [18], the efficacy of pazopanib has not been prospectively surveyed in patients with
nccRCC. Therefore, we designed a single-arm, open-label,
phase II study to evaluate the efficacy and safety of pazopanib in patients with nccRCC.

1. Study design
This was an open-label, phase II, multicenter study conducted at nine centers in Korea. The protocol was approved
by the institutional review board of each participating center,
and the trial was conducted in accordance with the principles
of the Declaration of Helsinki. All patients provided written
informed consent before enrollment. GlaxoSmithKline (GSK;
Seoul, Korea) provided pazopanib but was not involved in
patient accrual, data analysis, or manuscript preparation. The
trial was registered at ClinicalTrials.gov (NCT01538238).
2. Patient selection
Inclusion criteria were as follows: histologically confirmed
RCC with more than 50% non-clear cell histologic component, including papillary type, chromophobe type, or unclassified cell types (excluding collecting duct and sarcomatoid
type, but including tumors with sarcomatoid type or collecting duct type cells if they were less than 5% of the total cancer
tumor); at least one measurable lesion by Response Evaluation Criteria in Solid Tumors (RECIST) ver. 1.1 that had not
been previously treated with radiotherapy; Eastern Cooperative Oncology Group performance status of 0 or 1; and
adequate hepatic, renal and hematologic function. Patients
who previously received angiogenesis inhibitors (such as
sunitinib, sorafenib, or bevacizumab), mesenchymal-epithelial transition factor inhibitors or c-kit inhibitors for the treatment of RCC were excluded. However, patients who completed immune therapy (interleukin 2, interferon) at least 6
weeks previously or treatment with mammalian target of
rapamycin (mTOR) inhibitor (everolimus, temsirolimus) at
least 3 weeks previously could be enrolled in this study.
3. Treatment
Patients received 800 mg oral pazopanib once daily in
4-week treatment cycles until disease progression or unacceptable toxicity. Toxicities were evaluated according to the
National Cancer Institute’s Common Toxicity Criteria ver.
3.0. Grade 2 nonhematologic and grade 3 hematologic toxicities were managed by cessation of the drug until resolution
to grade 1 and then resuming treatment without a dose
reduction. If the patient experienced a second toxicity, the
drug dosage was reduced to 600 mg once daily. Grade 3 or 4
hepatic toxicities were managed through dose interruption
followed by dose reduction to 600 mg once daily. If dose
reduction of more than 400 mg was required, patients were
taken off the study.
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4. Objectives and response evaluation
The primary endpoint was ORR, and secondary endpoints
were progression-free survival (PFS), overall survival (OS),
and safety. Radiographic imaging and tumor assessments
were performed every 8 weeks based on RECIST 1.1 criteria
[4]. All complete responses (CRs) and partial responses (PRs)
were confirmed by repeated computed tomography (CT)
scan evaluation per RECIST ver. 1.1. MSKCC risk group was
defined based on 2002 risk model criteria [19].
5. Statistical considerations
A Simon’s two-stage phase II optimal design was used to
assess the primary endpoint of response according to the following parameters: reference response rate of 10%; experimental response rate of 30%; and type I and II error rates of
5% and 20%, respectively. Ten patients were treated at the
first stage and the study would be stopped early if fewer than
two patients responded; otherwise, the study would proceed
to the second stage, in which an additional 19 patients would
be treated. If six or more responders were observed from the
cumulative 29 patients, pazopanib would be considered worthy of further testing in this study population.
Standard descriptive and analytical methods were used to
describe the patient population and their baseline characteristics and clinical outcomes. PFS and OS were estimated
using the Kaplan-Meier method. We also used the Cox proportional hazards regression models to identify predictive
factors of PFS and OS. Statistical data were analyzed using
SPSS ver. 18 (IBM Corp., Armonk, NY, http://www.ibm.
com).

Results
1. Patient characteristics
A total of 29 patients were enrolled between December 2012
and September 2014. The baseline patient characteristics are
presented in Table 1. The median age was 58 years (range,
27 to 76 years) and most patients were male (72%). Nineteen
patients (66%) had papillary type and three patients (10%) had
chromophobe type. Twenty-one patients (72%) were classified
as MSKCC favorable risk, six (21%) as intermediate risk and
two (7%) as poor risk. Twenty patients (69%) underwent prior
nephrectomy: 14 (70%) for curative purpose and six (30%) for
cytoreductive purpose. Two patients (7%) received immunotherapy and 12 patients (41%) were treated with mTOR
inhibitors prior to this study. The median duration of
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Table 1. Baseline patient characteristics
Characteristic
Age, median (range, yr)
Sex
Male
Female
Smoking history
Never smoker
Ex-smoker
Current smoker
ECOG performance status
0
1
Histology
Papillary
Chromophobe
Unclassified
Unknown
MSKCC risk group
Favorable
Intermediate
Poor
Most common site of metastasis
Lung
Lymph node
Bone
Liver
No. of organs involved
1
2
3
Prior nephrectomy
Curative
Cytoreductive
Prior treatment
RT
Immunotherapy
mTOR inhibitor
None

No. of patients (%) (n=29)
58 (27-76)
21 (72)
8 (28)
15 (52)
10 (34)
4 (14)
13 (45)
16 (55)
19 (66)
3 (10)
2 (7)
5 (17)
21 (72)
6 (21)
2 (7)
8 (28)
13 (45)
14 (48)
6 (21)
13 (45)
4 (14)
12 (41)
20 (69)
14 (70)
6 (30)
8 (28)
2 (7)
12 (41)
13 (45)

ECOG, Eastern Cooperative Oncology Group; MSKCC,
Memorial Sloan-Kettering Cancer Center; RT, radiotherapy;
mTOR, mammalian target of rapamycin.

pazopanib treatment was 8.8 months (range, 0.8 to 27.8
months).
2. Response and survival
One patient discontinued pazopanib before CT response
evaluation because of death as a result of disease deterioration.
No patient showed CR, eight patients showed PR and 17
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Table 2. Summary of tumor response
Best response

3. Adverse events

No. of patients (%) (n=28)

CR
PR
SD
PD
Response rate (CR+PR)
Disease control rate (CR+PR+SD)

0(
8 (28)
17 (61)
3 (11)
8 (28)
25 (89)

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

patients showed stable disease (SD), resulting in an ORR of
28% (95% confidence interval [CI], 12 to 44) and disease control rate (DCR) of 89% (95% CI, 78 to 100) (Table 2). After a
median follow-up period of 21.3 months, the median PFS was
16.5 months (95% CI, 10.9 to 22.1). Median OS has not been
reached yet with a 1-year survival rate of 69% (Fig. 1). According to histologic type, ORR was 39% for papillary type, 33%
for chromophobe type, and patients with unclassified type
RCC did not show any response (Table 3). During the followup period, disease progression were observed in 17 patients
(59%) and 12 patients (41%) died. Causes of death were disease progression (10 patients), pneumonia (one patient), and
microperforation of small bowel (one patient). In survival
analysis for PFS and OS, only MSKCC risk group (p < 0.001)
was a predictive factor for OS (S1 Table).

Twenty-eight patients (97%) experienced one or more
adverse events (AEs) (Table 4). The most common AEs were
hypertension (66%), nausea/vomiting (59%), hair color change
(59%), diarrhea (55%), anorexia (48%), mucositis (45%), and
abdominal pain (41%). The most common laboratory abnormalities were hepatic dysfunction (45%) and hematologic dysfunction (anemia 17%, leukopenia 14%, thrombocytopenia
24%). Sixteen patients (55%) had AEs of grade  3. The most
common grade  3 AEs were hepatic dysfunction (24%),
thrombocytopenia (10%), and abdominal pain (10%). Dose
reduction and delays due to AEs occurred in 19 (66%) and 17
(59%) patients, respectively. Most AEs were overcome
through dose reduction and/or delay; only one patient
stopped treatment with pazopanib because of grade  3
hepatic dysfunction. Treatment-related mortality was observed in one patient (3%, pneumonia).

Discussion
In patients with clear cell type histology of metastatic RCC,
many studies have been performed on treatment for first-line
therapy as well as subsequent therapy and several therapeutic agents are available as treatment options in these patients.
However, the optimal therapy for nccRCC type remains
unclear. Thus, enrollment of patients with nccRCC type to
clinical trial is required according to National Comprehen-

A

100

80
Probability (%)

Probability (%)

80
60
40
20
0

B

100

12

Median OS, not reached

24
Time (mo)

40
20

Median PFS, 16.5 mo
(95% CI, 10.9-22.1)

0

60

36

0

0

12

24
36
Time (mo)

48

60

Fig. 1. Progression-free survival (PFS) (A) and overall survival (OS) (B) of 28 patients. CI, confidence interval.
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Table 3. Response and survival according to histologic type (n=28)
Histologic type
Response
PR
SD
PD
ORR (%)
PFS
(95% CI, mo)
OS
(95% CI, mo)

Papillary (n=18)

Chromophobe (n=3)

Unclassified (n=2)

Unknown (n=5)

7
9
2
39
17.3
(14.8-19.8)
Not reached
-

1
2
33
18.3
(11.9-24.7)
18.9
-

2
0
3.5
7.6
-

4
1
0
5.4
(1.8-9.0)
6.4
(0-16.3)

PR, partial response; SD, stable disease; PD, progressive disease; ORR, overall response rate; PFS, progression-free survival;
CI, confidence interval; OS, overall survival.

sive Cancer Network guidelines [4]. As a result, treatment
strategy of metastatic nccRCC is currently challenging and
various studies should be conducted to demonstrate clinical
efficacy of available therapeutic options in these patients.
Temsirolimus is a first-line therapeutic agent that could be
considered for patients with metastatic nccRCC. In subgroup
analysis of the global advanced RCC trial, the median OS
was 11.6 months with temsirolimus and 4.3 months with
interferon-alpha for nccRCC patients [5,6]. However, this
trial enrolled patients with clear cell type as well as non-clear
cell type and only included poor-risk patients according to
MSKCC risk criteria. In phase II trial of everolimus, another
mTOR inhibitor, the ORR was 10.2% and median PFS was
5.2 months in patients with metastatic nccRCC who previously received a VEGFR-TKI [20].
In the case of TKIs, various therapeutic agents have
showed clinical efficacy for ccRCC patients and are currently
used as standard therapy. For this reason, several TKIs have
been tested in metastatic nccRCC and there are reports of the
use of sunitinib, sorafenib, and erlotinib in these patients. All
of these studies were phase II or expanded-access trials, and
the phase III trial of TKIs in this setting has not been surveyed yet. In the phase II trial (n=31) for sunitinib, median
PFS was 6.4 months and ORR was 36% [17]. In another study
of treatment with sunitinib or sorafenib, ORR was 23% and
median PFS was 10.6 months (n=53) [16]. A phase II study of
erlotinib in patients with papillary RCC (n=45) showed an
ORR of 11%, DCR of 64%, and median OS of 27 months [21].
Several clinical trials using pazopanib or axitinib in patients
with metastatic nccRCC are currently ongoing.
In this study, we analyzed the clinical efficacy and safety
of pazopanib in patients with metastatic nccRCC. As a result,
the ORR was 28% and DCR was 89%. The median PFS was
16.5 months (95% CI, 10.9 to 22.1) and 1-year OS rate of 69%.
This is the first report of the use of pazopanib in patients with
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metastatic nccRCC and showed promising efficacy in these
patients. Based on these findings, further research is required
to define the optimal treatment for patients with advanced
nccRCC.
This meaningful efficacy seems to result from the fact that
all patients had good performance status and many were
classified as MSKCC favorable (72%) or intermediate (21%)
risk groups. In a previous study, temsirolimus showed a survival benefit in the poor risk group [6]. Also, in another
study, the median PFS was longer with sunitinib than with
everolimus in good or intermediate risk group of nccRCC
patients, but median PFS was longer with everolimus than
with sunitinib for the poor risk group [22]. The enrolled
patients of our study included a relatively high proportion
in favorable or intermediate risk groups compared with
other studies, and this might increase the efficacy of
pazopanib. With regard to subtypes of nccRCC, papillary
type 1 and chromophobe RCC tend to have an indolent disease course, whereas collecting duct and unclassified subtypes are associated with poor outcomes [23,24]. Although
only a small number of patients were included in this study,
papillary and chromophobe types showed a treatment
response to pazopanib, whereas the unclassified type group
had no responders. Further studies of the optimal treatment
according to each risk group and histologic subtype in
patients with nccRCC are needed.
Most patients (97%) suffered AEs related to pazopanib
treatment during the follow-up period and AEs of grade  3
were reported in 55% of patients in this study. However,
these AEs were almost all clinically manageable through
dose modification or interruption, with the exception of only
one patient. Treatment-related mortality was confirmed in
3% of our patients (one patient, who died from pneumonia).
Although one patient died due to microperforation of small
bowel, which was a serious and unexpected AE, we consid-
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Table 4. Treatment-related adverse events (n=29)
Adverse event
Symptoms and signs
Anorexia
Mucositis
Nausea/Vomiting
Abdominal pain
Constipation
Diarrhea
Melena
Hypertension
QT prolongation
URI symptoms
Pleural effusion
Dyspnea
Pneumonia
Edema
Skin rash
Pruritus
Hand-foot syndrome
Alopecia
Hair color change
Insomnia
Depression
Myalgia
Fatigue
Neuropathy
Headache
Laboratory abnormalities
LFT dysfunction
Proteinuria
Hyperkalemia
Hyponatremia
Hypocalcemia
Renal impairment
Hypothyroidism
Hyperlipidemia
Anemia
Leukopenia
Thrombocytopenia

All grades

Grade  3

14 (48)
13 (45)
17 (59)
12 (41)
2 (7)
16 (55)
1 (3)
19 (66)
1 (3)
2 (7)
2 (7)
3 (10)
1 (3)
10 (34)
3 (10)
1 (3)
9 (31)
7 (24)
17 (59)
2 (7)
1 (3)
9 (31)
11 (38)
1 (3)
4 (14)

2 (7)
2 (7)
3 (10)
1 (3)
2 (7)
1 (3)
1 (3)
1 (3)
1 (3)
1 (3)
-

13 (45)
1 (3)
2 (7)
2 (7)
1 (3)
2 (7)
3 (10)
1 (3)
5 (17)
4 (14)
7 (24)

7 (24)
1 (3)
1 (3)
1 (3)
1 (3)
2 (7)
2 (7)
3 (10)

Values are presented as number (%). URI, upper respiratory infection; LFT, liver function test.

use of VEGFR-TKIs does not seem to increase the risk of GI
perforation compared with controls [26]. Thus, we suspect
that this case did not represent treatment-related mortality.
These safety profiles seems to be consistent with the results
of previous studies of pazopanib in patients with metastatic
RCC [9-11]. Therefore, pazopanib treatment was considered
to be tolerable in patients with metastatic nccRCC.
This study demonstrated promising activity of pazopanib
in patients with metastatic nccRCC. Although most patients
experienced AEs, pazopanib was tolerated in these patients.
Further investigations are needed to evaluate the clinical
efficacy of pazopanib according to histologic subtype and
risk group among patients with metastatic nccRCC.
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ered the association between microperforation and pazopanib low. In previous trials, gastrointestinal (GI) perforation
was a rare (< 1%) AE associated with pazopanib and most
cases were GI perforation caused by formation of a fistula in
patients who showed a tumor response [25]. The patient in
our study had only bone metastasis at diagnosis and the
treatment response was SD. Also, in the meta-analysis, the
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ALK Protein Expression Is Related to Neuroblastoma Aggressiveness
But Is Not Independent Prognostic Factor

Purpose
In this study, anaplastic lymphoma kinase (ALK) mutation and amplification, ALK protein
expression, loss of the nuclear alpha thalassemia/mental retardation syndrome X-linked
(ATRX) protein, and telomerase reverse transcriptase (TERT) protein expression were studied
to investigate potential correlations between these molecular characteristics and clinical
features or outcomes in neuroblastoma.
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Materials and Methods
Seventy-two patients were enrolled in this study. Polymerase chain reaction amplification
and direct sequencing were used for mutation analysis. ALK and MYCN amplifications were
detected by fluorescence in situ hybridization. Protein expression was evaluated by immunohistochemical (IHC) staining.
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Results
ALK mutation was found in only two patients (4.1%); ALK amplification was not detected.
ALK positivity, loss of nuclear ATRX protein, TERT positivity by IHC were detected in
40 (55.6%), nine (13.0%), and 42 (59.2%) patients, respectively. The incidence of ALK
expression increased in accordance with increasing tumor stage (p=0.001) and risk group
(p < 0.001). The relapse rate was significantly higher in ALK+ patients compared to that of
other patients (47.5% vs. 11.3%, p=0.007). However, there was no significant difference in
relapse rate when the survival analysis was confined to the high-risk patients.
Conclusion
Although ALK mutation was rare and no amplification was observed, ALK protein expression
was found in a significant number of patients and was correlated with advanced stage and
high-risk neuroblastoma. ALK protein expression could be considered as a marker related
to the aggressive neuroblastoma, but it was not the independent prognostic factor for the
outcome.
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Introduction
Neuroblastoma is a childhood malignancy that arises from
precursor cells of the sympathetic nervous system or the
adrenal medulla. It is the most common extracranial solid
tumor in children and accounts for 12% of all childhood cancer-related deaths [1]. The clinical course is highly heterogeneous, ranging from spontaneous regression without any
therapeutic intervention to very fatal cases showing rapid
progression and death despite modern intensive multimodal
treatment. Because of these clinical heterogeneities, different
therapeutic approaches are needed in the treatment of neuroblastoma. Traditionally, clinical features such as age at
diagnosis and stage have been used to predict outcome and
stratify risk groups in neuroblastoma. In addition to these
clinical characteristics, many genetic and genomic features
have been studied and incorporated into the modern prognostic classification of neuroblastoma [2].
Amplification of the MYCN oncogene was one of the first
reported genetic markers for highly aggressive and
advanced stage neuroblastoma. MYCN amplification is
observed in approximately 20% of cases and remains a powerful prognostic factor indicating poor outcome [3]. Tumor
cell DNA ploidy has also been shown to be independently
correlated with outcome; near-triploidy and diploidy/
tetraploidy are associated with excellent and poorer outcomes, respectively [4]. With the development of highthroughput techniques such as chromosomal or array comparative genomic hybridization, numerous recurrent largescale genomic imbalances including loss of heterozygosity of
chromosomal regions 1p, 3p, and 11q, along with gain of
chromosome 1q and 17q, have been reported to be associated
with poor outcome in neuroblastoma [5]. Recently, the International Neuroblastoma Risk Group project reported that
segmental chromosomal alterations, rather than single
genetic markers, have prognostic impact in neuroblastoma
[6].
Activating mutations of the anaplastic lymphoma kinase
(ALK) gene in neuroblastoma have been reported by several
groups since 2008 [7-10]. ALK is a tyrosine receptor kinase
which is encoded by the ALK gene located on the short arm
of chromosome 2 (2p23.2). The oncogenic potential of ALK
was first identified in anaplastic large cell lymphoma
through the formation of a nucleophosmin-ALK fusion protein with constitutive kinase activity by chromosomal
translocation t(2;5)(p23;q35). One of the first reports of ALK
in neuroblastoma described the germline ALK mutation in
the neuroblastoma pedigree. Mosse et al. [10] demonstrated
that germline ALK mutations are responsible for susceptibility to hereditary neuroblastoma development. Subsequently,
somatic ALK mutations have been reported in 6%-12% of
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sporadic neuroblastoma and these mutations are located
mostly within the tyrosine kinase domain [8]. In addition to
point mutations, ALK amplification has been reported in
about 2%-6% of neuroblastoma cases by several studies
[11,12].
Telomere maintenance is essential for cancer cell survival.
There are two different mechanisms of telomere maintenance: one is through the increased expression of telomerases
and the other is through the alternative lengthening of telomeres (ALT) pathway [13]. The former is related to telomerase
reverse transcriptase (TERT) expression, and the latter is
known to be associated with mutation of the alpha thalassemia/mental retardation syndrome X-linked (ATRX)
gene [13]. ATRX mutations have been found in neuroblastoma in older children and adolescents in particular. ATRX
mutation was associated with loss of the nuclear ATRX protein, longer telomeres and neuroblastoma without MYCN
amplification. This mutation was related to an indolent, but
progressive course in neuroblastoma [14]. Recently, telomerase activation by genomic rearrangement in the region of
proximal of the TERT gene was reported in neuroblastoma,
and this rearrangement defined a subgroup of high-risk
tumor with particularly poor outcome [15,16].
In this study, ALK mutation and amplification, ALK protein expression, loss of nuclear ATRX protein, and TERT protein expression were studied to investigate potential
correlations between these molecular characteristics and clinical features or outcomes in neuroblastoma.

Materials and Methods
1. Patients and specimens
Patients who were histologically diagnosed with neuroblastoma and treated at Seoul National University Children’s
Hospital from January 2002 to July 2012 were enrolled in this
study. A list of patients was obtained from the hospital’s
computerized database. A total of 104 patients were included
initially, but 14 patients without initial tumor samples before
chemotherapy were excluded. After a review of hematoxylin
and eosin–stained slides, an additional five patients were
excluded due to inadequate tumor specimens. A tissue
microarray (TMA) was prepared with tumor samples from
the remaining 86 patients, and a further 13 patients were
excluded due to insufficient tumor specimens on the TMA
slides. Finally, 72 patients were evaluated in this study.
Clinical data were retrospectively collected. This data
included gender, age at diagnosis, tumor location, International Neuroblastoma Staging System (INSS) stage [1], risk
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group according to the Children’s Oncology Group risk stratification system [17], treatment history, clinical follow-up,
and final outcome.
Formalin-fixed, paraffin-embedded (FFPE) tumor tissue
obtained during surgery or biopsy was used. For patients
with somatic mutations in their tumor tissue, peripheral
blood was used to determine whether the mutations were
somatic or germline.
This research was carried out in accordance with the
guidelines of the Declaration of Helsinki and approved by
the Institutional Review Board of Seoul National University
Hospital (H-1103-003-352). Informed consent was obtained
according to the guidelines of our Institutional Review
Board.
2. Immunohistochemical staining
The hematoxylin and eosin sections were reviewed by a
pathologist, and the TMA was prepared from FFPE neuroblastoma tissue samples. Immunohistochemical (IHC) staining was performed on 4-µm-thick TMA sections using an
ALK monoclonal antibody (Novocastra, Leica Biosystems,
Newcastle upon Tyne, UK), a polyclonal antibody against
ATRX (Sigma-Aldrich, St. Louis, MO) and a monoclonal
mouse anti-TERT antibody (Novus Biologicals, Littleton,
CO). The TMA sections were deparaffinized and rehydrated,
and heat-induced epitope retrieval was performed by heating in Tris–ethylenediaminetetraacetic acid buffer, pH 9.0, at
100°C for 15 minutes. The intensity and area score of positive
cells was evaluated and scored by a pathologist. The intensity score was defined as follows: 0, negative; 1, weak positive; 2, medium density positive; and 3, strong positive, and
the area score was categorized as follows: 0, negative; 1, 1%25%; 2, 26%-50%; 3, 51%-75%; and 4, > 76%. The intensity
score was well correlated with the area score, so intensity
score was used for data analysis. For ALK and TERT protein

expression, a staining intensity score of 2 or more was
defined as positive. Loss of the nuclear ATRX protein was
defined as a staining intensity score of 0 or 1.
3. Fluorescence in situ hybridization
Fluorescence in situ hybridization (FISH) was performed
on unstained TMA sections to investigate MYCN and ALK
amplification. Probes used in this study included MYCN
(2p24.1, orange; Vysis, Downers Grove, IL), centrosomal protein 2 (2p11.1-q11.1, green; Vysis) and an ALK Dual Color,
Break Apart Rearrangement Probe (2p23; Vysis, Abbott Laboratories, Abbott Park, IL). Values for each signal and the
ratios of red/green signals were reported in at least 50 nonoverlapping nuclei per specimen. MYCN/ALK amplification
was defined as over a 4-fold increase of the MYCN/ALK signal number relative to the number of control probe signals,
in accordance with previous studies [2,18].
4. Mutation analysis
Genomic DNA was extracted from FFPE tumor tissue.
Three to five 10-µm-thick sections were used for DNA extraction. For samples in which tumor content was below 70%,
the tumor area was selectively scraped from the slides. Paraffin was removed from the FFPE sections using xylene followed by ethanol washes. The tissue was then lysed with
lysis buffer and proteinase K overnight at 56°C. Lysates were
incubated at 90°C for 15 minutes to remove DNA crosslinks,
and genomic DNA was extracted using the QIAamp DNA
FFPE Tissue Kit (Qiagen, Hilden, Germany). For DNA
extraction from peripheral blood lymphocytes, the QIAamp
DNA Mini Kit (Qiagen) was used.
Polymerase chain reaction (PCR) amplification was performed for exons 23, 24, and 25 of the ALK gene. ALK PCR
was performed in a 20 µL reaction mixture containing 5 µL

Table 1. Primer sequences and PCR conditions
Exon
ALK exon 23
F
R
ALK exon 24
F
R
ALK exon 25
F
R

Primer sequence

Annealing temperature (°C)

AGATTTGCCCAGACTCAGCTC
GGTCTCTCGGAGGAAGGACT

58

CTTCTGTCTCCCCACAGAGC
AAGCACACAGATCAGCGACA

58

TGATGGCCGTTGTACACTCA
CTGAGGTGGAAGAGACAGGC

58

PCR, polymerase chain reaction; ALK, anaplastic lymphoma kinase; F, forward primer; R, reverse primer.
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Table 2. Characteristics of patients
Characteristic
Age, median (range, mo)
Sex
Male
Female
Primary site
Abdomen
Posterior mediastinum
Neck
INSS stage
Stage I
Stage II
Stage III
Stage IV
Stage IVs
Risk group
Low risk
Intermediate risk
High risk
MYCN amplification
Positive
Negative
ALK IHC
Positive
Negative
ATRX IHC
Loss
No loss
TERT IHC
Positive
Negative

5. Statistical analysis
No. (%)
2.0 (0.0-16.7)
36 (50.0)
36 (50.0)
55 (76.4)
15 (20.8)
2 (2.8)
16 (22.2)
8 (11.1)
16 (22.2)
31 (43.1)
1 (1.4)
24 (33.3)
21 (29.2)
27 (37.5)
7/70 (10.0)
63/70 (90.0)
40 (55.6)
32 (44.4)
9/69 (13.0)
60/69 (87.0)
42/71 (59.2)
29/71 (40.8)

INSS, International Neuroblastoma Staging System; ALK,
anaplastic lymphoma kinase; IHC, immunohistochemistry;
ATRX, alpha thalassemia/mental retardation syndrome
X-linked; TERT, telomerase reverse transcriptase.

of extracted template DNA, 2 µL of 10 pmol primers, and
10 µL of HotStarTaq Master Mix (Qiagen). PCR products
were subjected to electrophoresis on 2% agarose gels and
were purified using a QIAquick PCR Purification Kit (Qiagen). Direct sequencing was performed using the BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems,
Foster City, CA) on the ABI PRISM 3730XL Analyzer
(Applied Biosystems). The primer sets used in this study are
listed in Table 1.
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Differences between categorical variables were measured
by the chi-square test or Fisher exact test, and differences
between means in continuous variables were calculated
using Student’s t test. The Kaplan-Meier method and logrank univariate comparisons were used to estimate survival.
Cox proportional hazard regression model was used for multivariate analysis. Survival analysis was performed for all
patients except for three patients who had not had a sufficient follow-up duration after their initial diagnosis or
because of an absence of follow-up data. SPSS ver. 21.0 (IBM
Corp., Armonk, NY) was used for all statistical analyses, and
p < 0.05 was accepted as statistically significant.

Results
1. Clinical characteristics
A total of 72 patients were enrolled in this study. The clinical
characteristics of the patients are summarized in Table 2. The
median patient age was 2.0 years (range, 0.0 to 16.7 years). The
primary tumor sites were the retroperitoneum in 55 patients
(76.4%), the posterior mediastinum in 15 patients (20.8%), and
the neck in two patients (2.8%). MYCN amplification was
evaluable in 70 tumor samples, and seven patients (10.0%) had
MYCN amplification at initial diagnosis. Treatment was
decided according to the patient’s age, stage, and MYCN status.
Sixteen patients relapsed (relapse rate, 29.3%), and treatment-related mortality occurred in three patients. The clinical
and molecular characteristics of the relapsed patients are summarized in Table 3. In the 13 patients who died of disease, the
median time to relapse from diagnosis was 23.6 months
(range, 3.4 to 83.7 months), and the median time to death from
relapse was 5.6 months (range, 1.2 to 55.3 months).
Stages, results of molecular study and clinical outcomes
were summarized in Fig. 1. Representative images of ALK
expression, loss of nuclear ATRX protein and TERT expression
were illustrated in Fig. 2.
2. ALK protein expression
ALK protein expression was evaluable in 72 tumor samples,
and samples from 40 patients (55.6%) showed ALK+ staining.
The incidence of ALK+ staining increased in accordance with
increasing tumor stage and risk group: 25.0% in stage I, 37.5%
in stage II, 43.8% in stage III, and 80.6% in stage IV patients
(p=0.001); 29.2% in low-risk, 42.9% in intermediate-risk, and
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Table 3. Summary of clinical and molecular characteristics of relapsed patients
Patient
No.
4
6
23
27
28
31
33
37
38
47
50
67
72
75
76
81

Sex

Age at
diagnosis (yr)

M
M
M
M
M
M
F
F
F
M
M
M
M
F
F
M

3.2
9.8
12.2
1.5
7.0
7.6
5.3
0.5
3.6
4.6
2.0
3.3
2.3
1.9
2.7
4.4

INSS
MYCN
ALK
stage amplification IHC
IV
III
IV
IV
III
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV

–
–
–
–
–
–
NA
+
–
–
+
–
+
+
–
–

–
–
+
+
–
+
+
+
+
+
+
+
+
+
+
+

ATRX
IHC

TERT
IHC

No loss
No loss
Loss
No loss
No loss
No loss
No loss
No loss
Loss
Loss
No loss
No loss
No loss
No loss
No loss
No loss

–
+
+
–
+
–
–
+
–
+
+
+
–
–
–
+

Time to Outcome/Survival time
relapse (mo)
from relapse (mo)
45.1
42.5
46.5
83.7
11.8
32.8
21.4
3.4
27.9
25.9
18.8
27.5
9.0
15.6
13.5
13.2

AWD, 90.4
DOD, 42.0
DOD, 55.2
AWD, 1.0
DOD, 3.7
DOD, 20.4
DOD, 1.9
DOD, 1.2
DOD, 55.3
DOD, 5.6
DOD, 25.5
AWD, 17.4
DOD, 5.8
DOD, 4.3
DOD, 1.8
DOD, 2.2

INSS, International Neuroblastoma Staging System; ALK, anaplastic lymphoma kinase; IHC, immunohistochemistry; ATRX,
alpha thalassemia/mental retardation syndrome X-linked; TERT, telomerase reverse transcriptase; M, male; AWD, alive with
disease; DOD, died of disease; F, female; NA, not assessable.

88.9% in high-risk (p < 0.001). There was no difference in
patient age between ALK– and ALK+ patients (3.0±3.9 years
vs. 3.1±3.2 years, p=0.88). Samples from all patients with
MYCN amplification showed ALK+ staining by IHC. ALK+
staining was not associated with loss of nuclear ATRX protein
or TERT protein expression.
The relapse rate was significantly higher in ALK+ patients
compared to that of other patients (47.5% vs. 11.3%, p=0.007)
(Fig. 3A). However, most of the relapsed patients were highrisk patients, and only three patients in high-risk group
showed ALK negativity. When the survival analysis was confined to the high-risk patients, there was no significant difference in relapse rate (Fig. 3B). In the multivariate analysis using
ALK expression and risk group as variables, only the risk
group retained the prognostic significance (p=0.003).
3. ALK amplification and mutation
ALK amplification was evaluable in 65 patients, but amplification was not observed in any of them. ALK mutation studies were carried out for 49 patients whose tumor samples were
sufficient for DNA extraction. DNA sequencing of ALK
revealed two missense mutations (F1174L and R1275Q) in two
patients (Nos. 47 and 75). Sequence analyses of the constitutional DNA from peripheral blood showed that both were
somatically acquired mutations.

One patient (No. 47) who carried a R1275Q mutation was a
4.6-year-old male who was diagnosed with INSS stage IV,
MYCN–non-amplified neuroblastoma originating from the
adrenal medulla with bone, bone marrow, and lymph node
metastasis. ALK IHC results were positive. Even after induction chemotherapy, a significant decrease in tumor volume
was not achieved, indicating stable disease. High dose
chemotherapy and autologous peripheral blood stem cell
transplantation (HDCT/aPBSCT) could not be administered
because of persistent bone marrow involvement. The patient’s
chemotherapy regimen was changed several times, but the
disease progressed and the patient eventually died of disease
2.6 years after the initial diagnosis.
The patient (No. 75) with the F1174L ALK mutation was a
1.9-year-old girl who was diagnosed with poorly differentiated neuroblastoma with MYCN amplification. ALK+ staining
was determined by IHC. The INSS stage was stage IV with
bone, bone marrow and supraclavicular lymph node metastasis. After induction chemotherapy, tandem HDCT/aPBSCT
was performed, followed by radiotherapy to the primary site
and interleukin-2/isotretinoin treatment. The patient relapsed
3 months after the second HDCT/aPBSCT and died of disease
which had rapidly progressed despite the salvage chemotherapy.
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4. Loss of nuclear ATRX protein

TERT expression

Loss of nuclear ATRX protein

MYCN amplification

ALK expression

Risk group
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Low risk

Positive
Negative
Not done

Stage I
Stage II
Stage III
Stage IV
Stage IVs

ATRX expression was evaluable in 69 tumor samples. Nine
patients (13.0%) showed loss of nuclear ATRX protein. The
clinical and molecular characteristics of these nine patients are
summarized in Table 4. MYCN amplification was not
observed in any of them.
Among these nine patients, four patients had stage IV disease and belonged to high-risk group. All of these patients
were older than 3 years of age; two were older than 10 years
of years. Three of these patients relapsed, and the time to
relapse from diagnosis were 25.9, 27.9, and 46.5 months
respectively. Two of them (Nos. 23 and 38) survived for more
than 4 years after relapse with an indolent disease course.
Unexpectedly, five patients with stage I-III neuroblastoma
(low- to intermediate-risk group) showed loss of nuclear
ATRX protein, and all of them are alive to date without disease.

Relapse

High risk

Intermediate risk

5. TERT protein expression
TERT protein expression was evaluable in 71 tumor samples, and samples from 42 patients (59.2%) showed TERT+
staining. The incidence of TERT expression did not differ
according to tumor stage or risk group: 50% in stage I, 62.5%
in stage II, 68.8% in stage III, and 56.7% in stage IV patients;
54.2% in low-risk, 71.4% in intermediate-risk, and 53.8% in
high-risk patients. TERT+ patients were younger than other
patients, but this was not statistically significant (2.2±2.7 years
vs. 4.1±4.3 years, p=0.052). TERT expression was not associated with MYCN amplification, loss of nuclear ATRX protein
or ALK protein expression.
The relapse rate was slightly higher in TERT– patients compared with TERT+ patients, albeit without statistical significance (45.5% vs. 21.5%, p=0.240) (Fig. 4A). When the survival
analysis was limited high-risk patients, the results were similar
to the survival analysis for all patients (75.6% vs. 49.2%,
p=0.457) (Fig. 4B).

Discussion

Fig. 1. Summary of clinical and molecular characteristics.
Stages, results of molecular study and clinical outcomes
were summarized. ALK, anaplastic lymphoma kinase;
ATRX, alpha thalassemia/mental retardation syndrome
X-linked; TERT, telomerase reverse transcriptase; INSS,
International Neuroblastoma Staging System.
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In this study, ALK mutation and amplification, ALK protein expression, loss of the nuclear ATRX protein, and TERT
protein expression were studied to investigate potential correlations between these molecular characteristics and clinical
features or outcomes in neuroblastoma. ALK mutation was
found in a small population. No ALK amplification was
observed in this group, but ALK expression was observed in
a significant number of patients and ALK positivity was cor-
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A

B

C

Fig. 2. Representative photographs of immunohistochemical staining. Photographs of slides with anaplastic lymphoma
kinase positivity (A), loss of nuclear alpha thalassemia/mental retardation syndrome X-linked protein (B), and telomerase
reverse transcriptase positivity (C) were illustrated.
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All patients

1.0

1.0

ALK positive
ALK negative

ALK positive
ALK negative

0.8

0.6

Relapse rate

Relapse rate

0.8

B

High-risk patients

47.5% (n=38)

0.4

71.0% (n=23)

0.6
0.4

33.3% (n=3)

0.2
0

0.2

11.3% (n=31)
p=0.007

0

2

4
6
8
Years from diagnosis

10

12

0

p=0.319

0

2

4
6
8
Years from diagnosis

10

12

Fig. 3. Association of anaplastic lymphoma kinase (ALK) expression with relapse rate. (A) The relapse rate was significantly
higher in ALK+ patients compared with ALK– patients. (B) The relapse rate of ALK+ patients tended to be higher compared
with that of ALK– patients with stage III-IV disease.

related with advanced stage and high-risk group. Loss of
ATRX protein was observed in two different populations.
The oncogenic potential of ALK has been demonstrated by
several in vitro and in vivo studies. Previous reports showed
that neuroblastoma-derived cell lines harboring mutated
ALK alleles exhibit constitutive ALK phosphorylation [9,10].
The F1174L and R1275Q variants possess the capacity to
induce cytokine-independent growth in IL-3–dependent
murine hematopoietic Ba/F3 cells, and two human neuroblastoma cell lines harboring the F1174L mutation have been
shown to be sensitive to the inhibitor [8]. In a subsequent
study, cell lines harboring F1174L-mutated ALK were relatively resistant to crizotinib showing differential inhibitor

sensitivity [19], and this resistance was overcome by more
potent inhibitor [20]. Taken together, these findings mean
that the susceptibility to the inhibitor varies depending on
the type of mutation and the drug.
ALK expression in neuroblastoma has also been investigated in a number of studies. Overexpression of ALK has
been known in various cancers such as thyroid carcinoma,
non-small cell lung cancer, breast cancer, melanoma, neuroblastoma, glioblastoma, astrocytoma, retinoblastoma, Ewing
sarcoma and rhabdomyosarcoma [21]. In childhood cancer,
there have been studies on ALK expression in rhabdomyosarcoma. ALK positivity in rhabdomyosarcoma was reported up to 45%, and it was related to the alveolar subtype,
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Table 4. Summary of clinical and molecular characteristics of patients with complete or partial loss of nuclear ATRX protein
Patient
No.
13
17
86
21
26
23
38
39
47

Age (yr)

INSS
stage

MYCN
amplification

ALK
IHC

ATRX
IHC

TERT
IHC

Outcome

1.3
1.9
12.9
0.2
2.2
12.2
3.6
10.8
4.6

I
I
I
II
III
IV
IV
IV
IV

–
–
–
–
–
–
–
–
–

–
–
+
–
–
+
+
+
+

Loss
Loss
Loss
Loss
Loss
Loss
Loss
Loss
Loss

+
+
–
+
+
+
–
–
+

NED
NED
NED
NED
NED
DOD
DOD
NED
DOD

ATRX, alpha thalassemia/mental retardation syndrome X-linked; INSS, International Neuroblastoma Staging System; ALK,
anaplastic lymphoma kinase; IHC, immunohistochemistry; TERT, telomerase reverse transcriptase; NED, no evidence of disease.
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All patients

1.0

1.0

TERT negative
TERT positive

0.8

B

High-risk patients
TERT negative
TERT positive

0.8
Relapse rate

Relapse rate

75.6% (n=12)

0.6
45.5% (n=29)

0.4
0.2
0

p=0.240

2

4
6
8
Years from diagnosis

49.2% (n=13)

0.4
0.2

21.5% (n=42)

0

0.6

10

12

0

p=0.457

0

2
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6
8
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Fig. 4. Association of telomerase reverse transcriptase (TERT) expression with relapse rate. The relapse rate was slightly
higher in TERT– patients compared with TERT+ patients, but this was not statistically significant. (A) All patients. (B) Stage
III-IV patients.

FOXO1 gene rearrangement, presence of metastasis and poor
outcome [22,23]. Despite studies of ALK expression in various cancer, its mechanism in the pathogenesis of these cancers is unclear. Irrespective of the mechanism, the functional
consequences of ALK expression has been investigated in
several studies. Passoni et al. [24] observed aberrant ALK
phosphorylation not only in a cell line carrying the R1275Q
mutation but also in a high ALK-expressing cell line carrying
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a wild-type ALK gene. Furthermore, they found that a small
molecule inhibitor targeting ALK exerted a potent cytotoxic
effect on the high-ALK expressing wild-type cells [24]. In one
study investigating transcriptomic characteristics, high-ALK
expressing neuroblastoma showed similar global gene
expression patterns to neuroblastoma with mutated ALK
[25]. The molecular mechanism responsible for ALK overexpression needs further study including investigation of post-
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transcriptional modifications, but these findings suggest a
positive correlation between ALK abundance and constitutive ALK activation.
The correlation between ALK IHC expression and clinical
characteristics or treatment outcome in neuroblastoma has
been evaluated in two previous studies. In one study by Passoni et al. [24], strong ALK protein expression was found up
to 77% of advanced neuroblastoma, and it was significantly
up-regulated in advanced/metastatic compared with localized neuroblastoma. In this study, overexpression of either
mutated or wild-type ALK was defined as a poor prognosic
factor, but clinical stage or risk group were not considered
in the survival analysis. In the other studies by Duijkers et
al. [26], ALK protein expression was more frequent in
advanced stage neuroblastoma, but it was not related to the
risk group showing ALK positivity in only 52% of the highrisk patients. In this study, higher percentages of ALK positive cells in patient samples correlated with inferior survival
in univariate and multivariate analyses with established
prognostic factors, such as stage, age, and MYCN status. In
our present study, the incidence of ALK positivity was
strongly correlated with both clinical stage and risk group.
Even though there was a correlation between ALK positivity
and poor survival in the analysis with all patients, but there
was no prognostic value of ALK positivity when the survival
analysis was confined to the high-risk patients. These findings suggest that ALK protein expression could be a marker
related to the aggressive neuroblastoma, but it was not the
independent prognostic factor for the outcome.
In this study, ALK mutations were found in two of 49
patients (4.1%), and ALK amplification was not observed.
The incidence of ALK mutations was relatively lower compared to that in previous reports, but this can be partly
attributed to the method of detection. In this study, only
three exons harboring mutational hotspots were investigated
using PCR and direct sequencing. On the other hand, ALK
expression was observed in 40 patients (55.6%), and it was
more frequently observed in advanced stage and high-risk
neuroblastoma. Along with the previous studies, these findings suggest a possible role for ALK expression in the pathogenic mechanism of aggressive neuroblastoma, indicating
the importance of elevated ALK expression irrespective of
ALK mutation or amplification [24,25]. Relapsed or refractory
neuroblastoma has a dismal prognosis and there is no effective treatment option to date. Molecular targeted therapy
could be one option for this group of patients, but mutation
at the ALK locus has been found in a limited number of cases,
and the incidence of focal amplification is also very low.
There are preclinical evidences that high ALK-expressing cell
line exhibit ALK activation, and small molecule inhibitor
exerted a cytotoxic effect on the high-ALK expressing wildtype cells [24]. Therefore, ALK-targeted therapy could be con-

sidered as one of the therapeutic strategy for neuroblastoma
patients with an elevated level of expression of either wildtype or mutated ALK especially in the relapsed or refractory
setting. The validity of this strategy needs to be confirmed
by clinical study.
In this study, all of the patients with MYCN amplification
were also positive for ALK expression, as determined by
IHC. A correlation between ALK and MYCN in neuroblastoma has been investigated in a few studies. Schonherr et al.
[27] showed that ALK activity was important in the initiation
of MYCN transcription and that MYCN gene transcription
was eliminated with the use of a specific ALK inhibitor. This
ALK-induced transcription of MYCN was found to be mediated by extracellular signal-regulated kinase 5 in a recently
published study [28]. These findings support the results of
this study that all of the MYCN-amplified neuroblastoma
patients had ALK protein expression.
The association between telomere length and tumor prognosis has been studied in various types of cancer. In neuroblastoma, telomere length itself was studied as a significant
prognostic parameter in a study showing that short telomeres were predictive of a favorable prognosis, whereas long
or unchanged telomeres were predictive of poor outcome
[29]. Recently, telomerase activation by genomic rearrangement in the region of proximal of the TERT gene was reported in neuroblastoma, and this rearrangement defined a
subgroup of high-risk tumor with particularly poor outcome
[15,16]. In these studies, TERT rearrangements were associated with increased TERT mRNA expression and upregulated enzymatic telomerase activity. In our study, TERT
expression was assessed by IHC staining and TERT expression appeared to be inversely correlated with survival, but
there was no statistically significance, and further study is
needed to draw any conclusion.
A non-telomerase-dependent mechanism of telomere
maintenance is ALT. A recent study has documented that
ATRX is lost in 90% of in vitro immortalized cell lines with
ALT [30]. ATRX acts as a suppressor of the ALT pathway,
and mutation of ATRX is correlated with cancer cell survival
through the ALT pathway. In the first report describing
ATRX in neuroblastoma [14], ATRX mutations were found
in 44% of tumors from adolescent and young adult patients
with metastatic neuroblastoma, and in none of the tumors
from infants with metastatic neuroblastoma. The children
whose tumors had ATRX mutations were typically older
than 5 years of age or had a chronic or indolent course of disease. The ATRX mutations were mutually exclusive of
MYCN amplification, and associated with loss of the nuclear
ATRX protein, longer telomeres, and ALT [14]. In our study,
ATRX expression was assessed by IHC staining. Unlike the
previous report that evaluated ATRX in only metastatic neuroblastoma [14], ATRX expression was studied in all of the
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patients in this study. Nine patients (13.0%) displayed loss
of nuclear ATRX protein, and none of them had MYCN
amplification, similar to the previous study. Among the four
stage IV patients, two patients were older than 10 years of
age at diagnosis, and showed a very indolent disease course
with late relapse and survival for longer than 4 years after
the relapse. Interestingly, loss of ATRX protein was found
not only in stage IV patients, but also in five patients with
stage I-III neuroblastoma. These lower-stage patients were
younger than the stage IV patients, and the youngest patient
was 0.2 years of age. This finding suggests that there may be
two different populations with loss of ATRX protein:
(1) older patients showing an indolent disease course, and
(2) young children with lower stage with a better prognosis.
Additional research is needed on the meaning of the loss of
ATRX protein in young patients.
One thing to consider in our study is that TMA slides were
used for IHC and FISH studies. TMA preparation is a convenient method for various molecular studies, but it may not
exactly reflect the nature of the actual tumor. To minimize
this effect, the pathologist reviewed the original slide and
produced a TMA slide as a representative part. One of the
other limitations is that conventional PCR and Sanger
sequencing were used for mutation analysis, and only three
exons were examined. Considering the tumor heterogeneity

and the sensitivity of the test, the mutation frequency could
be actually higher than the results of this study when the
ALK gene is examined using the next generation sequencing
technique.
In summary, although ALK mutation was rare and no
amplification was observed, ALK protein expression was
found in a significant number of patients and was correlated
with advanced stage and high-risk neuroblastoma. ALK protein expression could be considered as a marker related to
the aggressive neuroblastoma, but it was not the independent prognostic factor for the outcome. Loss of ATRX protein
was observed in two different populations, and further study
is required to determine the meaning of ATRX loss in neuroblastoma.
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Purpose
This study was conducted to validate the prognostic influence of treatment response among
patients with positive circumferential resection margin for locally advanced rectal cancer.
Materials and Methods
Clinical data of 197 patients with positive circumferential resection margin defined as  2 mm
after preoperative chemoradiotherapy followed by total mesorectal excision between 2004
and 2009 were collected for this multicenter validation study. All patients underwent median
50.4 Gy radiation with concurrent fluoropyrimidine based chemotherapy. Treatment response
was dichotomized to good response, including treatment response of grade 2 or 3, and poor
response, including grade 0 or 1.
Results
After 52 months median follow-up, 5-year overall survival (OS) for good responders and poor
responders was 79.1% and 48.4%, respectively (p < 0.001). In multivariate analysis, circumferential resection margin involvement and treatment response were a prognosticator
for OS and locoregional recurrence-free survival. In subgroup analysis, good responders
with close margin showed significantly better survival outcomes for survival. Good responders with involved margin and poor responders with close margin shared similar results,
whereas poor responders with involved margin had worst survival (5-year OS, 81.2%, 57.0%,
50.0%, and 32.4%, respectively; p < 0.001).
Conclusion
Among patients with positive circumferential resection margin after preoperative chemoradiotherapy, survival of the good responders was significantly better than poor responders.
Subgroup analysis revealed that definition of positive circumferential resection margin may
be individualized as involvement for good responders, whereas  2 mm for poor responders.

*A list author’s aliations appears at the end
of the paper.
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Margins of excision, Treatment response
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Introduction
Positive circumferential margin (CRM) is known to be one
of the strongest prognostic factor in locally advanced rectal
cancer [1,2]. Although total mesorectal excision (TME) have
dramatically decreased the risk of residuum, the prognosis
of the patients with positive CRM after standard preoperative chemoradiotherapy (CRT) and TME is still far from satisfactory [3,4].
Although the prognostic impact of CRM is well appreciated [1,2], the definition of positive CRM have been controversial ranging from margin involvement (0 mm) to 2 mm’s
[1,3,5,6]. However, various clinical factors, which would
influence both prognosis and treatment decision, were not
incorporated in the definition of positive CRM. Moreover,
the patients with positive CRM have been considered as a
relatively homogenous group having a poor prognosis with
very low chance of cure. In the era of the precision oncology,
approach to positive CRM should be individualized incorporating various relevant factors and diverse clinical settings
[3,4,7-9].
Although, there are studies looking into the prognostic
impact of treatment response in rectal cancer [10-12], this
impact might be different depending on the risk of residual
disease near CRM [10]. For the prognostic impact and definition of positive CRM, the clinical value of the treatment
response has not been elucidated in the previous studies.
Authors have previously reported that the clinical impact
of positive CRM might be different according to the degree
of treatment response after preoperative CRT and long-term
survival might be warranted for good responders despite
positive CRM [7]. Retrospective multicenter study was
launched through Korean Radiation Oncology Group
(KROG) to investigate the relationship between the prognostic effect of positive CRM and the treatment response after
preoperative CRT.

Materials and Methods
1. Hypothesis and sample size
We hypothesized that the prognostic effect and definition
of positive CRM may be different according to treatment
response. To validate the hypothesis, statistical power was
calculated to detect the prognostic effect of treatment
response. Reported overall survival (OS) for clinical stage II
or III rectal cancer patients with negative CRM is 80%,
whereas that of patients with positive CRM is 60% [3,7,8].

Thus, survival for good responders was set at 80%, whereas
that for poor responders was set at 60%. With detection
power at 10% in one-tailed test with 10% drop-out rate, calculated sample size was 196 patients. Primary end-point was
OS, and secondary end-points were disease-free survival
(DFS), locoregional recurrence-free survival and distant
metastasis-free survival. This trial was registered at http://
www.KROG.or.kr (protocol number 13-01).
2. Eligibility
Eligibility criteria were as follows: before CRT: (1) histologically confirmed rectal adenocarcinoma, (2) cT3-4 or cN12 classification, (3) no distant metastasis, and (4) no prior
treatment; CRT: (5) preoperative conventionally fractionated
CRT and (6) treatment initiated between January 2004 and
December 2009; after CRT: (7) curative TME, (8) CRM
 2 mm. Exclusion criteria were as follows: (1) non-adenocarcinoma histology, (2) distant metastasis detected prior to
preoperative treatment, (3) unresected synchronous colon
malignancy, (4) CRT to surgery interval longer than 3
months, (5) gross residuum, and (6) local excision for primary lesion. Institutional review board approval was
obtained from KROG and at each participating institution.
Collected data were transferred to the KROG Data Management Center (National Cancer Center, Goyang, Korea) for
analysis.
3. Evaluation
The following data were collected from each patient: age,
gender, Eastern Cooperative Oncology Group (ECOG) performance status, distance from the anal verge to the caudal
tumor edge, pretreatment clinical TNM classification, pretreatment and post-treatment carcinoembryonic antigen
(CEA) level, radiotherapy date and dose, chemotherapy regimens and dose, surgery date and method, postoperative
pathologic stage, CRM distance, lymphatic/vascular/perineural invasion, pathologic response to preoperative CRT,
postoperative adjuvant treatment, date and site of relapse,
and status at last follow-up.
Initial clinical staging was based on colonoscopy, computed tomography of abdomen and pelvis, magnetic resonance imaging of pelvis with or without endorectal ultrasonography, and computed tomography of chest. Whole
body 18F-fluorodeoxyglucose positron emission tomography
was performed per discretion. Pretreatment clinical and postCRT pathologic stages were reviewed on registration and
were determined according to the American Joint Committee
on Cancer TNM staging system, seventh edition [13].
The pathologic responses were categorized into 4 tiers as
reported previously [14]. Grade 0 was defined as no evidence
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Table 1. Patient and treatment characteristics
Characteristic
Age (yr)
Sex
Male
Female
ECOG
0
1
2-3
Clinical T classification
T2
T3
T4
Clinical N classification
N (–)
N (+)
Distance from anal verge (cm)
2
> 2 and  7
>7
Pretreatment CEA
Normal ( 5 ng/mL)
Elevated (> 5 ng/mL)
Radiation dose (Gy)
Concurrent chemotherapy regimen
5-FU
Capecitabine
Tegafur/Uracil
Capecitabine/Irinotecan±Erbitux
Type of surgery
Sphincter preservation surgery
Abdominoperineal resection
ypT classification
Tis-T2
T3
T4
ypN classification
N0
N1
N2
ypStage
0 (is)
I
II
III
CRM (mm)
0
0.1-1.0
1.1-2.0

(Continued to the next page)
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Good respondersa)
(n=125)

Poor respondersb)
(n=68)

59 (33-83)

59 (27-83)

79 (63.2)
46 (36.8)

48 (70.6)
20 (29.4)

0.301

56 (44.8)
67 (53.6)
2 (1.6)

35 (51.5)
31 (45.6)
2 (2.9)

0.508

2 (1.6)
110 (88.0)
13 (10.4)

2 (2.9)
56 (82.4)
10 (14.7)

0.540

28 (22.4)
97 (77.6)

8 (11.8)
60 (88.2)

0.070

22 (17.6)
87 (69.6)
16 (12.8)

7 (10.3)
49 (72.1)
12 (17.6)

0.314

33 (49.3)
34 (50.7)
50.4 (44-4)

0.262

90 (72.0)
19 (15.2)
1 (0.8)
15 (12.0)

47 (69.1)
10 (14.7)
4 (5.9)
7 (10.3)

0.207

89 (71.2)
36 (28.8)

51 (75.0)
17 (25.0)

0.572

24 (19.2)
93 (74.4)
8 (6.4)

2 (2.9)
57 (83.8)
9 (13.2)

0.003

71 (56.8)
40 (32.0)
14 (11.2)

21 (30.9)
26 (38.2)
21 (30.9)

< 0.001

1 (0.8)
20 (16.0)
53 (42.4)
51 (40.8)

0(
1 (1.5)
20 (29.4)
47 (69.1)

< 0.001

8 (6.4)
60 (48.0)
57 (45.6)

24 (35.3)
27 (39.7)
17 (25.0)

< 0.001

71 (57.7)
52 (42.3)
50.4 (44-54)

p-valuec)
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Table 1. Continued
Characteristic
Downstaging
Yes
No
Lymphatic invasion
Yes
No
Not evaluated
Vascular invasion
Yes
No
Not evaluated
Perineural invasion
Yes
No
Not evaluated
Adjuvant treatment
Chemotherapy
Chemoradiotherapy
Radiotherapy
Observation
Adjuvant chemotherapy/Chemoradiotherapy regimen
5-FU
Capecitabine or tegafur/Uracil
5-FU+oxaliplatin/Irinotecan

Good respondersa)
(n=125)

Poor respondersb)
(n=68)

p-valuec)

58 (46.4)
67 (53.6)

19 (27.9)
49 (72.1)

0.009

26 (20.8)
98 (78.4)
1 (0.8)

30 (44.1)
38 (55.9)

0.001

18 (14.4)
103 (82.4)
4 (3.2)

31 (45.6)
37 (54.4)

< 0.001

40 (32.0)
81 (64.8)
4 (3.2)

36 (52.9)
32 (47.1)

0.007

113 (90.4)
4 (3.2)
1 (0.8)
7 (5.6)

62 (91.2)
1 (1.5)
0(
5 (7.4)

0.736

89 (71.2)
19 (15.2)
9 (7.2)

41 (60.3)
8 (11.8)
14 (20.5)

0.801

Values are presented as median (range) or number (%). ECOG, Eastern Cooperative Oncology Group; CEA, carcinoembryonic
antigen; 5-FU, 5-fluorouracil; CRM, circumferential resection margin. a)Treatment response grade 2 or 3, b)Treatment response
grade 0 or 1, c)Chi-square test.

of radiation-related changes (fibrosis, necrosis, vascular
change), no regression. Grade 1 was defined as dominant
tumor mass with obvious radiation-related changes, minimal
regression. Grade 2 was defined as dominant radiationrelated changes with residual tumor, moderate regression.
Grade 3 was defined as microscopic residual tumor in
fibrotic tissue, near total regression.
To evaluate the prognostic effect of treatment response in
the present study, patients were arbitrarily divided into two
subgroups. Good responder was defined as patients with
pathologic response of grade 2 or 3, whereas poor responder
was defined as patients with grade 0 or 1.

locoregional recurrence-free survival (LRFS), and distant
metastasis-free survival (DMFS) were calculated as the interval from the first day of the treatment to the date of any
recurrent disease detection, locoregional relapse detected in
pelvic cavity, and distant metastasis detection, or death,
whichever occurred first, respectively.
Kaplan-Meier method was used for survival curve, logrank test for univariate survival comparisons, and Cox proportional hazards model backward stepwise selection
procedure for multivariate analyses. Chi-square test was
used for comparison of parameters between the subgroups.
p < 0.05 was considered statistically significant. SPSS ver. 19
(SPSS Inc., Chicago, IL) was used for all statistical analyses.

4. Statistical analysis
OS was defined as the time from the first day of treatment
to the date of death from any cause, with survivors being
censored at the time of the last follow-up. Similarly, DFS,
VOLUME 50 NUMBER 2 APRIL 2018
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A

1.0

0.8

0.6
0.4

p < 0.001

0.2

20

0.6
0.4
p < 0.001

0.2

Good responder
Poor responder

0

Survival probability

Survival probability

0.8

0

B

1.0

40

60

0

Good responder
Poor responder

0

20

Time (mo)

40

60

Time (mo)

Fig. 1. Survival curve according to treatment response. Good responders, treatment response of grade 2 or 3; poor responders,
grade 0 or 1. (A) Overall survival. (B) Locoregional recurrence-free survival.

Results
1. Patient population
In total, data of 197 patients were collected from the database of seven participating cancer centers. Four patients were
excluded due to following reasons. Three patients had CRM
over 2 mm, and one patient had preoperative treatment stage
cT2N0M0. Thus, 193 patients were analyzed (Table 1).
2. Treatments
Preoperative radiotherapy dose ranged from 44 to 54 Gy
(median, 50.4 Gy) with 1.8-2.0 Gy per fraction. All patients
underwent concurrent chemotherapy with radiation, consisting of a 5-fluorouracil–based regimen (n=137), capecitabinebased regimen (n=51), and tegafur/uracil (n=5). TME was
performed 4-12 weeks (median, 7.1 weeks) after preoperative
CRT. Sphincter preservation surgery and abdominoperineal
resection were performed in 140 (72.5%) and 53 (27.5%)
patients, respectively.
Postoperative treatment was chemotherapy alone (90.4%),
radiotherapy alone (0.8%), CRT (3.2%), and observation (5.6%)
for good responders, whereas chemotherapy alone (91.2%),
CRT (1.5%), and observation (7.4%) for poor responders. The
distribution of postoperative treatment and postoperative
chemotherapy regimen according to treatment response was
not statistical significant (p=0.736 and p=0.801, respectively).
In patients with involved CRM (n=32), postoperative treat-

510

CANCER RESEARCH AND TREATMENT

ment was chemotherapy alone (93.8%), and observation
(6.2%). In patients with close CRM (n=161), postoperative
treatment was chemotherapy alone (90.1%), radiotherapy
alone (0.6%), CRT (3.1%), and observation (6.2%). The distributions of postoperative treatment and postoperative
chemotherapy were also not significantly different according
to CRM status (p=0.745 and p=0.904, respectively).
3. Pathologic findings
The ypT classification was ypTis in one patient (0.5%), ypT1
in two (1.0%), ypT2 in 23 (11.9%), ypT3 in 150 (77.8%), and
ypT4 in 17 (8.8%). The ypN classification were ypN0 in 92
patients (47.7%), ypN1 in 66 (34.2%), and ypN2 in 35 (18.1%).
CRM was involved (0 mm) in 32 patients (16.6%), 0.1-1.0 mm
in 87 (45.1%), and 1.1-2.0 mm in 74 (38.3%). T downstaging
was found in 33 patients (17.1%). Treatment response was
grade 0 in eight patients (4.1%), grade 1 in 60 (31.1%), grade 2
in 113 (58.5%), and grade 3 in 12 (6.2%). Thus, the number of
good responders and poor responders was 125 and 68, respectively.
The preoperative and treatment factors were not related to
treatment response (Table 1). Distribution of pretreatment factors including age, sex, ECOG, cT, cN, distance from anal
verge, and pretreatment CEA, interval from CRT to surgery
were not significantly different between two groups. However, advanced ypT and ypN were more frequent among the
poor responders. Involved CRM, lymphatic invasion, and vascular invasion were significantly related to poor response.
CRM involvement was not related to distance from anal

Joo Ho Lee, Response and Margin for Rectal Cancer

Table 2. Univariate analysis of factors affecting clinical outcome

Age (yr)
< 60
 60
Sex
Male
Female
ECOG score
0
1
2-3
Clinical T classification
T2/3
T4
Clinical N classification
N (–)
N (+)
Distance from anal verge (cm)
2
> 2 and  5
>5
Pretreatment CEA (ng/mL)
5
>5
Chemotherapy
5-Fluorouracil
X, X+irinotecan±E
Tegafur/Uracil
Type of surgery
LAR
APR
Response
0/1
2/3
ypT classification
Tis/T1/T2
T3
T4
ypN classification
N0
N1
N2
Downstage
Yes
No
CRM distance (mm)
0
0.1-1.0
1.1-2.0

No.

5-Year
OSa)

102
91

69.5
67.2

0.476

45.3
56.7

0.174

60.6
62.9

0.960

49.8
58.3

0.238

127
66

61.5
80.7

0.001

45.3
59.8

0.027

54.4
74.9

0.002

48.5
63.7

0.014

91
98
4

72.9
65.8
25.0

0.003

55.2
48.1
0.0

0.083

67.4
57.4
25.0

0.008

57.6
52.3
0.0

0.101

170
23

69.4
64.7

0.219

51.1
47.8

0.434

62.8
56.2

0.220

54.3
52.2

0.405

36
157

77.0
66.4

0.204

72.0
45.3

0.007

71.2
58.5

0.098

71.5
49.5

0.019

50
89
54

73.5
68.2
63.7

0.281

65.0
45.8
44.4

0.046

68.4
59.9
58.3

0.251

67.0
48.4
49.7

0.074

104
86

71.9
64.6

0.228

55.4
44.3

0.147

66.8
55.7

0.097

58.0
48.5

0.232

137
51
5

64.6
77.5
80.0

0.517

45.6
62.4
60.0

0.285

56.3
69.6
80.0

0.263

50.1
63.8
60.0

0.336

140
53

70.9
62.1

0.375

52.3
46.0

0.501

63.9
55.8

0.289

56.7
46.0

0.234

68
125

48.4
79.1

< 0.001

30.8
61.1

< 0.001

40.3
73.2

< 0.001

34.1
63.9

< 0.001

26
150
17

100.0
66.0
45.4

< 0.001

76.9
49.1
23.5

< 0.001

88.5
61.0
29.4

< 0.001

80.8
52.0
29.4

< 0.001

92
66
35

77.1
72.6
38.1

< 0.001

65.2
47.2
17.1

< 0.001

70.9
65.5
30.6

< 0.001

67.3
51.1
22.2

< 0.001

75
118

77.1
62.8

0.026

63.9
42.0

0.003

69.5
56.6

0.035

66.4
45.6

0.004

32
87
74

29.4
73.0
72.6

< 0.001

21.9
58.4
54.1

< 0.001

30.1
65.8
68.7

< 0.001

24.6
62.3
56.3

< 0.001

p-valueb)

5-Year
DFSa)

p-valueb)

5-Year
LRFSa)

p-valueb)

5-Year
p-valueb)
DMFSa)

(Continued to the next page)
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Table 2. Continued

Lymphatic invasion
Yes
No
Vascular invasion
Yes
No
Perinerual invasion
Yes
No
Adjuvant chemotherapy/
Chemoradiotherapy
Yes
No

No.

5-Year
OSa)

56
136

49.8
76.0

< 0.001

29.1
59.0

< 0.001

43.4
69.0

< 0.001

30.1
63.1

< 0.001

49
140

49.7
75.0

0.001

33.7
55.8

0.001

43.5
72.6

0.001

35.8
59.5

0.002

76
113

48.7
81.4

< 0.001

25.1
66.2

< 0.001

40.6
75.3

< 0.001

27.5
70.0

< 0.001

180
13

69.3
57.7

0.273

50.2
57.7

0.804

62.1
57.7

0.573

53.6
57.7

0.977

p-valueb)

5-Year
DFSa)

p-valueb)

5-Year
LRFSa)

p-valueb)

5-Year
p-valueb)
DMFSa)

OS, overall survival; DFS, disease-free survival; LRFS, locoregional-free survival; DMFS, distant metastasis-free survival;
ECOG, Eastern Cooperative Oncology Group; CEA, carcinoembryonic antigen; X, capecitabine; E, cetuximab; LAR, low
anterior resection; APR, abdominoperineal resection; CRM, circumferential resection margin. a)Values are percentages of
patients, b)Log-rank test.

Table 3. Multivariate analysis of factors affecting clinical outcome
HR (95% CI)
Sex
Performance status
Distance from AV
cN classification
ypT classification
ypN classification
Treatment response
Downstaging
CRM involvement
Lymphatic invasion
Venous invasion
Perineural invasion

OS

DFS

LRFS

DMFS

2.27 (1.17-4.42)
2.23 (1.39-3.56)
NS
NS
1.87 (1.09-3.19)
NS
3.35 (1.66-6.76)
NS
NS
2.45 (1.42-4.22)

NS
NS
1.92 (1.01-3.67)
NS
NS
NS
NS
2.89 (1.71-4.90)
NS
NS
2.50 (1.60-3.93)

1.81 (1.02-3.20)
NS
NS
NS
1.99 (1.24-3.19)
NS
2.66 (1.44-4.92)
NS
NS
2.77 (1.72-4.46)

NS
NS
NS
1.65 (1.02-2.66)
NS
NS
2.53 (1.46-4.38)
1.71 (1.07-2.75)
NS
2.27 (1.46-4.38)

HR, hazard ratio; CI, confidence interval; OS, overall survival; DFS, disease-free survival; LRFS, locoregional-free survival;
DMFS, distant metastasis-free survival; NS, not significant; -, exclusion from Cox proportional hazard model during backward stepwise selection procedure; AV, anal verge; CRM, circumferential resection margin.

verge and type of surgery (p=0.199 and p=0.817). However,
the advanced cT was significantly related to the involvement
of CRM (p=0.006). In patients with involved CRM, cT stage
was cT2-3 in 23 patients (71.9%) and cT4 in nine (28.1%), while
cT2-3 and cT4 are 147 patients (91.3%) and 14 (8.7%) in patients
with non-involved CRM.
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4. Survival and prognostic factors
Median follow-up duration was 52.0 months (range, 4.0 to
113.0 months). Five-year OS, DFS, LRFS, and DMFS were
68.4%, 50.6%, 61.7%, and 53.8%, respectively.
The primary objective of the study, demonstrating a signif-
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Table 4. Subgroup analysis according to treatment response and circumferential margin status
CRM

Treatment
response

No.

5-Year
OS

Good
Poor
Good
Poor

117
44
8
24

81.2
57.0
50.0
32.4

Close
Close
Involved
Involved

p-valuea)
< 0.001

5-Year
DFS

p-valuea)

62.7
38.6
37.5
16.7

< 0.001

5-Year
LRFS
74.9
49.7
50.0
23.8

p-valuea)
< 0.001

5-Year
DMFS
65.8
41.5
37.5
19.5

p-valuea)
< 0.001

CRM, circumferential resection margin; OS, overall survival; DFS, disease-free survival; LRFS, locoregional-free survival;
DMFS, distant metastasis-free survival. a)Log-rank test.

A

1.0

0.8
Survival probability

Survival probability

0.8
0.6
0.4
CRM non-involved good responder
CRM non-involved poor responder
CRM involved good responder
CRM involved poor responder

0.2
0

B

1.0

0

20

40

0.6
0.4
CRM non-involved good responder
CRM non-involved poor responder
CRM involved good responder
CRM involved poor responder

0.2

60

Time (mo)

0

0

20

40

60

Time (mo)

Fig. 2. Subgroup analysis according to circumferential resection margin (CRM) status and treatment response. Good
responders, treatment response grade 2 and 3; poor responders, treatment response grade 0 and 1. *p < 0.05 (Kaplan-Meier
analysis). (A) Overall survival. (B) Locoregional recurrence-free survival.

icant difference in OS between good and poor responders was
met (p < 0.001; 5-year OS in good and poor responders, 79.1%
and 48.4%, respectively). For secondary end-points, good
responders also had significantly superior prognosis compared to poor responders in all studied end-points (Fig. 1).
Univariate analysis for other prognostic factors revealed that
gender, ypT, ypN, downstaging, T-downstaging, CRM distance, lymphatic invasion, vascular invasion, and perineural
invasion were significant prognostic factors for OS, DFS, LRFS,
and DMFS. In addition, ECOG class was a significant prognostic factor for OS and LRFS. Clinical N classification was significantly related to DFS and DMFS. Distance from anal verge
was a significant prognosticator for DFS (Table 2).
Although there was uneven distribution of prognostic factors for ypT, ypN, CRM involvement, downstaging, lymphatic

invasion, vascular invasion, and perineural invasion, multivariate analysis showed that treatment response was an independently significant prognostic factor for OS and LRFS
(Table 3). In addition, CRM involvement and perineural invasion were independent prognostic factors for all studied endpoints. Gender and ECOG score were independent significant
prognostic factors for OS. In addition, sex was also independently significant for LRFS, and ypN was an independently significant prognostic factor for DMFS.
5. Subgroup analysis according to treatment response and
CRM status
To further evaluate the relationship between treatment
response and CRM status, subgroup analysis according to
VOLUME 50 NUMBER 2 APRIL 2018
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A

1.0

0.8
Survival probability

Survival probability

0.8
0.6
0.4
0.2
0

B

1.0

0.4
0.2

0 risk factor
1 risk factor
2 risk factors

0

0.6

20

40

60

Time (mo)

0

0 risk factor
1 risk factor
2 risk factors

0

20

40

60

Time (mo)

Fig. 3. Subgroup analysis according to risk stratification by poor treatment response and involved margin risk factors include
the involvement of circumferential resection margin and treatment response. (A) Overall survival. (B) Locoregional recurrence-free survival. *p < 0.05 (Kaplan-Meier analysis).

given two factors was performed (Table 4). Clinical outcomes
of good responders with close CRM, which constituted over
60% in the current analysis, were far superior to other subgroups in all studied endpoints (p < 0.005). Good responders
with involved CRM showed outcomes similar to that of poor
responders with close CRM in all studied endpoints, whereas
those of poor responders with involved CRM were inferior
significantly in LRFS (p < 0.001 to non-involved CRM, and
0.048 to good responders with non-involved CRM) and OS
(p < 0.001 to non-involved CRM) (Fig. 2). Good responders
with involved CRM had a 5-year OS of 50%, compared to 32%
for poor responders with involved CRM; however, the difference was not significant (p=0.112). When patients were
re-grouped based on the risk of either poor response or
involved margin, significant difference between all subgroups
was seen for all studied end-points (p < 0.001) (Fig. 3).

Discussion
The aim of the current study was to validate the hypothesis
that the effect and definition of CRM could be different
according to treatment response [7]. To analyze clinical characteristics of patients with positive CRM, the current study
was designed to accrue homogenous cohort with positive
CRM defined as CRM  2 mm after preoperative long-course
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CRT and TME. Although there is a controversy in defining
positive CRM, CRM > 2 mm has been accepted as negative
CRM in the previous studies or guidelines [3,6]. To overcome
limitation of small sample size of the pilot study from single
institution [7], multicenter study was initiated through
KROG. From seven participating referral centers, 197
patients with relatively homogenous characteristics of positive CRM, preoperative long-course CRT, and identical
guideline for surgical pathology review were accrued.
The result showed the importance of treatment response
in understanding the impact of CRM for the patients after
preoperative CRT. There have been studies looking into the
prognostic impact of treatment response based on tumor
regression in rectal cancer [10-12,15]. However, prognostic
value in all patients had been limited to local control, and not
survival [11,12], or was not comparable to the value of
yp-classification in multivariate analysis [10,15]. Unlike the
previous studies, where all patients were included for analysis, current study focused on the patients with positive CRM.
Results showed that the treatment response was an independent and significant factor in the prognosis through the
multivariate analysis. Interestingly, yp-classifications, a powerful prognosticator in the general patients, lost the statistical
significance for OS and LRFS in the multivariate analysis.
Influence of ypN on DMFS was the only effect that yp-classification had on prognosis in current study. Patient and
treatment characteristics were not significantly different
between good and poor responders as shown in Table 1,
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except pathologic findings such as yp-classification.
Although the various well acknowledged pathologic factors
were found to carry prognostic significance in univariate
analysis, treatment response remained as the pathologic
prognostic indicator after multivariate analysis. Perineural
invasion was another exception. As positive CRM refers to a
high risk of residual disease, the aggressiveness or treatment
resistance of the possible residual tumor may be more
important than other factors, such as the level of tumor
invasion or downstaging. Therefore, it could be postulated
that treatment response plays a significant and independent
role in the outcome of patients with positive CRM.
CRM involvement, defined as clearance of 0 mm, was also
related to distinctively deteriorated outcomes, compared to
close CRM, either defined as  1 or 2 mm in the current
study. Although patients with limited clearance but without
involvement, otherwise termed close CRM, had prognosis
far worse than those with patients with sufficient clearance,
patients with involved CRM had inferior outcomes to those
with close, but non-involved CRM [3]. Despite this innate
difference, these patients were seen as a single group. Thus,
without doubt, involved CRM should be classified as positive CRM, irrespective of the other pathologic factors.
The relevant major issue that followed was optimal cut-off
point for positive CRM in various settings [1,3,5,6]. Currently
employed definitions of positive CRM uses fixed clearance,
including involvement, irrespective of individual tumor
behavior of residual microscopic disease. The issue on the
definition of positive CRM is closely related with the postoperative approach to this subgroup of patients. Various
treatment approaches, either postoperatively or preoperatively have been employed to overcome the negative impact
of positive CRM. In the previous reports, intensification of
postoperative treatment with additional radiotherapy [16,17]
failed to obtain substantial benefit after long-term follow-up.
Even though intraoperative radiotherapy is recommended
as an option to compensate for positive CRM, the evidence
to support this practice is somewhat limited in both treatment efficacy and survival benefit [18]. Likewise, except for
one study, more recent prospective series have not shown
survival benefit with more intensified chemotherapy over
standard fluoropyrimidine based chemotherapy [19-22]. One
reason, among many, may be non-individualized approach.
Some groups might be under-treated whereas the others
might be over-treated, which mixes the benefit or loss of
postoperative treatment.
In current study, the treatment response and involved
CRM were the independent and significant determinant in
the patients with the limited clearance from tumor. Reported
5-year overall survival for patients with positive CRM is
around 60% with prevalence of 30% among patients undergoing preoperative CRT. However, as shown in the current

study, even among patients with positive CRM, survival of
approximately 80% for good responders with close CRM is
more or less similar to those of patients with wide CRM in
various series [3,4,7,8]. Thus, suitable treatment strategy may
be similar to that for patients with wide CRM, and treatment
intensification based on positive CRM could be over-treatment for this subgroup. Of note is that this subgroup constituted nearly 60% of patients with positive CRM in the
current analysis. Thus, for patients with non-involved CRM,
good responders might be classified as having negative
CRM, whereas poor responders with clearance  2 mm
should be defined as having positive CRM.
Furthermore, after excluding good responders with close
CRM from the current definition of patients with positive
CRM, remaining patients could be further grouped into two
using CRM involvement and treatment response. Good
responder with involved CRM or poor responder with close
CRM are patients with one risk factor and share a 5-year OS
in the range of 50%. Those with two risks, meaning poor
responder with involved CRM, are distinctive group with
worst prognosis with 5-year OS in the range of 30%, quite
similar to those with R2 resection, though they are considered to have undergone R1 resection. Thus, postoperative
treatment could be also intensified and individualized
according to the treatment response and CRM involvement
in these patients.
Although current study is hypothesis-driven, pre-designed
validation study, it is not free from its innate limitations.
First, employed chemotherapy regimens were heterogeneous, although difference in chemotherapy was not distinctly associated with survival nor was its distribution
different between the responding groups. Second, adjuvant
treatment including chemotherapy was also heterogeneous.
However, distribution of subgroup was well balanced for
adjuvant treatment nor was adjuvant treatment significant
factor for survival. Third, though present study suggests
individualized definition for positive CRM and postoperative approach based on treatment response, the optimal
individualized strategy consisting of intensified or de-intensified treatment according to treatment response could not
be postulated, due to lack of comparative group with different adjuvant strategies. Fourth, though the definition of CRM
was sought as main goal, size of subgroup for the analysis
was not incorporated in initial study design. Fifth, the outcome of good responders without involved CRM was compared to patients with wide CRM in the selected cohort and
data driven from literature review. Six, the size of the subgroup, especially, good responder with involved CRM was
too small to reach an indisputable conclusion. Thus, findings
from current study may warrant further validation at least
with larger cohort. Seventh, this was not a prospective randomized trial. Thus, not free from inherent bias. Finally,
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although detailed surgical factors including surgical technique and intraoperative findings may be related to the CRM
status, such findings were not incorporated in current analysis due to the innate limitation of initial study design.
In summary, the impact of positive CRM was different for
treatment response to preoperative CRT. In subgroup analysis segregated by response and CRM involvement, good
responders with close CRM could be a distinct subgroup
with significantly better survival similar to that of patients
with wide CRM, while poor responders with involved CRM
could be another subgroup with the worst prognosis. Definition and treatment approach for positive CRM might be
further adjusted according to treatment response and CRM
involvement.
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Purpose
The purpose of this study was to evaluate the efficacy and safety of induction chemotherapy
with docetaxel, capecitabine, and cisplatin (DXP) plus bevacizumab (BEV) on initially unresectable locally advanced gastric cancer (LAGC) or paraaortic lymph node (PAN) metastatic
gastric cancer (GC).
Materials and Methods
Patients with LAGC or unresectable PAN metastatic GC received six induction chemotherapy
cycles (60 mg/m2 docetaxel intravenously on day 1, 937.5 mg/m2 capecitabine orally twice
daily on days 1-14, 60 mg/m2 cisplatin intravenously on day 1, and 7.5 mg/kg BEV intravenously on day 1 every 3 weeks), followed by conversion surgery. The primary endpoint was
R0 resection rate.
Results
Thirty-one patients with invasion to adjacent organs but without PAN metastasis (n=14,
LAGC group) or with PAN metastasis regardless of invasion (n=17, PAN group) were enrolled
between July 2010 and December 2014. Twenty-seven patients (87.1%) completed six
chemotherapy cycles. The most common grade  3 toxicities were neutropenia (71%), neutropenia with fever/infection (22.6%/3.2%), and stomatitis (16.1%). The clinical response
and R0 resection rates were 64.3% (95% confidence interval [CI], 46.6 to 82.0) and 64.5%
(LAGC group, 71.4%; PAN group, 58.8%), respectively. The pathological complete regression
rate was 12.9%. After a median follow-up of 44.5 months (range, 39.4 to 49.7 months),
the median progression-free survival and overall survival were 13.1 months (95% CI, 8.9 to
17.3) and 38.6 months (95% CI, 22.0 to 55.1), respectively.
Conclusion
Induction chemotherapy with DXP+BEV displayed antitumor activities with encouraging R0
resection rate and manageable toxicity profiles on patients with LAGC or PAN metastatic
GC.
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Introduction
Stomach cancer is one of the leading causes of cancerrelated deaths in the world and Korea [1]. However, its
5-year survival rate has increased as a result of early diagnosis and improved treatments for gastric cancer (GC) [1]. Furthermore, recent advances in chemotherapy for metastatic or
recurrent GC treatment have contributed to the improvement in survival trends over time [2]. Additionally, multidisciplinary treatment approaches, including preoperative
(induction), postoperative (adjuvant), and perioperative
(induction plus adjuvant) therapies, have demonstrated significant survival benefits compared with surgery alone [3-7].
Although surgical resection remains the predominant curative treatment for GC, surgery is not usually utilized in the
treatment of unresectable locally advanced gastric cancer
(LAGC) or metastatic GC. However, the subgroups of
patients with LAGC or metastatic GC are substantially heterogeneous in terms of disease burden or causes for noncurable status. Although palliative chemotherapy is the standard of care for such patients, systemic chemotherapy converts unresectable diseases to potentially resectable ones in
a number of patients [8]. Considering that the achievement
of curative surgery is the most critical prognostic factor in
GC, the identification of candidates for potentially curative
surgery and determination of the best treatment strategy for
patients whose diseases were initially judged to be unresectable because of invasion to adjacent organs or distant
metastasis are very important. Previous studies have suggested that induction chemotherapy followed by surgery
could result in encouraging long-term outcomes in patients
with unresectable LAGC or distant metastasis to one site
[9-12], especially in the paraaortic lymph node (PAN).
Tumor shrinkage and downstaging, as a result of the
induction chemotherapy’s antitumor activity, are important
factors to consider in increasing the likelihood of curative
resection in patients with advanced gastric cancer (AGC). We
previously reported that administration of induction chemotherapy with docetaxel, capecitabine, and cisplatin (DXP)
led to curative surgery in a considerable proportion of
patients with unresectable LAGC or PAN metastatic GC [12].
Prior studies have also demonstrated encouraging survival
outcomes with the addition of bevacizumab (BEV, a monoclonal antibody against vascular endothelial growth factor)
to various chemotherapeutic regimens used in metastatic GC
treatment [13,14]. Although a randomized phase III Avastin
in Gastric Cancer (AVAGAST) study failed to show a statistically significant overall survival (OS) benefit with the
addition of BEV to chemotherapy as a first-line therapy for
AGC treatment, this combination resulted in significantly
increased progression-free survival (PFS) and overall res-

ponse rate (ORR) [15]. The addition of BEV to induction
chemotherapy should be considered to facilitate performance
of conversion surgery with a curative intent.
We conducted a phase II trial of induction chemotherapy
with DXP plus BEV to further improve the curative resection
rate and long-term survival of patients with initially unresectable LAGC or PAN metastatic GC.

Materials and Methods
1. Eligibility
Patients with previously untreated, human epidermal
growth factor receptor 2–negative, histologically proven gastric adenocarcinoma were considered eligible for inclusion
in the study if they met the following criteria: aged between
18 and 70 years, 0-2 Eastern Cooperative Oncology Group
performance status, adequate organ function, and initially
unresectable GC caused by local invasion to adjacent organs
(cT4b) or abdominal PAN metastasis, which is defined as
more than 10 mm enlargement in the short-axis diameter on
an abdominal/pelvic computed tomography (CT) scan with
uptake in an 18F-fluoro-2-deoxy-d-glucose (FDG) positron
emission tomography (PET) scan. We excluded patients with
histological types other than adenocarcinoma, distant metastases in sites other than PAN, presence or history of other
cancers, and definite ascites on a CT scan. The study protocol
was approved by the Institutional Review Board of the Asan
Medical Center. All procedures were followed in accordance
with the ethical standards of the responsible committee on
human experimentation (institutional and national) and the
1964 Helsinki Declaration and its later versions. Informed
consent or its substitute was obtained from all patients before
enrollment to the study (ClinicalTrials.gov identifier: NCT01471470).
2. Treatment
Based on the recommended doses determined in the previous studies, patients received 7.5 mg/kg BEV (Roche Co.,
Seoul, Korea) intravenously, 60 mg/m2 docetaxel intravenously, and 60 mg/m2 cisplatin intravenously on day 1
and 937.5 mg/m2 capecitabine orally twice daily on days
1-14 in a 3-week cycle. Prophylactic granulocyte colony-stimulating factor was not administered in this study. The
patients received a total of six induction chemotherapy cycles
with DXP plus BEV in cases where evidences of disease progression or intolerability were not observed. Subsequently,
patients underwent surgery with the intention of performing
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a D2 lymphadenectomy or extended paraaortic lymphadenectomy within 4-6 weeks after the completion of induction
chemotherapy. Surgeons performed extended paraaortic
lymphadenectomy or PAN sampling if palpable PAN were
present in the surgical field, whether or not there was
enlargement of PAN on CT scan. For patients who initially
experienced PAN metastasis, surgery was conducted only if
the PAN decreased to less than 10 mm in the short-axis
diameter on a CT scan or uptake in an FDG PET scan. Postoperative chemotherapy was administered depending on the
surgical findings and decisions of the attending physicians.
Patients who experienced disease progression during induction chemotherapy or had unresectable disease even after the
completion of induction chemotherapy were subsequently
administered with salvage chemotherapy.
3. Evaluation
The medical histories of all patients were obtained before
treatment, including the physical examination, complete
blood count (CBC) with differential, serum chemistry, electrolytes, coagulation, urinalysis, electrocardiogram, chest
X-ray, abdominal/pelvic CT scan, and esophagogastroduodenoscopy. 18F-FDG PET was performed in patients with
more than 10 mm PAN enlargement in the short-axis diameter on a CT scan. During induction chemotherapy, CBC
with differential was measured every week, whereas chemical and electrolyte assessments were conducted at each
cycle. The presence of adverse events was evaluated prior to
each chemotherapy cycle using the National Cancer Institute
Common Toxicity Criteria ver. 3.0 [16]. Dose adjustment was
performed based on the protocol. A CT scan was repeated
every two cycles to evaluate the tumor response in accordance with the Response Evaluation Criteria in Solid Tumors
ver. 1.0 [17]. Upon treatment completion, physical examination and blood tests, chest X-ray and CT scans, and esophagogastroduodenoscopy were performed every 3 months,
every 6 months, and annually, respectively. The clinical and
pathological stages were determined based on the seventh
edition of the American Joint Committee on Cancer staging
system. Furthermore, the histological data derived from
patients who underwent gastrectomy were reviewed by two
pathologists (J.H.K. and S.-J.B.). The tumor regression grades
(TRG), which were determined using primary tumor specimens, were classified into the following five groups: TRG1
(absence of residual cancer cells with fibrosis extending
through the wall), TRG2 (presence of few residual cancer
cells scattered through the fibrosis), TRG3 (at least three
residual tumor glands with predominant fibrosis), TRG4
(residual cancer outgrowing fibrosis), and TRG5 (absence of
regressive changes) [18,19]. Pathological complete regression
(pCR) was defined as TRG1 without tumor cells in the lymph
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nodes (LNs) [18,19]. Additionally, the pathological findings
of the surgical or endoscopic biopsy tissues were examined.
4. Statistical analysis
The primary endpoint was the curative R0 resection rate,
whereas the secondary endpoints were the ORR, pathological response, PFS, OS, and safety. The sample size was calculated using Fleming one-stage optimal design with the
target curative resection rate. We enrolled 31 patients assuming that P0=0.5 and P1=0.7 with =0.1 (one-sided), =0.2, and
dropout rate equal to 10%. The one sample t test was used to
assess the significance of the null hypothesis.
The OS was calculated from the first date of treatment to
the date of death from any cause. Meanwhile, the PFS was
calculated from the first date of treatment to the date of disease progression or death. PFS events were defined as disease progression during treatment with induction chemotherapy, recurrence after curative surgery, disease progression after noncurative surgery when at least stable disease
was observed at the time of induction chemotherapy completion, and death. We estimated the OS and PFS using the
Kaplan-Meier method and compared the survival outcomes
between groups through the log-rank test. Discrete data were
compared using Pearson’s chi-square and Fisher exact tests,
whereas quantitative data were compared using the MannWhitney U test. All tests were two sided, and p < 0.05 was
considered statically significant.

Results
1. Patient characteristics
Thirty-one patients with initially unresectable GC were
enrolled in the study between July 2010 and December 2014.
The patients were categorized based on the cause of GC unresectability: LAGC group, which include patients with invasion
to adjacent organs but without PAN metastasis (n=14), and
PAN group, which include patients with PAN metastasis
regardless of invasion to adjacent organs (n=17). Sixteen
patients (51.6%) had pancreatic invasion with or without
invasion to other organs, such as the colon or liver. Table 1
presents the baseline characteristics of the patients.
2. Chemotherapy delivery and toxicity
Patients were treated with a median of 6 cycles of induction
chemotherapy with DXP+BEV (range, 1 to 6). Twenty-seven
patients (87.1%) completed a total of six induction chemother-
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Table 1. Baseline patient characteristics
Characteristic
Age, median (range, yr)
Male sex
ECOG PS
0
1
Primary tumor location
Upper third
Middle third
Lower third
Diffuse
Disease status
Locally advanced T4b without M1
(LAGC group)
Pancreas invasion
Pancreas+colon invasion
Pancreas+liver invasion
PAN metastasis (PAN group)
PAN metastasis only
PAN metastasis+pancreas invasion
PAN metastasis+liver invasion
Histology
TA
Signet ring cell carcinoma
TA with signet ring cell component
Measurable disease

No. (%) (n=31)
55 (33-70)
26 (83.9)
2 (6.5)
29 (93.5)
2 (6.5)
13 (41.9)
13 (41.9)
3 (9.7)
14 (45.2)
11 (35.5)
2 (6.4)
1 (3.2)
17 (54.8)
13 (41.9)
2 (6.5)
2 (6.5)
24 (77.4)
2 (6.5)
5 (16.1)
28 (90.3)

ECOG PS, Eastern Cooperative Oncology Group performance status; LAGC, locally advanced gastric cancer; PAN,
paraaortic lymph node; TA, tubular adenocarcinoma.

apy cycles. Meanwhile, chemotherapy was discontinued in
four patients (12.9%) due to gastric perforation (n=2), death
from sepsis (n=1), and tooth infection (n=1).
Of the total 175 cycles, the capecitabine, docetaxel, or cisplatin dose was reduced in 42 cycles (24%) in 21 patients
(67.7%) primarily due to grade 3 febrile neutropenia (n=7,
22.6%), grade 2/3 oral mucositis (n=7, 22.6%), and grade 3
diarrhea (n=2, 6.5%). Moreover, chemotherapy administration
was delayed in 12 cycles (6.9%) in eight patients (25.8%).
The median relative dose intensity for docetaxel, capecitabine, cisplatin, and BEV were 0.89, 0.74, 0.92, and 0.93,
respectively. Table 2 summarizes the adverse events. The most
common hematological adverse events with grade  3 were
neutropenia (71.0%), infection with febrile neutropenia (candidemia-related sepsis, 22.6%/3.2%), and leukopenia (32.3%).
Moreover, the most common nonhematological adverse
events with grade  3 were stomatitis (16.1%) and anorexia
(9.7%). Grade 3 gastric perforation (9.7%), grade 3 pulmonary
embolism (3.2%), and grade 1 hypertension (3.2%) were the

adverse events considered to be associated with BEV. One
treatment-related death caused by candidemia-associated sepsis was recorded.
Six out of the 20 patients who underwent R0 resection
received a total of 24 adjuvant chemotherapy cycles (median,
4; range, 1 to 8 cycles), with the regimen consisting of fluoropyrimidine derivates (n=5) as well as docetaxel and cisplatin
(n=1).
3. Clinical responses
Among the 31 patients, 28 had measurable lesions, of whom
18 (64.3%) achieved partial response (PR) and 10 (35.7%) had
stable disease, which resulted in an ORR of 64.3% (95% confidence interval [CI], 46.6 to 82.0). The disease control rate
among all patients was 100% given that the three patients with
evaluable lesions had incomplete response or stable disease.
Based on the CT scan results, clinical T, N, and TNM downstaging were observed in 22 (71.0%), 28 (90.3%), and 26 (83.9%)
patients, respectively. Table 3 displays the clinical stages in the
LAGC and PAN groups following induction chemotherapy.
Except for five patients, all experienced downstaging after
induction chemotherapy.
4. Surgical and pathological results
Out of the 31 patients, 28 (90.3%) underwent surgery,
whereas three (9.7%) did not because of surgery refusal (n=1),
death from sepsis (n=1), and GC unresectability owing to persistent hepatoduodenal ligament invasion (n=1). Twenty-four
patients (77.4%) underwent D2 gastrectomy, of whom two
patients with palpable PAN underwent additional extended
paraaortic lymphadenectomy. Tumor cells were not detected
in the resected PAN. Four patients (14.3%) underwent only
opening and closure due to unresectability caused by pancreatic invasion (n=2, 6.4%), severe adhesion (n=1, 3.2%), and
peritoneal seeding (n=1, 3.2%). Curative resection was conducted in 20 patients, and the R0 resection rate was 64.5% (95%
CI, 47.7 to 81.3): 71.4% (95% CI, 47.7 to 95.1) and 58.8% (95%
CI, 35.4 to 82.2) in the LAGC and PAN groups, respectively
(p=0.707). The null hypothesis that the R0 resection rate was
50% was rejected (p=0.023). Four patients (12.9%) achieved
pCR, and the number of patients with TRG1, TRG2, TRG3,
TRG4, and TRG5 were five (16.1%), three (9.7%), five (16.1%),
nine (29.0%), and two (6.4%), respectively. Among them, only
one patient had residual tumor cells in the resected LNs. Table 4
shows the surgical and pathological results.
The surgical complications that occurred within 1 month
after surgery included seroma (n=2), hematoma (n=1), tissue
friability (n=1), wound infection (n=1), and adhesive ileus,
which was the only complication that required intervention
(adhesiolysis) (n=1).
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Table 2. Adverse events (> 5%) and major adverse events (< 5%)
Adverse event
Hematological
Leukopenia
Neutropenia
Anemia
Thrombocytopenia
Nonhematological
Febrile neutropenia
Infection with neutropenia
Fatigue
Anorexia
Nausea
Vomiting
Stomatitis
Diarrhea
Alopecia
Sensory neuropathy
Nail changes
Skin pigmentation
HFS
Abdominal pain
Headache
Epistaxis
Constipation
Sore throat
Gastric perforation
Thromboembolic event
Hypertension
Increased AST or ALT

Grades 1-2

Grades 3-4

16 (51.6)
3 (9.7)
26 (83.9)
20 (64.6)

14 (45.2)
23 (74.2)
5 (16.1)
1 (3.2)

0(
18 (58.1)
24 (77.4)
16 (51.6)
4 (12.9)
20 (64.5)
12 (38.7)
29 (93.5)
12 (38.7)
14 (45.2)
18 (58.1)
6 (19.4)
6 (19.4)
7 (22.6)
11 (35.5)
6 (19.4)
3 (9.7)
0(
0(
1 (3.2)
3 (9.7)

7 (22.6)
1 (3.2)a)
2 (6.5)
3 (9.7)
1 (3.2)
1 (3.2)
5 (16.1)
2 (6.5)
0(
0(
0(
0(
0(
2 (6.5)
0(
0(
0(
1 (3.2)
3 (9.7)
1 (3.2)
0(
1 (3.2)a)

Values are presented as number (%). HFS, hand-foot syndrome; AST, aspartate aminotransferase; ALT, alanine aminotransferase. a)Grade 5: candidemia-related sepsis with multiorgan failure.

Table 3. Clinical downstaging after induction chemotherapy
LAGC group (n=14, 100%)
Baseline clinical stage
Stage IIIB (n=7, 50%)

Stage IIIC (n=7, 50%)

Clinical stage after
induction chemotherapy
Stage IB (n=2, 14.3%)
Stage IIA (n=1, 7.1%)
Stage IIB (n=3, 21.4%)
Stage IIIB (n=1, 7.1%)
Stage IIA (n=2, 14.3%)
Stage IIIA (n=3, 21.4%)
Stage IIIB (n=2, 14.3%)

PAN group (n=17, 100%)
Baseline clinical stage
Stage IV (n=17, 100%)

LAGC, locally advanced gastric cancer; PAN, paraaortic lymph node.
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Clinical stage after
induction chemotherapy
Stage IIA (n=2, 11.8%)
Stage IIB (n=3, 17.6%)
Stage IIIA (n=5, 29.4%)
Stage IIIB (n=1, 5.9%)
Stage IIIC (n=2, 11.8%)
Stage IV (n=4, 23.5%)
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Table 4. Surgical and pathological results

Without surgery
With surgery
R0 resection
R1/2 resection
O&C
Pathological findingse)
Stage 0 (pCR)
Stage IA
Stage IB
Stage IIA
Stage IIB
Stage IIIA
Stage IIIB
Stage IIIC
Stage IV
T0N1M0
Lymphovascular invasion
Perineural invasion
Lauren classificationf)
Intestinal type
Diffuse type
Indeterminate

LAGC groupa)
(n=14)

PAN groupb)
(n=17)

3 (21.4)
11 (78.6)
10 (71.4)
0(
1 (7.1)

0(
17 (100)
10 (58.8)
4 (23.5)
3 (17.6)

3 (9.7)c)
28 (90.3)
20 (64.5)
4 (12.9)
4 (12.9)d)

1 (7.1)
1 (7.1)
3 (21.4)
2 (14.3)
1 (7.1)
0(
0(
2 (14.3)
0(
5 (35.7)
4 (28.6)

3 (17.6)
0(
1 (5.9)
0(
2 (11.8)
1 (5.9)
1 (5.9)
2 (11.8)
3 (17.6)
1 (5.9)
6 (35.3)
2 (11.8)

4 (12.9)
1 (3.2)
4 (12.9)
2 (6.5)
3 (9.7)
1 (3.2)
1 (3.2)
4 (12.9)
3 (9.7)
1 (3.2)
11 (35.5)
6 (19.4)

7 (50)
7 (50)
-

8 (47.1)
7 (41.2)
2 (11.8)

15 (48.4)
14 (45.2)
2 (6.5)

Total
(n=31)

Values are presented as number (%). LAGC, locally advanced gastric cancer; PAN, paraaortic lymph node; O&C, opening
and closure; pCR, pathological complete regression. a)Locally advanced T4b without M1, b)Paraaortic lymph node metastasis,
c)
Patient refused surgery (n=1), death due to sepsis during cycle 2 (n=1), and unresectable disease (n=1), d)Pancreatic invasion
(n=2), severe adhesion (n=1), and peritoneal seeding (n=1), e)Specimens analyzed from patients (n=24) who underwent gastrectomy, f)Specimens (n=31) analyzed from surgical or endoscopic biopsy tissues.

5. OS and PFS
After a median follow-up of 44.5 months (range, 39.4 to 49.7
months), the median PFS and OS were 13.1 months (95% CI,
8.9 to 17.3) and 38.6 months (95% CI, 22.0 to 55.1), respectively
(Fig. 1A and B). The LAGC group displayed trends toward
increasing survival outcomes compared with the PAN group.
The median PFS in the LAGC and PAN groups were 23.4
months (95% CI, 3.0 to 43.8) and 12.2 months (95% CI, 5.2 to
19.2), respectively (p=0.327) (Fig. 1A). Furthermore, the
median OS in the LAGC and PAN groups were 51.5 months
(95% CI, 37.1 to 65.9) and 19.3 months (95% CI, 12.2 to 26.3),
respectively (p=0.138) (Fig. 1B).
Patients who achieved R0 resection had significantly longer
median PFS and OS than those who did not. The median PFS
of patients who achieved R0 resection and those who did not
were 23.4 months (95% CI, 0.0 to 52.4) and 5.2 months (95%
CI, 3.7 to 6.6), respectively (p < 0.001) (Fig. 2A). Moreover, the

median OS of patients who achieved R0 resection and those
who did not were 51.5 months (95% CI, 28.6 to 74.4) and 19.3
months (95% CI, 8.3 to 30.2), respectively (p=0.015) (Fig. 2B).
Trends toward increasing survival outcomes was also
observed among patients with R0 resection in the LAGC
group compared with those in the PAN group (median PFS,
38.6 vs. 14.1 months [p=0.531]; median OS, 51.5 vs. 25.3
months [p=0.399], respectively) (Fig. 2A and B). Patients who
achieved R0 resection had 2-year PFS and OS rates of 48% and
54%, whereas those who did not had 2-year PFS and OS rates
of 0% and 12% (p < 0.001 and p=0.022; data not shown),
respectively.
The median PFS and OS were compared based on the
pathological responses. The TRG groups were further categorized into two subgroups: TRG1 and TRG2-TRG5. Subsequently, we analyzed differences in the PFS and OS rates
between the two subgroups. The TRG1 subgroup showed
trends toward a higher PFS than the TRG2-TRG5 subgroup.
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Fig. 1. Kaplan-Meier curves for progression-free survival (PFS) (A) and overall survival (OS) (B) in all patients and groups
categorized based on the causes of initial unresectability. The locally advanced gastric cancer (LAGC) group displayed a
trend toward better survival outcomes compared with the paraaortic lymph node (PAN) group (median PFS, 23.4 months
vs. 12.2 months, [p=0.327]; median OS, 51.5 months vs. 19.3 months [p=0.138], respectively). a)Compared with LAGC group.
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Fig. 2. Kaplan-Meier curves for progression-free survival (PFS) (A) and overall survival (OS) (B) based on R0 resectability.
Patients who achieved R0 resection had significantly longer median PFS and OS than those who did not (median PFS, 23.4
months vs. 5.2 months [p < 0.001]; median OS, 51.5 months vs. 19.3 months [p=0.015], respectively). PFS (A) and OS (B) of
patients with R0 resection were classified based on the causes of initial unresectability. The locally advanced gastric cancer
(LAGC) group showed a trend toward better survival outcomes than the paraaortic lymph node (PAN) group (median PFS,
38.6 vs. 14.1 months [p=0.531]; median OS, 51.5 vs. 25.3 months [p=0.399], respectively). a)Compared with R0 resection, b)Compared with LAGC group achieving R0 resection.
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Fig. 3. Kaplan-Meier curves for progression-free survival (PFS) (A) and overall survival (OS) (B) based on the tumor regression grades using log-rank test between two subgroups: tumor regression grade (TRG) 1 and TRG2-TRG5. Kaplan-Meier
curves for PFS (C) and OS (D) with respect to pathological complete regression (pCR).

However, this finding was not observed in terms of OS
(p=0.079 and p=0.589, respectively) (Fig. 3A and B). Patients
with pCR showed trends toward longer PFS than those without pCR (38.6 months vs. 10.8 months, p=0.144). Additionally,
no significant difference was observed in the OS between
patients with pCR and those without (38.6 months vs. 32.2
months, p=0.599) (Fig. 3C and D).

6. Failure pattern
Recurrence was observed in 12 out of 20 patients (60%) who
achieved R0 resection. Locoregional recurrence (n=2) and peritoneal seeding (n=2) were the modes of recurrence in the
LAGC group (four out of 10 patients with R0 resection, 40%).
On the contrary, locoregional recurrence (n=3), extra-abdominal LN metastases (n=2), peritoneal seeding (n=1), colon
invasion (n=1), and brain invasion (n=1) were the modes of
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recurrence observed in the PAN group (8 out of 10 patients
with R0 resection, 80%).

Discussion
Our results showed that induction chemotherapy with
DXP plus BEV exerted antitumor activity in patients with
unresectable LAGC or PAN metastatic GC, which led to the
possibility of curative surgery in approximately two-thirds
of patients. Patients who achieved R0 resection showed significantly improved survival outcomes in terms of median
PFS and OS as well as 2-year PFS and OS compared with
those who did not. Patients with pCR, which was considered
as a highly valuable prognostic factor [20], also had higher
PFS rate and showed signs of better antitumor activity than
those who did not. Additionally, two patients remained alive
without evidence of disease (OS, 55.8 and 32.3 months,
respectively).
Considering that curative surgery is the most important
prognostic factor in GC, upfront surgery followed by
chemotherapy for GC with a single metastasis or conversion
surgery following systemic chemotherapy for initially unresectable GC is considered. A recent randomized trial (Reductive Gastrectomy for Advanced Tumor in Three Asian countries, REGATTA) evaluating the role of upfront surgery in
patients who had GC with a single noncurable factor confined to either the liver (H1), peritoneum (P1), or PAN
(16a1/b2) failed to show the survival benefit of gastrectomy
followed by chemotherapy compared with chemotherapy
alone [21]. However, our previous study on the effect of
induction chemotherapy with DXP on unresectable GC as a
result of local invasion or limited intraabdominal metastasis
in the PAN and/or peritoneum suggested that this chemotherapeutic regimen led to excellent possibility for curative
surgery in patients with local invasion (R0 resection rate,
71%) or PAN metastasis (70%); however, patients with peritoneal metastasis were less likely to receive curative surgery
(36%) than those without [12]. These findings suggest that
patients with PAN metastasis could be suitable candidates
for induction chemotherapy followed by conversion surgery
[12].
BEV was combined with a triplet regimen in our study to
intensify the induction chemotherapy strategy. Although the
preferences for doublet versus triplet regimens vary among
geographical regions, the latter has been suggested to have
better antitumor activity than the former, as shown by the
results of the V325 trial, which compared cisplatin+5-fluorouracil (CF) with docetaxel+CF as a first-line therapy for
AGC [22]. We previously showed the promising efficacy of
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the DXP as induction and palliative chemotherapy regimen
[23]. A phase III AVAGAST study revealed significantly
improved PFS (median, 6.7 months vs. 5.3 months; p=0.0037)
and ORR (46.0% vs. 37.4%, p=0.0315) with the administration
of BEV plus chemotherapy [15], indicating that the addition
of BEV to chemotherapeutic regimen led to enhanced antitumor effects. BEV has been also widely combined with firstline chemotherapeutic regimens for the treatment of metastatic colorectal cancer, resulting in improved PFS and OS
[24]. Although the effect of BEV on unresectable colorectal
cancer remains unclear, an irinotecan-based regimen with
BEV appears to be effective in converting unresectable to
resectable disease with high ORR [24]. Furthermore, two
recent phase III studies demonstrated that ramucirumab
(monoclonal antibody against vascular endothelial growth
factor receptor 2 [VEGFR2]) alone or combined with another
chemotherapy regimen significantly improved survival
among patients with AGC in the second-line setting [25,26].
Apatinib, a tyrosine kinase inhibitor against VEGFR2, was
also found to have survival benefits among patients in the
third-line setting [27]. These results suggest that a strategy
involving antiangiogenic drugs is effective in treating GC.
However, in the present study, DXP combined with BEV
did not appear to improve the treatment outcomes in terms
of R0 resection rate, unlike the finding of a previous phase II
study that used DXP alone. The results showed R0 resection
rates of 71% and 71.4% for DXP alone and DXP plus BEV,
respectively, in locally advanced disease and 70% and 58.8%
for DXP alone and DXP plus BEV, respectively, in PAN
metastatic disease [12]. In a recent phase III study (Medical
Research Council Adjuvant Gastric Infusional Chemotherapy [MAGIC]-B/ST03), perioperative BEV plus chemotherapy did not result in OS (hazard ratio [HR], 1.067; p=0.478),
PFS (HR, 1.026; p=0.768), or disease-free survival (HR, 1.006;
p=0.942) benefits compared with chemotherapy alone in
resectable GC [28]. Differences in R0 resection, clinical
response, and pCR were also not observed between chemotherapy alone and chemotherapy plus BEV (75% vs. 76%,
42% vs. 40%, and 8% vs. 10%, respectively) [28]. The addition
of BEV to the chemotherapeutic regimen in the preoperative
setting did not lead to improved antitumor effects. However,
interpretations of these data require caution with respect to
the different baseline characteristics compared with the outcomes of our previous DXP study [12] and the combination
of chemotherapeutic agents (e.g., epirubicin, cisplatin, and
capecitabine regimen) used with BEV, which may explain
the differences in the antitumor effects and survival outcomes. In a recent randomized controlled study that involved patients who had LAGC with T3 or T4 clinical stages and
PAN metastasis, induction chemotherapy with docetaxel,
oxaliplatin, and fluorouracil (DOF) plus BEV improved the
ORR, R0 resection, and median PFS compared with the DOF
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regimen alone (ORR, 65% vs. 42.5% [p=0.043]; R0 resection
rate, 75% vs. 50% [p=0.020]; and median PFS, 15.2 vs. 12.3
months [p=0.01]) [29]. Docetaxel (a taxane) may be preferably
combined with BEV rather than epirubicin (an anthracycline
drug) because the antiangiogenic property of the former is
synergistic with that of VEGF inhibitors [30]. The role of
antiangiogenesis in the preoperative setting requires further
investigation.
Although the triplet regimen appears to produce better
antitumor effects than doublet regimen, the use of the former
is a constant cause of concern [22]. In a previous study,
induction chemotherapy with DXP regimen resulted in
hematologic toxicity as a major adverse effect. Furthermore,
grade 3/4 neutropenia was reported in 69% of the patients,
although febrile neutropenia only occurred in 4% of the participants [12]. In the present study, the DXP plus BEV regimen led to a marginally higher grade 3/4 neutropenia
incidence (74.2%) than DXP alone. The higher grade 3/4 neutropenia incidence may be attributed to the frequent CBC
measurement, which was performed every week to monitor
the trend toward decreasing neutrophil counts. Although the
present study showed considerably higher incidence of
grade 3/4 febrile neutropenia (22.6%) than the previous studies, the majority of adverse events did not necessitate hospitalization, and the neutrophil counts of the patents returned
to normal levels as well. This higher febrile neutropenia
incidence may be related to the higher stomatitis incidence
(grade 3/4; 16.1% vs. 2% for DXP plus BEV and DXP, respectively) because disruption of the mucosal barrier may cause
the patients to become susceptible to infection. Although
another toxicity profile in our study showed similarities
between the use of DXP alone and that of DXP plus BEV, the
latter resulted in BEV-related toxicities, including grade
3 gastric perforation (9.7%), grade 3 pulmonary thromboembolism (3.2%), and grade 1 hypertension (3.2%). The BEV-

related toxicities detected in our study were comparable to
those observed in a previous trial. In the MAGIC-B/ST03
study, chemotherapy combined with BEV led to increased
postoperative anastomotic leak incidence compared with
chemotherapy alone (18% vs. 9%, respectively), specifically
in patients who underwent esophagogastrostomy (9% vs.
23%, respectively) [28]. However, our study did not show
any increase in major surgical complications with the use of
BEV, which may be caused by the differences in the tumor
location and surgical technique used from those of the
MAGIC-B/ST03 study.
Induction chemotherapy with DXP plus BEV demonstrated promising antitumor efficacy with encouraging curative resection rates and long-term survival outcomes.
Further studies are warranted to investigate the optimal
strategy for induction chemotherapy followed by conversion
surgery and identify the population that is most likely to benefit from this strategy.
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Purpose
The prognosis of patients with hepatocellular carcinoma (HCC) undergoing transarterial
chemoembolization (TACE) is often uncertain. We aimed to utilize analytic morphomics,
a high-throughput imaging analysis, to assess if body composition is predictive of post-TACE
survival.
Materials and Methods
We included patients from a single center (Ann Arbor VA) who had TACE as the primary treatment for HCC and had a pre-treatment computed tomography scans. Univariate analysis and
multivariate conditional inference tree analysis were utilized to identify the morphomic characteristics predictive of 1-year survival. Results were validated in an external cohort (University
of Michigan Health System) of HCC patients who underwent TACE as their primary treatment.
Results
In the 75 patients in the derivation cohort, median survival was 439 (interquartile range,
377 to 685) days from receipt of TACE, with 1-year survival of 61%. Visceral fat density
(VFD) was the only morphomic factor predictive of overall and 1-year survival (p < 0.001).
Patients with VFD above the 56th percentile had a 1-year survival of 39% versus 78% for
those below the 56th percentile. VFD also correlated with 1-year survival in the external validation cohort (44% vs. 72%, p < 0.001). In a secondary analysis, patients with higher VFD
were significantly more likely to experience hepatic decompensation after TACE (p < 0.001).
Conclusion
VFD served as an objective predictor of mortality in patients undergoing TACE, possibly
through its ability to predict hepatic decompensation. VFD may serve as a radiographic biomarker in predicting TACE outcomes.
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Introduction
Hepatocellular carcinoma (HCC) is increasing in frequency
and is a leading cause of cancer-related mortality worldwide
[1]. While tumor biology heterogeneity is an important
determinant of outcome, patient-level factors are clearly
important determinants of outcome. Established prognostic
factors at diagnosis include not only tumor burden, but also
degree of liver dysfunction, and the patient’s functional status. The Barcelona Clinic Liver Cancer (BCLC) system incorporates each of these variables and is the most widely used
staging system in the Western hemisphere to assess prognosis in patients with HCC [2]. While societal guidelines use
the BCLC to provide guidance for initial treatment decisions,
its ability to predict treatment response and outcomes such
as long-term survival, particularly in the setting of HCCdirected therapy, is currently limited [3]. Furthermore, we
have previously found that community practices often deviated from practice guidelines especially in regards to the utilization of transarterial chemoembolization (TACE) [4]. An
ability to objectively risk-stratify patients could result in
more judicious use of therapy or improved monitoring protocols for those patients at highest risk for treatment-related
adverse events.
Given high rates of late stage tumor detection, most HCC
patients are not eligible for or have limited access to curative
therapies such as surgical resection, liver transplantation, or
radiofrequency ablation [5]. Therefore, locoregional therapies
including TACE are the most widely used treatments for
HCC patients in clinical practice. While there are some clear
contraindications to TACE, we have limited ability to determine a priori who will experience the largest survival benefit
with treatment. Survival after TACE is impacted by multiple
factors, including treatment response and patient tolerance,
most notably development of new or worsening liver dysfunction or decompensation [4]. While functional status has
been shown to be predictive of outcomes in patients with
HCC, the Eastern Cooperative Oncology Group (ECOG)
score may have less prognostic value in the subset of patients
undergoing TACE [3,4]. This may be related to measurement
bias, given its subjective nature and inter-observer variability
[6,7]. A potential alternative approach to quantify functional
status is to measure a patient’s body composition, including
muscle, fat, and bone characteristics. This can be done via
computed tomography (CT) scan which is particularly relevant as patients with HCC universally have baseline imaging
as part of diagnosis and staging.
Analytic morphomics is a novel approach that uses highthroughput semi-automated image-processing techniques to
assess body composition [8,9]. The methodology analyzes
pre-existing CT scans, and precisely quantifies patient

anatomical components contained within the scans. By
anatomically indexing each scan, this methodology allows
for objective reproducible measurements which can be utilized to assess the heterogeneity of patients. We have previously used analytic morphomics to identify predictors for
cirrhosis development, surgical outcomes, liver transplantation, and patients with HCC [9-12].
The primary aim of this study was to determine if analytic
morphomic characteristics could independently predict survival among patients undergoing TACE. A secondary aim
was to determine whether analytic morphomics characteristics were able to predict hepatic decompensation after TACE.

Materials and Methods
1. Study populations
Our derivation cohort (Ann Arbor VA [AAVA] Cohort)
consisted of all patients with a new diagnosis of HCC who
underwent TACE as primary treatment at the Veterans
Administration Ann Arbor Healthcare System (VAAAHS)
between January 2006 and December 2012 (n=109). The
VAAAHS is a tertiary care VA hospital system in the upper
midwest of the United States. Patients were identified using
multidisciplinary liver tumor conference presentation lists
and administrative databases using International Classification of Diseases, 9th edition (ICD-9) codes (155.0 and 155.2),
as previously described [4]. We excluded patients without
pre-treatment CT scans (n=27), patients who subsequently
underwent curative therapy such as liver transplantation
(n=2), and those without complete morphomics data at T11
(n=5).
The validation cohorts consisted of all patients with treatment naïve HCC who underwent TACE at the University of
Michigan (UMHS cohort) between January 2005 and March
2012 [13]. The University of Michigan is a tertiary care transplant center, with a wide catchment area in the upper midwest United States. Patients in the validation cohort were
identified using ICD-9 codes for HCC, tumor conference
presentation lists, and HCC databases as previously
described [14,15]. We applied the same exclusion criteria for
the UMHS cohort as the AAVA cohort.
HCC cases in both cohorts were adjudicated to confirm
they met diagnostic criteria based on American Association
for the Study of Liver Diseases guidelines [16]. For tumors
larger than 1 cm, HCC diagnosis required a typical vascular
pattern on dynamic imaging (arterial enhancement and
delayed washout) or histology. Patients in both cohorts were
discussed in multidisciplinary Liver Tumor Boards for manVOLUME 50 NUMBER 2 APRIL 2018
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agement decisions, and curative treatments (liver transplantation, resection, and local ablation) were recommended for
patients with early stage HCC whenever possible. Therefore,
TACE was primarily used for patients in whom curative
therapies were not applicable. This study was approved by
the Institutional Review Boards at the AAVA Healthcare System and the UMHS.
2. Analytic morphomics
Pre-treatment CT studies were analyzed using analytic
morphomics in order to characterize patient body composition, as previously described [8,17-19]. Analytic morphomics
is a platform of semi-automatic image analysis software
which is able to anatomically index CT scan data so that each
measurement is precise and reproducible. Briefly, coded
de-identified DICOM (Digital Imaging and Communications
in Medicine) files of all CT scans were loaded into the analytic morphomics server. DICOM files are the standard
underlying data files that are used to store all CT image data.
Given the method of processing and required data, both contrast and non-contrast scans could be used. A semi-automated high throughput methodology with algorithms
programmed in MATLAB (MathWorks Inc., Natick, MA)
enabled image processing and analysis. All algorithms
involved a combination of user-defined points, automated
image processing, and user editing and verification. All
imaging studies were first anatomically indexed using semiautomated identification of spinal vertebral levels to allow
for accurate and standardized measurements of the same
area in each patient. A single slice was chosen, as this would
include all required body composition features while minimizing processing time and potential radiation exposure for
future prospective studies. For this study, we examined morphomic features that were measured at the inferior aspect of
the 11th thoracic vertebral level. This anatomic landmark
was chosen because this was felt to have the highest likelihood of being available on both abdominal and chest CT
scans. Guidelines recommend a staging CT chest for all
patient diagnosed with HCC. All geometries were saved in
a stereolithography format in the analytic morphomics database with PostgresSQL and subsequently retrieved to calculate geometric (linear distances or cross-sectional areas) and
Hounsfield Unit based measurements with customized algorithms. For measurement of bone density, we used measurements of trabecular bone. For muscle mass and quality
measurements, we used measurements of the dorsal muscle
group which is the core muscle at the T11 anatomical level.
Descriptions of all the analytic morphomic measurements
used for this study can be found in the data dictionary
(http://www.med.umich.edu/surgery/morphomics/data_
dictionary).
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Considering that age and gender are biggest confounding
factors for body compositions, all direct morphomics measurements were matched with a reference population to generate the age and sex matched percentile for each measurement. The reference population consists of over 6,000
patients who underwent CT scans primarily for trauma
indications. Patients scanned for trauma, which is a relatively
random event, constitutes a “normal” population to allow
for referencing. All statistical analyses were based upon the
percentile versions of analytic morphomics.
3. Clinical data collection
Patient demographics, clinical history, laboratory data and
imaging results for both cohorts were obtained through
review of clinical databases and electronic medical records,
and extracted using standardized forms. Data regarding
presence of decompensation (ascites or hepatic encephalopathy) were abstracted from clinical notes and classified as
none, mild or controlled, and severe or uncontrolled. ECOG
performance status, as determined by clinical provider at
time of HCC presentation, was also abstracted from clinical
notes. Laboratory data of interest at time of HCC diagnosis
included platelet count, aspartate aminotransferase, alanine
aminotransferase, bilirubin, albumin, international normalized ratio, and -fetoprotein. Dynamic contrast-enhanced CT
or magnetic resonance imaging (MRI), as interpreted by
radiologists at each site, were used to determine tumor characteristics including number of lesions, maximum tumor
diameter, lymph node involvement, portal vein invasion,
and presence of extrahepatic metastases. The BCLC criteria
were used for tumor staging with early stage defined as
BCLC stage 0 or A. Patient clinical course including dates of
treatment, follow-up imaging, and death was recorded for
each patient.
4. Statistical analysis
Post-treatment survival was estimated using Kaplan-Meier
analysis. Survival was defined from time of TACE to death;
survival for patients without death was censored at last clinic
visit. The primary outcome for statistical analyses was the
mortality risk at 1-year post-TACE given high risk of confounders influencing survival beyond 1 year. We developed
a prognostic model in the AAVA Cohort by using a Cox’s
proportional hazard regression with forward/backward
selection from a combination of analytic morphomic variables (features from Table 1) and a priori important clinical
variables associated with survival (Child-Pugh class, TNM
tumor burden [III and IV were combined due to limited
numbers], and ECOG score). Furthermore, we employed the
conditional inference tree analyses to determine thresholds
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Table 1. Summary of raw and percentile body composition features in derivation cohort
Morphomic variable (at T11)
Distance from the fascia to the vertebra (mm)
Area of all muscle in the dorsal muscle group (mm2)
Ratio of normal density muscle
to the dorsal muscle area (ratio)
Low density dorsal muscle area (mm2)
Normal density dorsal muscle area (mm2)
Total fascia circumference (mm)
Eccentricity of an ellipse having the
same second-moments of the fascia region (ratio)
Total area within the fascia region (mm2)
Subcutaneous fat area (mm2)
Bone mineral density (HU)
Visceral fat density (HU)
Visceral fat area (mm2)

Raw values

Percentiles

Median

Q1

Q3

Median

Q1

Q3

160
3,619
0.35

146
3,034
0.22

173
4,268
0.63

62
46
70

39
28
40

80
69
93

938
2,625
943
0.62

662
2,067
900
0.56

1,418
3,245
996
0.65

69
37
48
29

37
21
24
12

94
57
70
47

67,373
8,451
180
96
8,458

60,914
5,252
153
102
5,553

74,348
12,350
226
87
11,365

54
46
50
50
30

25
26
29
25
19

74
73
79
83
43

Q1 is the 1st quartile and Q3 is the 3rd quartile. The percentile value was referenced against a normal population controlling
for age and gender, which are unit less. The units for the raw values were specified in the row names. The smaller eccentricity
indicates a rounder body shape. HU, Hounsfield Units.

of morphomics in differentiating the risk of post-TACE mortality [20]. Unlike the traditional classification and regression
tree analysis, the conditional inference tree method utilizes
a formal statistical framework to address multiple comparisons between groups and avoid over-fitting. The identified
thresholds of morphomic variables with the conditional
inference tree analysis in the derivation AAVA cohort were
further validated in the UMHS cohort. In addition, we performed subgroup analyses to determine whether analytic
morphomics were predictive of survival in subpopulations
of HCC patients, including (1) those patients are TACE eligible according to BCLC treatment guidelines (ECOG 0-2, no
evidence of metastatic disease, Child-Pugh A or B); (2) those
patients with Child-Pugh A cirrhosis; and (3) those with
Child-Pugh scores of 5-7.
In a secondary analysis, we investigated whether analytic
morphomics characteristics predicted development of
hepatic decompensation after TACE, a strong determinant
of overall survival in patients with HCC. Hepatic decompensation was defined as an increase in Child Turcotte Pugh
score by  2 points, new ascites, new encephalopathy, or an
increase in total bilirubin by  2.0 mg/dL within 6 weeks of
receipt of TACE and prior to receipt of any other HCCdirected therapy [21]. All statistical analyses were performed
using R 3.1.0.

Results
1. Patient population
There were 75 patients included in the AAVA derivation
cohort and 90 patients in the UMHS validation cohort. Baseline characteristics of the cohorts are shown in Table 2. The
derivation cohort had a higher proportion of males, hepatitis
C positivity, and more advanced cancer stage when compared to the validation cohort. The vast majority of patients
in both cohorts had good functional status prior to TACE
(ECOG 0-1). The overall 1-year survival after TACE for both
cohorts was similar—61% for patients in the AAVA cohort
and 56% in the UMHS cohort.
In the AAVA cohort, several muscle and fat characteristics
differed from the age- and sex-matched reference population
(Table 1). Although the overall core muscle area was near the
50th percentile, there was a predominance of low density
muscle, suggesting more fatty infiltration of muscle in HCC
patients. The total area within fascia region, subcutaneous
fat area and fascia circumference was similar to the reference
population. However, the visceral fat area was significantly
lower in the TACE population (p < 0.001). Also, the eccentricity of fascia was also significantly smaller in the TACE
population (p < 0.001), suggesting a more-round abdominal
shape of these patients. S1 Table shows the body composition
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Table 2. Clinical descriptive data of derivation and validation cohorts
Age (yr)
Male sex
BMI
Diabetes
Hypertension
HCV+
Child-Pugh class A/B/C
TNM stage I/II/III/IV
Barcelona stage 0/A/B/C/D
ECOG status 0/1/2/3
AFP
Total bilirubin
Albumin
MELD
Multifocal

Derivation cohort (n=75)

Validation cohort (n=90)

p-value

60.0 (56-62)
73 (97)
27.7 (23.8-31.1)
25 (25)
51 (68)
63 (84)
47/24/4
36/25/13/1
1/16/15/38/5
35/35/4/1
38.5 (13.1-215.4)
1.2 (0.7-1.9)
3.2 (2.8-3.8)
9 (8-11)
40 (53)

59.0 (54-65)
76 (84)
29.1 (25.7-32.5)
32 (36)
53 (59)
55 (61)
50/31/9
23/30/23/14
2/23/32/24/9
58/26/4/2
29.4 (7.9-235.3)
1.2 (0.7-2.0)
3.6 (2.1-3.98)
10 (7-12)
55 (61)

0.38
0.09
0.46
0.18
0.26
< 0.001
0.49
< 0.001
0.02
0.09
0.46
0.93
0.01
0.47
0.35

Values are presented as median (range) or number (%). For continuous variables, median and interquartile were shown, and
p-values were from Mann-Whitney U test. For categorical variables, counts (and frequency if binary) were shown, and
p-values were from Fisher exact test. BMI, body mass index; HCV, hepatitis C virus; ECOG, Eastern Cooperative Oncology
Group; AFP, -fetoprotein; MELD, Mayo End Stage Liver Disease score.

Table 3. Cox proportional hazard model for survival after TACE
Child-Pugh class B (reference: class A)
Child-Pugh class C (reference: class A)
TNM stage II (reference stage I)
TNM stage III or IV (reference: stage I)
Visceral fat density percentile

HR

95% Confidence interval

2.15
2.69
1.88
2.56
1.01

1.03-4.48
0.82-8.80
0.95-3.72
1.13-5.80
1.00-1.03

TACE, transarterial chemoembolization; HR, hazard ratio.

characteristics and percentiles of the validation cohort. While
patients in the validation cohort had similar muscle characteristics as the AAVA cohort, they had a larger fascia compartment and higher visceral fat density. Comparison of the
morphomic characteristics between the derivation and validation cohorts is shown in S2 Table.
2. Post-TACE survival
In the derivation AAVA cohort, higher Child-Pugh class,
higher TNM tumor burden, and increased visceral fat density were associated with increased risk of post-TACE mortality (Table 3). Each percentile increase in visceral fat density
corresponded to 1% increase in the hazard for mortality (hazard ratio, 1.01; 95% confidence interval, 1.00 to 1.03). Condi-
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tional inference trees predicting post-TACE mortality confirmed that visceral fat density had the ability to risk stratify
these patients (S3 Fig.). The optimal threshold identified is
the 56th percentile of visceral fat density, with a higher density resulting in a higher mortality risk. In the AAVA and the
UMHS cohorts; 32 (43%) and 54 (59%) patients fell into the
high-risk category respectively. The Kaplan-Meier survival
curves stratified by this fat density threshold showed a statistically significant difference in 1-year survival in both
cohorts; 39% vs. 78% (p < 0.001) and 44% vs. 72% (p < 0.001)
for the AAVA and the UMHS cohorts respectively (Fig. 1A
and B).
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A
1.0

B
1.0

Low visceral fat density
High visceral fat density

0.8
Survival probability

Survival probability

0.8
0.6
0.4
0.2
0

Low visceral fat density
High visceral fat density

0.6
0.4
0.2

0

1

2

3
Time (yr)

4

0

5

0

1

2

3
Time (yr)

4

5

Fig. 1. Kaplan-Meier survival of the derivation cohort (A) and the validation cohort (B) stratified by visceral fat density.

3. Secondary outcomes

Low visceral fat density
High visceral fat density

0.8
Survival probability

A total of 27% patients in the AAVA cohort had decompensation after TACE, with a median time from TACE to
decompensation of 5 days (the first and third quartiles are
2.75 and 14 days, respectively). As expected, patients with
decompensation after TACE had significantly worse 1-year
survival than those without decompensation (27% vs. 74%,
p < 0.001). In univariate analysis, patients with hepatic
decompensation after TACE had significantly higher visceral
fat density (median, 76; interquartile range [IQR], 61 to 90)
than those without decompensation (median, 34; IQR, 18 to
60) (p < 0.001). In a multivariate logistic regression model
with similar forward/backward selection as Cox regression,
visceral fat density remained significantly associated with
development of hepatic decompensation (p < 0.001) (S4 Table).
Patients with ascites at time of TACE had significantly
higher visceral fat density when compared to those without
a history of ascites (84 vs. 36, p < 0.001). In our sub-analysis
of patients in both cohorts who were TACE eligible according to BCLC criteria (n=109), there were 57 patients above
and 52 patients below the 56th percentile. Patients in the
higher density group had significantly worse 1-year survival
(31% vs 67%, p < 0.001.) We next performed an exploratory
subgroup analyses in those with Child A cirrhosis and those
with Child-Pugh scores 5-7 to evaluate if visceral fat density
could be a marker of early portal hypertension. Among
Child-Pugh class A patients from both cohorts (n=97), the
visceral fat density cutoff of 56 was significantly associated
with 1-year survival (29% vs. 80%, p < 0.001) (Fig. 2). Simi-

1.0

0.6
0.4
0.2
0

0

1

2

3
Time (yr)

4

5

Fig. 2. Kaplan-Meier survival curve of all Child-Pugh
class A patients from derivation and validation cohort
stratified by visceral fat density.

larly, in patients with Child-Pugh scores of 5-7 (n=120), the
visceral fat density cutoff of 56% was significantly associated
with 1-year survival (31% vs. 73%, p < 0.001). By contrast, in
the subset of patients with Child-Pugh score 8-12, visceral fat
density was not predictive of outcome as this feature is
unlikely to differentiate patients with more advanced liver
disease.
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Discussion
There are limited clinical tools and biomarkers for predicting outcomes for patients undergoing locoregional therapies
for HCC. We have shown that use of analytic morphomic
measurements, specifically visceral fat density at T11, can
objectively predict the risk of hepatic decompensation and
survival in patients undergoing TACE. In the multivariate
analysis, each percentage change in the visceral fat density
reflected a 1% change in the hazard survival probability. The
prognostic value of visceral fat density cutoff derived from
the AAVA cohort was confirmed in an external validation
cohort of patients from UMHS, an academic medical center
with a demographically dissimilar population from the
AAVA cohort.
Our secondary analyses suggest that visceral fat density
may be associated with portal hypertension and can potentially predict development of hepatic decompensation after
TACE. Importantly, visceral fat density is predictive of survival even in a combined cohort of well compensated ChildPugh class A patients, who traditionally are thought to do
well after TACE. We hypothesize that visceral fat density
could serve as a marker of early portal hypertension that is
present prior to the development of ascites and other overt
clinical manifestations of portal hypertension. Higher visceral fat density may correlate with an increase with shunting of portal blood flow or local edema in the interstitial
tissue. As fat is less dense than water, an increase in water
within the fat would increase overall measurement of visceral fat density. This may explain why patients with higher
visceral fat density values predicted decompensation and
suggests that this morphomics measure may be an early noninvasive marker for portal hypertension.
A priori predictors of outcome for patients undergoing
TACE are largely limited to traditional predictors of decompensation and overall survival including liver function and
tumor burden, with patients with poorer liver function and
higher tumor burden experiencing worse outcome after
TACE [4,22-24]. Analytic morphomics could be a more sensitive prognostic marker than traditional clinical variables,
and may be particularly useful in patients with intact liver
function.
The limitations of our study include inherent biases associated with retrospective study design. Although analytic
morphomics is versatile, at the present time we can only perform image analysis on CT data files and for patients who
only had an MRI, we were unable to include them in the
study. However, patients with HCC undergo a CT scan of
their thorax for staging purposes, thus morphomic information at the T11 level is typically available for all patients with
HCC [16]. Another limitation is variation in TACE technique
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(doxorubicin-eluting bead TACE vs. conventional TACE)
given long study duration, however studies have shown
equivalent efficacy in the treatment of HCC [25,26]. Additionally, we collected morphomics data at baseline before
first TACE but locoregional therapies can be applied after the
first TACE and may impact 1-year survival. Other unmeasured or poorly measured confounders for survival not were
captured given retrospective nature of this analysis. We also
included patients who fall outside of BCLC treatment guidelines for TACE (BCLC C and D), but real world analyses have
shown poor adherence to BCLC guidelines in clinical practice with lack of impact on outcomes [27]. Finally, our cohorts
are relatively small, limiting our power and ability to conduct more nuanced sub-analyses. Future steps would
include validation in larger cohorts of patients undergoing
TACE and potential development of a clinical prediction
model, which incorporates clinical factors with analytic morphomic characteristics.
In conclusion, we have shown that an analytic morphomic
parameter, namely visceral fat density, is a prognostic factor
for survival after TACE in both a derivation and external validation cohort of patients with HCC. Visceral fat density
could be a surrogate for early portal hypertension and can
be used as an objective risk stratification method for patients
with HCC undergoing TACE. While further validation is
required, visceral fat density may play a role as a radiographic biomarker in clinical risk prediction for patients
undergoing TACE.
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Declined Preoperative Aspartate Aminotransferase to
Neutrophil Ratio Index Predicts Poor Prognosis in Patients with
Intrahepatic Cholangiocarcinoma after Hepatectomy
Purpose
Various inflammation-based prognostic biomarkers such as the platelet to lymphocyte ratio
and neutrophil to lymphocyte ratio, are related to poor survival in patients with intrahepatic
cholangiocarcinoma (ICC). This study aims to investigate the prognostic value of the aspartate aminotransferase to neutrophil ratio index (ANRI) in ICC after hepatic resection.
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Materials and Methods
Data of 184 patients with ICC after hepatectomy were retrospectively reviewed. The cut-off
value of ANRI was determined by a receiver operating characteristic curve. Preoperative ANRI
and clinicopathological variables were analyzed. The predictive value of preoperative ANRI
for prognosis of ICC was identified by univariate and multivariate analyses.

Department of Hepatic Surgery,
The First Aliated Hospital of
Sun Yat-sen University, Guangzhou,
2
Department of Medical Ultrasonics, Institute
of Diagnostic and Interventional Ultrasound,
The First Aliated Hospital of
Sun Yat-sen University, Guangzhou,
3
Department of Oncology,
The First Aliated Hospital of
Sun Yat-sen University, Guangzhou, China
1

+ Correspondence:
+ + + + + + +Baogang
+ + + Peng,
+ + +MD,
+ +PhD
++
+ Department
+ + + + +of+Hepatic
+ + + Surgery,
++++++++
+ + +First
+ + + + + +Hospital
+ + + + + +Yat-sen
+++
+ The
+ + + +Affiliated
+ + + + + + + of+ Sun
+++++
University, No. 58, Zhong Shan Road 2,
++++++++++++++++++
+ Guangzhou
+ + + + +510080,
+ + +Guangdong,
+ + + + +China
++++
+ Tel:
+ +86-20-87755766-8214
+++++++++++++++
+ Fax:
+ +86-20-87755766-8663
+++++++++++++++
+ E-mail:
+ + + pengbaogang@medmail.com.cn
++++++++++++++
++++++++++++++++++
+ Co-correspondence:
+ + + + + + + +Shunli
+ + +Shen,
+ +MD,
+ +PhD
++
+ Department
+ + + + +of+Hepatic
+ + + Surgery,
++++++++
+ The
+ +First
+ +Affiliated
+ + + +Hospital
+ + + of+ Sun
+ +Yat-sen
+++
+ University,
+ + + + +No.+ 58,
+ +Zhong
+ + Shan
+ + Road
+ + +2, + +
+ Guangzhou
+ + + + +510080,
+ + + + + + + +China
++++
+ Tel:
+ +86-20-87755766-8214
+ + + + + +Guangdong,
+++++++++
++++++++++++++++++
+ Fax:
+ +86-20-87755766-8663
+++++++++++++++
+ E-mail:
+ + + shunlishen@163.com
++++++++++++++
++++++++++++++++++
+ Received
+ + + +March
+ + +2, +2017
+++++++++
+ Accepted
+ + + + May
+ + 24,
+ 2017
++++++++++
+ Published
+ + + + Online
+ + + June
+ + 1,+2017
+++++++
++++++++++++++++++
+ *Lingyun
+ + + +Liu
+ +and+ Wei
+ +Wang
+ + contributed
++++++
+ equally
+ + + to+ this
+ +work.
+++++++++++
++++++++++++++++++

538

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

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

Results
The optimal cut-off value of ANRI was 6.7. ANRI was associated with tumor size, tumor
recurrence, white blood cell, neutrophil count, aspartate aminotransferase, and alanine
transaminase. Univariate analysis showed that ANRI, sex, tumor number, tumor size, tumor
differentiation, lymph node metastasis, resection margin, clinical TNM stage, neutrophil
count, and carcinoembryonic antigen were markedly correlated with overall survival (OS)
and disease-free survival (DFS) in patients with ICC. Multivariable analyses revealed that
ANRI, a tumor size > 6 cm, poor tumor differentiation, and an R1 resection margin were
independent prognostic factors for both OS and DFS. Additionally, preoperative ANRI also
had a significant value to predict prognosis in various subgroups of ICC, including serum
hepatitis B surface antigennegative and preoperative elevated carbohydrate antigen
19-9 patients.
Conclusion
Preoperative declined ANRI is a noninvasive, simple, and effective predictor of poor prognosis in patients with ICC after hepatectomy.

Key words
Aspartate aminotransferase, Neutrophil,
Cholangiocarcinoma, Prognosis, Biomarkers
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Introduction
Intrahepatic cholangiocarcinoma (ICC) is the second most
common biliary malignancy and accounts for 5% to 10% of
primary liver carcinomas [1]. A rapidly increasing incidence
of ICC has been reported over the last few decades [2].
Operation is the only potentially curative therapeutic measure for patients with ICC. Unfortunately, less than 30% of
ICC patients are not able to have an operation at the initial
diagnosis due to a lack of appropriate markers for early
diagnosis. In addition, even after curative hepatectomy, the
outcome remains grim, with the 5-year survival rate ranging
from 20% to 40% [3,4]. The poor prognosis after surgery is
mainly due to tumor recurrence and metastasis [5]. Therefore, it is of great significance to screen for effective markers
to identify ICC patients at a high risk of recurrence or metastases, thus providing timely and effective therapeutic treatment to improve the clinical outcomes.
As a routine liver function test index, aspartate aminotransferase (AST) reflects the damage of the liver. It is commonly used to assess the severity of various liver diseases
[6]. Recently, studies have reported that prognostic indexes
based on inflammatory cells such as neutrophils and lymphocytes can reflect the survival of various malignancies
[7,8], with aspartate aminotransferase to neutrophil ratio
index (ANRI) as one of them. For example, elevated ANRI
was found to be significantly correlated with a poorer outcome in patients with hepatocellular carcinoma [9].
The relation between ANRI and the prognosis of ICC
patients after hepatic resection has not been reported. In the
present study, we aim to evaluate the predictive value of preoperative ANRI on both the overall survival (OS) and disease-free survival (DFS) of ICC patients after hepatectomy.

Materials and Methods
1. Patients
A total of 184 newly diagnosed ICC patients treated with
hepatectomy at the First Affiliated Hospital, Sun Yat-sen
University between April 2004 and September 2015 were
included. All specimens were histologically proven to be ICC
after surgery. Informed consent was obtained, and procedures were carried out with prior approval of the Ethics
Committee of the First Affiliated Hospital of Sun Yat-sen
University (Guangzhou, China). Routine assessment was
performed for all patients within 7 days before surgery,
including physical examination, complete hematologic and

biochemistry profiles, chest X-ray, abdominal ultrasonography, and contrast-enhanced computed tomography (CT)
scans or magnetic resonance imaging.
All patients were > 18 years of age, with complete clinical
and laboratory data. No patients had any coexistent hematological disorders or known active infection before treatment. In addition, patients with preoperative anti-tumor
treatment, such as chemotherapy or percutaneous ablation,
were excluded from this study.
2. Treatment and follow-up
Surgical strategies were decided by a multidisciplinary
team meeting. Combined operations such as biliary-intestinal anastomosis were applied when needed. Postoperative
follow-up of all 184 patients was regularly performed according to institutional practice, including serum carbohydrate
antigen 19-9 (CA19-9), -fetoprotein (AFP), carcinoembryonic antigen (CEA), abdominal ultrasound, and chest X-ray
every 3 months, and contrast-enhanced CT every 6 months.
Recurrence was defined as the emergence of clinical, radiological, and/or pathological diagnosis (tissues obtained by
ultrasound-guided fine-needle aspiration) of the tumor.
Patients with confirmed recurrence of ICC received salvage
treatments, such as repeated hepatectomy, percutaneous
ablation or chemotherapy. DFS was calculated from the date
of operation to the date of recurrence. OS was calculated
from the date of operation to the date of death or last followup.
3. Statistical analysis
The best cut-off value of ANRI was determined by a
receiver operating characteristic (ROC) curve. The difference
between categorical variables was test by the Pearson chisquare test (two-tailed). Pearson bivariate correlate analyses
(two-tailed) were used to compare the correlations of these
categorical variables. Non-normally distributed numerical
variables were tested using a Mann-Whitney U test. Survival
curves (including stratified analysis) were plotted using the
Kaplan-Meier method and compared using the log-rank test.
The Cox proportional hazards model (Backward stepwise)
was used to determine the independent prognostic factors
based on variables selected on univariate analysis (with
p < 0.05), and the results were expressed as a hazard ratio
with a 95% confidence interval (95% CI). There are significant
differences when p-values are < 0.05, using two-tailed tests.
Statistical analyses performed using SPSS ver. 20.0 (IBM
Corp., Armonk, NY).
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Table 1. Relationship between ANRI and clinicopathological characteristics in ICC (n=184)
Category
Age (yr)
 60
> 60
Sex
Female
Male
Preoperative symptom
No
Yes
Cirrhosis
No
Yes
HBsAg
Negative
Positive
Tumor number
Single
Multiple
Tumor size (cm)a)
6
>6
Capsulation
No
Yes
Differentiationb)
W+M
P
Lymph node metastasis
No
Yes
Vascular invasion
No
Yes
TNMc)
I+II
III+IV
Resection margin
R0
R1
Biliary-intestinal anastomosis
No
Yes
Complication
No
Yes
Intraoperative blood loss (mL)a)
 400
> 400

(Continued to the next page)

540

CANCER RESEARCH AND TREATMENT

ANRI

2

r

p-value

58 (49.6)
32 (47.8)

0.056

-

0.813

40 (47.1)
54 (54.5)

45 (52.9)
45 (45.5)

1.026

-

0.311

51
133

26 (51.0)
68 (51.1)

25 (49.0)
65 (48.9)

0.000

-

0.986

138
46

70 (50.7)
24 (52.2)

68 (49.3)
22 (47.8)

0.029

-

0.865

133
51

67 (50.4)
27 (52.9)

66 (49.6)
24 (47.1)

0.097

-

0.755

121
63

60 (49.6)
34 (54.0)

61 (50.4)
29 (46.0)

0.318

-

0.573

97
87

42 (43.3)
52 (59.8)

55 (56.7)
35 (40.2)

4.980

–0.165

0.026

111
73

58 (52.3)
36 (49.3)

53 (47.7)
37 (50.7)

0.152

-

0.697

125
59

60 (48.0)
34 (57.6)

65 (52.0)
25 (42.4)

1.487

-

0.223

111
73

51 (45.9)
43 (58.9)

60 (54.1)
30 (41.1)

2.959

-

0.085

174
11

90 (52.0)
4 (36.4)

83 (48.0)
7 (63.6)

1.015

-

0.314

79
105

39 (49.4)
55 (52.4)

40 (50.6)
50 (47.6)

0.164

-

0.686

108
76

60 (55.6)
34 (44.7)

48 (44.4)
42 (55.3)

2.089

-

0.148

158
26

83 (52.5)
11 (42.3)

75 (47.5)
15 (57.7)

0.934

-

0.334

155
29

79 (51.0)
15 (51.7)

76 (49.0)
14 (48.3)

0.006

-

0.940

104
80

55 (52.9)
39 (48.8)

49 (47.1)
41 (51.2)

0.309

-

0.578

No.

 6.7 (n=94)

> 6.7 (n=90)

117
67

59 (50.4)
35 (52.2)

85
99
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Table 1. Continued
Category
Recurrence
No
Yes
WBC (109/L)
 10
> 10
Neutrophil (109/L)a)
 4.55
> 4.55
Platelet (109/L)
 300
> 300
AST (U/L)
 37
> 37
ALT (U/L)
 80
> 80
-GT (U/L)
 50
> 50
AFP (µg/L)
 200
> 200
CEA (µg/L)
 5.0
> 5.0
CA19-9 (U/mL)
 35
> 35

ANRI

2

r

p-value

18 (85.7)
72 (44.2)

12.848

–0.264

< 0.001

63 (42.6)
31 (86.1)

85 (57.4)
5 (13.9)

21.971

–0.346

< 0.001

93
91

30 (32.3)
64 (70.3)

63 (67.7)
27 (29.7)

26.679

–0.381

< 0.001

139
45

66 (47.5)
28 (62.2)

73 (52.5)
17 (37.8)

2.956

-

133
51

89 (66.9)
5 (9.8)

44 (33.1)
46 (90.2)

48.122

0.511

< 0.001

158
26

91 (57.6)
3 (11.5)

67 (42.4)
23 (88.5)

18.952

0.321

< 0.001

50
134

24 (48.0)
70 (52.2)

26 (52.0)
64 (47.8)

0.262

-

0.609

176
8

89 (50.6)
5 (62.5)

87 (49.4)
3 (37.5)

0.436

-

0.509

107
77

53 (49.5)
41 (53.2)

54 (50.5)
36 (46.8)

0.247

-

0.619

65
119

37 (56.9)
57 (47.9)

28 (43.1)
62 (52.1)

1.370

-

0.242

No.

 6.7 (n=94)

> 6.7 (n=90)

21
163

3 (14.3)
91 (55.8)

148
36

0.086

ANRI, aspartate aminotransferase/neutrophil count ratio index; ICC, intrahepatic cholangiocarcinoma; HBsAg, hepatitis B
surface antigen; W+M, well+moderated differentiation; P, poor differentiation; WBC, white blood cell; AST, aspartate aminotransferase; ALT, alanine transaminase; -GT, -glutamyl transpeptidase; AFP, -fetoprotein; CEA, carcinoembryonic antigen;
CA19-9, carbohydrate antigen 19-9. a)Medians were used for cut-off values, b)According to the World Health Organization
(WHO) classification of tumors of the digestive system 2010, c)Based on seventh edition cancer staging manual of American
Joint Committee on Cancer.

Results
1. Demographic and clinicopathological characteristics
This study included 99 males (53.8%) and 85 females
(46.2%). The mean age of the cohort was 56.0 years (range, 24
to 82 years). There were 163 patients (88.6%) who developed
tumor recurrence and 152 patients (82.6%) died during the
observation period. The mean tumor size was 6.0 cm (range,

1.0 to 20.0 cm) at the greatest diameter. Elevated serum CA199 ( 35.0 U/mL) was observed in 119 patients (64.7%), and 63
patients (34.2%) had multiple tumor masses. Serum hepatitis
B surface antigen (HBsAg) was positive in 51 patients (27.7%),
and cirrhosis existed in 46 patients (25.0%). Additionally, 28
patients had a past history of surgery due to hepatolithiasis.
Tumor differentiation was defined according to the World
Health Organization classification of tumors of the digestive
system 2010 [10]. Tumors from 125 patients (67.9%) were well
moderated, and those from 59 patients (32.1%) were poorly
VOLUME 50 NUMBER 2 APRIL 2018
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Fig. 1. Receiver operating characteristic (ROC) curve and distribution of preoperative aspartate aminotransferase/neutrophil
count ratio index (ANRI) in different intrahepatic cholangiocarcinoma (ICC) subgroups. (A) ROC analysis was performed to
determine the optimal cut-off value of ANRI in patients with ICC after hepatectomy (cut-off value=6.7). The area under the
ROC curve for survival status was 0.703 (95% confidence interval, 0.604 to 0.802; p < 0.001), with a sensitivity of 81.3% and a
specificity of 57.9%. (B) Comparison of preoperative ANRI in ICC subgroups, stratified by tumor size, recurrence, and lymph
node metastasis (LNM). The proportions of ICC patients with declined preoperative ANRI along with tumor size > 6 cm,
recurrence, and with LNM are much higher than those with tumor size  6 cm, without recurrence, and without LNM,
respectively (all p < 0.05, Mann-Whitney U test). AUC, area under the curve.

differentiated. In addition, 79 patients (42.9%) were in TNM
stage I+II and 105 patients (57.1%) were in TNM stage III+IV
(Table 1).
2. Determination of an ANRI cut-off value
ANRI was calculated using the formula: ANRI=(AST
value/neutrophil count)109/U. According to ROC curve
analysis, the optimal cut-off value of ANRI was 6.7 for predicting postoperative prognosis. The area under ROC curve
for survival status was 0.703, with a 95% CI of 0.604-0.802
(p < 0.001) (Fig. 1A). The maximal Youden Index (sensitivity+
specifcity–1) showed a sensitivity of 81.3% and a specificity of
57.9%. Subsequently, all patients were divided into two
groups: a high ANRI group (> 6.7, n=90) and low ANRI group
( 6.7, n=94).
3. Relationship between ANRI and clinicopathological characteristics in ICC
The relationships between preoperative ANRI and clinicopathological variables were summarized in Table 1. The
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results showed that preoperative ANRI was related to tumor
size (2=4.980, p=0.026), tumor recurrence (2=12.848, p < 0.001),
white blood cell (2=21.971, p < 0.001), neutrophil count
(2=26.679, p < 0.001), AST (2=48.122, p < 0.001), and alanine
transaminase (2=18.952, p < 0.001). However, there were no
significance associations of ANRI with age, sex, cirrhosis,
HBsAg, tumor number, tumor differentiation, lymph node
metastasis, vascular invasion, TNM stage, and CA19-9 (all
p > 0.05) (Table 1).
4. Distribution of ANRI according to tumor size, recurrence,
and lymph node metastasis
The results indicated that preoperative ANRI in ICC
patients with a tumor size > 6 cm was markedly lower than
those with a tumor size  6 cm (p=0.003) (Fig. 1B). This tendency also existed in ICC patients with tumor recurrence and
lymph node metastasis, compared to those without tumor
recurrence and lymph node metastasis (p=0.003 and p=0.026,
respectively) (Fig. 1B).

Lingyun Liu, ANRI Predicts Prognosis of ICC

Table 2. Univariate analyses for prognostic factors of patients with ICC (n=184)
Category
Age (yr)
 60
> 60
Sex
Female
Male
Preoperative symptom
No
Yes
Cirrhosis
No
Yes
HBsAg
Negative
Positive
Child-Pugh class
A
B
No. of tumors
Single
Multiple
Tumor size (cm)a)
6
>6
Tumor differentiation
Well+moderated
Poor
Capsulation
Noncapsulated
Capsulated
Vascular invasion
No
Yes
TNM
I+II
III+IV
Resection margin
R0
R1
Lymph node metastasis
No
Yes
Biliary-intestinal anastomosis
No
Yes
Complication
No
Yes

No.

OS

p-value

DFS
1-Year (%)

3-Year (%)

p-value

1-Year (%)

3-Year (%)

117
67

34.2
41.8

13.4
11.2

0.723

20.5
25.4

10.9
11.9

0.437

85
99

47.1
28.3

15.6
8.1

0.014

30.6
15.2

14.6
8.5

0.035

51
133

41.2
35.3

16.7
10.1

0.464

27.5
20.3

10.5
11.4

0.575

138
46

39.1
30.4

12.6
8.6

0.303

23.9
17.4

11.7
9.9

0.268

133
51

36.8
37.3

13.1
9.5

0.916

23.3
19.6

11.9
9.8

0.465

164
20

36.0
45.0

11.3
25.0

0.272

20.7
35.0

9.5
16.7

0.148

121
63

43.0
25.4

15.3
5.5

0.003

28.1
11.1

13.8
6.3

0.001

97
87

46.4
26.4

17.6
7.9

0.006

33.0
10.3

16.2
5.7

< 0.001

125
59

42.4
25.4

16.4
6.1

0.002

25.6
15.3

13.20
7.60

0.02

111
73

35.1
39.7

8.4
17.7

0.206

21.6
23.3

9.30
14.10

0.647

173
11

38.2
18.2

13.6
0.0

0.112

22.5
18.2

12.10
0.0

0.114

79
105

46.8
29.5

18.2
6.1

0.002

32.9
14.3

19.6
5.3

0.003

108
76

42.6
28.9

20.1
0.0

0.001

28.7
13.2

17.0
2.60

0.001

111
73

43.2
27.4

17.7
3.9

0.003

29.7
11.0

15.5
5.1

0.011

158
26

38.0
30.8

13.0
13.5

0.504

23.4
15.4

11.2
11.5

0.607

155
29

38.1
31.0

12.8
23.0

0.389

23.9
13.8

11.8
9.2

0.127

(Continued to the next page)
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Table 2. Continued
Category
Intraoperative blood loss (mL)a)
 400
> 400
WBC (109/L)
 10
> 10
Neutrophil (109/L)a)
 4.55
> 4.55
Platelet (109/L)
 300
> 300
AST (U/L)
 37
> 37
ALT (U/L)
 80
> 80
-GT (U/L)
 50
> 50
AFP (µg/L)
 200
> 200
CEA (µg/L)
5
>5
CA19-9 (U/mL)
 35
> 35
ANRI
 6.7
> 6.7

No.

OS

p-value

DFS
1-Year (%)

3-Year (%)

p-value

1-Year (%)

3-Year (%)

104
80

42.3
30.0

13.5
12.1

0.068

25.0
18.7

12.4
10.0

0.024

148
36

39.2
27.8

13.9
10.0

0.214

24.3
13.9

11.9
8.3

0.088

93
91

44.1
29.7

17.1
9.1

0.034

28.0
16.5

13.7
8.8

0.031

139
45

37.4
35.6

13.0
14.7

0.754

22.3
22.2

11.0
12.3

0.963

133
51

36.1
39.2

8.9
20.3

0.284

21.1
25.5

7.6
16.3

0.425

158
26

36.7
38.5

9.8
34.6

0.083

20.3
34.6

8.5
26.9

0.092

50
134

48.0
32.8

12.3
13.5

0.275

28.0
20.1

9.9
10.1

0.292

176
8

36.9
37.5

13.1
0.0

0.658

22.7
12.5

11.2
0.0

0.259

107
77

44.9
26.0

17.7
6.6

0.008

29.9
11.7

13.4
5.5

0.001

65
119

43.1
33.6

12.0
13.9

0.324

24.6
21.0

8.3
11.2

0.554

94
90

30.9
43.3

3.8
26.6

0.004

13.8
31.1

3.2
20.9

0.003

ICC, intrahepatic cholangiocarcinoma; OS, overall survival; DFS, disease-free survival; HBsAg, hepatitis B surface antigen;
WBC, white blood cell; AST, aspartate aminotransferase; ALT, alanine transaminase; -GT, -glutamyl transpeptidase; AFP,
-fetoprotein; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; ANRI, aspartate aminotransferase/neutrophil count ratio index. a)Medians were used for cut-off values.

5. Prognostic factors for ICC
In this study, the 1-year and 3-year OS rates of all patients
were 37.0% and 13.0%, respectively. The 1-year and 3-year
DFS rates were 22.3% and 11.3%, respectively. The median OS
and DFS times were 10.0 and 4.0 months, respectively. Univariate analysis and the multivariate Cox’s proportional hazard regression model analysis were performed to identify the
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risk factors of prognosis. Univariate analysis revealed that preoperative ANRI (p=0.004), sex (p=0.014), tumor number
(p=0.003), tumor size (p=0.006), tumor differentiation
(p=0.002), TNM stage (p=0.002), resection margin (p=0.001),
lymph node metastasis (p=0.003), neutrophil (p=0.034), and
CEA (p=0.008) were prognostic factors for OS among the ICC
cohort (Table 2). The preoperative ANRI (p=0.003), sex
(p=0.035), tumor number (p=0.001), tumor size (p < 0.001),

Lingyun Liu, ANRI Predicts Prognosis of ICC

Table 3. Multivariate analyses for independent prognostic factors of patients with ICC (n=184)
OS

Category

DFS

HR (95% CI)

Tumor number (single vs. multiple)
Tumor size ( 6 cm vs. > 6 cm)
Tumor differentiation (W+M vs. P)
Resection margin (R0 vs. R1)
ANRI (> 6.7 vs.  6.7)

p-value

1.473 (1.048-2.069)
1.408 (1.013-1.959)
1.687 (1.202-2.366)
0.556 (0.401-0.770)
0.671 (0.482-0.934)

0.026
0.042
0.002
< 0.001
0.018

HR (95% CI)

p-value

1.725 (1.251-2.380)
1.501 (1.078-2.090)
0.580 (0.421-0.800)
0.664 (0.483-0.911)

0.001
0.016
0.001
0.011

Variables with p < 0.05 calculated by Kaplan-Meier method (log-rank test) were used in multivariate analysis (Cox proportional
hazards model, Backward stepwise). ICC, intrahepatic cholangiocarcinoma; OS, overall survival; DFS, disease-free survival;
HR, hazard ratio; CI, confidence interval; W+M, well+moderated differentiation; P, poor differentiation; ANRI, aspartate
aminotransferase/neutrophil count ratio index.

A

1.0

Overall survival (%)

0.8
0.6

Disease-free survival (%)

ANRI
> 6.7 (n=90)
≤ 6.7 (n=94)
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p=0.004
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≤ 6.7-censored

0.8
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p=0.003
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0

0

12

24
36
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Fig. 2. Kaplan-Meier survival curves of overall survival (A) and disease-free survival (B) for intrahepatic cholangiocarcinoma
patients with aspartate aminotransferase/neutrophil count ratio index (ANRI) > 6.7 and ANRI  6.7 in the entire cohort.
p-values were obtained by log-rank tests.

tumor differentiation (p=0.020), TNM stage (p=0.003), resection margin (p=0.001), lymph node metastasis (p=0.011),
intraoperative blood loss (p=0.024), neutrophil (p=0.031), and
CEA (p=0.001) were prognostic predictors for DFS in patients
with ICC after hepatectomy (Table 2). After multivariate
analysis, the results indicated that ANRI, tumor number,
tumor size, tumor differentiation, and resection margin were
significant independent prognostic markers of OS (all
p < 0.05), while ANRI, tumor size, differentiation, and resection margin were independent predictors of DFS (all p < 0.05)
(Table 3).

6. OS and DFS according to ANRI
Kaplan-Meier method was performed to clarify the influence of preoperative ANRI on patient survival. The results
indicated that the 1-year and 3-year OS rates of the ANRI  6.7
group were markedly lower than those of the ANRI > 6.7
group (30.9% and 3.8% vs. 43.3% and 26.6%, respectively,
p=0.004) (Table 2, Fig. 2A), while the 1-year and 3-year DFS
rates of the ANRI  6.7 group were also significantly lower
than those of the ANRI > 6.7 group (13.8% and 3.2% vs. 31.1%
and 20.9%, respectively, p=0.003) (Table 2, Fig. 2B). Therefore,
a low preoperative ANRI level was correlated with a poor survival outcome in patients with ICC after hepatectomy.
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Fig. 3. Kaplan-Meier survival curves of patients with intrahepatic cholangiocarcinoma after hepatectomy stratified by TNM
stage I+II (A, B), single tumor status (C, D), and without lymph node metastasis (E, F). p-values were obtained by log-rank
tests. ANRI, aspartate aminotransferase/neutrophil count ratio index.
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Fig. 4. Kaplan-Meier survival curves of patients with intrahepatic cholangiocarcinoma after hepatectomy stratified by R0
resection margin (A, B), without biliary-intestinal anastomosis (C, D), and Child-Pugh Class A (E, F). p-values were
obtained by log-rank tests. ANRI, aspartate aminotransferase/ neutrophil count ratio index.
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Fig. 5. Kaplan-Meier survival curves of patients with intrahepatic cholangiocarcinoma after hepatectomy stratified by serum hepatitis B surface antigen (HBsAg) negative (A, B), -fetoprotein (AFP)  200.0 µg/L (C, D), and carbohydrate antigen 19-9 (CA19-9)
> 35.0 U/mL (E, F). p-values were obtained by log-rank tests. ANRI, aspartate aminotransferase/neutrophil count ratio index.
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7. Prognostic values of ANRI in various subgroups of ICC
The research above confirmed that preoperative ANRI  6.7
was significantly correlated with lower OS and DFS rates in
patients with ICC. We further evaluated the prognostic significance of preoperative ANRI in various subgroups of ICC
patients. The data showed that preoperative ANRI was a
prognostic predictor for OS (p=0.004) and DFS (p=0.004) in
ICC patients with TNM stage of I+II (Fig. 3A and B). This predictive value of declined preoperative ANRI for poorer OS
and DFS also existed in the subgroups of single tumor, without lymph node metastasis, R0 resection margin, without biliary-intestinal anastomosis, Child-Pugh Class A, serum
HBsAg negative, AFP  200.0 µg/L, and CA19-9 > 35.0 U/mL
(all p < 0.05) (Figs. 3C-F, 4, 5). These results suggested that preoperative ANRI was a sensitive parameter to predict the survival of ICC patients after hepatic resection, especially in
various subgroups of patients with ICC whose prognosis is
difficult to estimate.

Discussion
Tumor recurrence or metastasis severely influenced the
prognosis of ICC after hepatectomy, a simple and effective
method to identify surgical patients at high risk of recurrence
is of great value for clinical work. In this study, we find ANRI
to be a reliable non-invasive prognostic biomarker for ICC
patients.
Inflammation and inflammatory biomarkers play a central
role in tumor progression, associating with tumor proliferation, survival and migration [11]. Neutrophils are a critical
component of the systemic inflammatory response and several studies have verified that the neutrophil count or neutrophil-lymphocyte ratio index were predictors of prognosis
in various malignancies [7,12,13]. In the present study, we
found that preoperative declined ANRI ( 6.7) showed earlier recurrence and poorer OS in ICC patients after hepatic
resection. Additionally, our data suggested that ANRI was
negatively related to tumor size and recurrence. These results
indicated that ANRI could reflect not only the hepatocyte
injury but also the tumor burden and disease development.
Both univariate analysis and multivariate analysis showed
that tumor size > 6 cm, poor differentiation, R1 resection
margin and declined ANRI were independent risk factors for
both poor OS and DFS of ICC patients after hepatectomy.
The results of further analysis showed that preoperative
ANRI had a significant predictive value for both OS and DFS
in ICC patients with TNM stage I+II, meaning that ANRI
could predict recurrence of early ICC. As one of the risk fac-

tors of ICC, chronic hepatitis B virus infection impacted
prognosis of ICC following resection [14]. It is usually more
difficult to estimate the survival of serum HBsAg-negative
patients. However, the data in this study indicated that
ANRI shows its markedly prognostic value in those ICC
patients. Furthermore, in subgroups with a single tumor,
without lymph node metastasis, a R0 resection margin, without biliary-intestinal anastomosis, Child-Pugh Class A, an
AFP  200.0 µg/L and an elevated CA19-9 level, preoperative
ANRI  6.7 also shows its significance in predicting poorer
OS and DFS.
These results showed that preoperative ANRI is a potential
efficient prognostic indicator of survival in patients with ICC
after hepatectomy. However, the exact reason for the association between declined preoperative ANRI and poor prognosis is not well understood. Our study showed that preoperative neutrophil count was markedly negatively correlated with ANRI, which means that patients with a lower
ANRI have relative neutrophilia. The critical role of neutrophil in systemic inflammation and tumor progression
might explain part of this phenomenon. Neutrophils were
reported to facilitate tumor cell invasion and migration by
secreting immune-reactive substances such as hepatocyte
growth factor [15] and neutrophil elastase [16]. In addition,
neutrophils can affect the prognosis of malignancy by
directly down-regulating the cellular immunity function of
the host [17]. ICC cells may recruit more neutrophils to the
tumor foci by expressing higher levels of chemokine ligand
5, which amplifies the inflammatory response and promotes
ICC metastasis and recurrence [18]. Furthermore, increased
neutrophils are regarded as an important composition of
compartments for circulating vascular endothelial growth
factor (VEGF) [19]. Patients with lower ANRI have relative
neutrophilia and may have a higher level of circulating
VEGF. It has been reported that autocrine VEGF/vascular
endothelial growth factor receptor 2 signaling promotes
growth of ICC cells, and apatinib inhibits anti-apoptotic cell
proliferation by suppressing the autocrine VEGF signaling
[20]. Therefore, apatinib may be considered as a candidate in
the treatment of ICC patients with lower preoperative ANRI.
There are some limitations in the present study. First, it is
a retrospective study of a single center and the sample size
is relatively small. Second, our data is mainly based on ICC
patients with predominant hepatitis B virus infection and
hepatolithiasis in China. Therefore, the results for application
in Western populations with predominant primary sclerosing cholangitis [21] or hepatitis C virus infection should be
further studied.
In conclusion, our study showed that preoperative
declined ANRI is a novel independent indicator for poor
prognosis of ICC patients after hepatectomy. ICC patients
with preoperative declined ANRI might benefit from close
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follow up and prophylactic personalized therapy.
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Evaluation of the Benefit of Radiotherapy in Patients with Occult Breast
Cancer: A Population-Based Analysis of the SEER Database
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Purpose
Few studies for occult breast cancer (OBC) have evaluated the effect of radiotherapy (RT)
after mastectomy or axillary lymph node dissection (ALND) with/without breast surgery.
Therefore, we investigated clinicopathologic factors of OBC with the impact of postoperative
RT to determine its prognostic significance using large population-based data.
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Materials and Methods
We performed a retrospective cohort study using the Surveillance, Epidemiology, and End
Results (SEER) database from 1983 to 2013. A total of 1,045 eligible patients with OBC
were identified. We compared overall survival (OS) using Cox proportional hazards regression
with propensity score matching after verifying an imbalance of prognosticators between RT
group (n=518) and non-RT group (n=479).
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Results
Patients with age < 70 (p=0.033), married marital status (p < 0.001), undergoing ALND
(p < 0.001), more examined lymph nodes (LNs) (p < 0.001), and more metastatic LNs
(p < 0.001) were more likely to receive RT. Multivariate analysis after propensity score
matching (n=798) showed that patients treated with RT survived significantly longer than
those without RT (5-year OS, 81.5% vs. 78.3%; p=0.014). A significantly prolonged OS was
observed when RT was given to patients treated with mastectomy (p=0.033), those treated
with ALND (p=0.036), or those with more than seven metastatic LNs (p=0.016).
Conclusion
RT may offer survival benefit in OBC even after mastectomy or ALND, especially in patients
with more than seven metastatic LNs. Further prospective studies are needed to validate
these findings.

Introduction
Occult breast cancer (OBC) is a rare type of breast cancer
which presents with axillary lymph node (LN) metastasis
without identified primary breast lesion [1,2]. Current
National Comprehensive Cancer Network (NCCN) guidelines recommend that axillary LN as well as ipsilateral breast
should be treated with modified radical mastectomy or axil│ http://www.e-crt.org │

Key words
Occult breast cancer, Radiotherapy, SEER program

lary LN dissection (ALND) plus whole breast radiotherapy
(RT) even with no detectable breast tumor [3]. However,
without prospective randomized trials due to its rarity, evidence on the managements of OBC comes from several retrospective studies including small number of patients [4-7].
Although systemic chemotherapy and endocrine therapy
are believed to be performed according to the recommendations for their relatively comparative stage, locoregional
managements for OBC such as breast conserving surgery
Copyright ⓒ 2018 by the Korean Cancer Association
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(BCS), mastectomy, ALND, or its combinations have been
variously implemented [8,9]. Previous studies suggested that
BCS or ALND plus RT resulted in similar recurrence and survival rates compared to mastectomy plus ALND [5-7]. The
first population-based data also demonstrated that both mastectomy plus ALND with/without postmastectomy RT and
BCS with ALND and RT showed better survival than ALND
alone but no difference between the formers was found [2].
However, from the standpoint of the radiation oncologist, no
studies have evaluated the effect of RT after mastectomy or
ALND with/without breast surgery. In addition, high-risk
patients who need more aggressive locoregional treatments
are not well-defined in the literature. Therefore, we investigated clinicopathologic factors of OBC with the impact of
postoperative RT to determine its prognostic significance
using large population-based data.

Materials and Methods
1. Data source and study cohort
We performed a retrospective population-based cohort
study using the Surveillance, Epidemiology, and End Results
(SEER) program of the National Cancer Institute in the
United States. For present study, we identified 1,411 patients
who were diagnosed with OBC (T0, N+) between January 1,
1983 to December 31, 2013 in SEER 18 registry research data
(Nov 2015 submission) using SEER*STAT software ver. 8.3.2.
Among these patients, those who presented with distant
metastasis (n=267) and those who were diagnosed with other
malignancy within 2 years after diagnosis of OBC (n=99)
were excluded.

section of four or more regional LNs as having taken ALND
according to the previous study of Walker et al. [2] which
also used SEER database from 1983 to 2006. Variables
included in subsequent analysis were outlined in Table 1.
3. Propensity score matching with multiple imputation
Because RT was not randomly assigned in our dataset,
multivariate model using Cox regression analysis alone may
not fully adjust many confounding factors and possible
selection bias. To evaluate the impact of RT more accurately,
we first compared the distribution of clinicopathologic factors between RT group and non-RT group; t test for continuous variables and chi-square test for categorical variables
were used. After verifying an imbalance of prognosticators
between two groups, we conducted a propensity score
matching. However, there were too many missing values in
the expression status of hormone receptor to match patients
each other. Therefore, multiple imputation methods as in the
study of Sagara et al. [10] were applied by MICE package in
R with the following variables: age at diagnosis (as continuous variable), race, marital status, number of examined LNs,
number of metastatic LNs and extent of operation. The
imputation was repeated to obtain five copies of the filledin data set to stabilize the results.
After imputing missing values, propensity score for RT
receipt was calculated for each patient using multivariate
logistic regression, considering all of the imbalanced factors
between RT and non-RT group: age at diagnosis (as continuous variable), marital status, ALND, number of examined
LNs, and number of metastatic LNs. Based on the results, we
performed propensity score matching with a 1:1 nearestneighbor method. Distribution of propensity scores was
depicted in S1 Fig.
4. Endpoint and statistical analysis

2. Variables
We extracted data on age at diagnosis, race, marital status,
year of diagnosis, tumor grade, laterality, extent of breast
operation, number of examined LNs, number of metastatic
LNs, use of RT, status of estrogen receptor (ER) and progesterone receptor (PR) expression, and overall survival (OS).
Race and marital status were simplified to three (white,
black, or other) and two (single or married) categories,
respectively. Extent of breast operation was classified into
three categories including mastectomy, lumpectomy and no
operation, according to the site specific surgery (1973-1997)
and Rx summ–Surg Prim Site (after 1998) code. An extent of
regional LN dissection was not specified in most cases in the
database. Thus, we regarded the patients who underwent
extended mastectomy, modified radical mastectomy, or dis-
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OS was defined as the duration from the date of diagnosis
to the date of last follow-up or death from any cause. For survival analysis, Kaplan-Meier method was used to estimate
survival curve and log-rank test was performed for the comparison of survival between the nominal variables. Cut-off
values for the number of examined or metastatic LNs were
determined by maximal chi-square test. All variables that
were significant in univariate analysis were put into multivariate analysis. Multivariate analysis was carried through
Cox proportional hazard regression. Factors with p > 0.10
were eliminated from the stepwise model. All statistical
analyses were conducted using R software ver. 3.2.4 (http://
cran.r-project.org). p-value of less than 0.05 was considered
statistically significant.
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Table 1. Patient and tumor characteristics
Characteristic
Age at diagnosis (yr)
Median (IQR)
< 40
40-69
 70
Race
White
Black
Others
Unknown
Marital status
Single
Married
Unknown
Year of diagnosis
1988-1997
1998-2003
2004-2008
2009-2013
Grade
1
2
3
Undifferentiated
Unknown
Laterality
Right
Left
Bilateral
Unknown
Estrogen receptor status
Negative
Positive
Unknown
Progesterone receptor status
Negative
Positive
Unknown
Breast operation
Mastectomy
Lumpectomy
Not done
Unknown
Axilla LN operation
ALND
ALNS ( 3)
Unknown

(Continued)

Table 1. Continued

No. of patients (%)
(n=1,045)
59 (51-69)
54 (5.2)
751 (71.9)
240 (23.0)
830 (79.4)
133 (12.7)
78 (7.5)
4 (0.4)
408 (39.0)
607 (58.1)
30 (2.9)
85 (8.1)
169 (16.2)
376 (36.0)
415 (39.7)
10 (0.1)
54 (5.2)
235 (22.5)
21 (2.0)
725 (69.4)
475 (45.5)
518 (49.6)
3 (0.3)
49 (4.7)
300 (28.7)
406 (38.9)
339 (32.4)
410 (39.2)
283 (27.1)
352 (33.7)
411 (39.3)
140 (13.4)
477 (45.7)
17 (1.6)
805 (77.0)
237 (22.7)
3 (0.3)

Characteristic

No. of patients (%)
(n=1,045)

Extent of operation
Mastectomy+ALND
Mastectomy alone
Lumpectomy+ALND
Lumpectomy alone
ALND alone
ALNS alone
Unknown
Radiotherapy
Not done
Done
Unknown
No. of examined LNs
Median (IQR)
No. of metastatic LNs
Median (IQR)

318 (30.4)
92 (8.8)
114 (10.9)
26 (2.5)
358 (34.2)
117 (11.2)
20 (1.9)
479 (45.8)
518 (49.6)
48 (4.6)
13 (6-20)
2 (1-6)

IQR, interquartile range; LN, lymph node; ALND, axillary
lymph node dissection; ALNS, axillary lymph node sampling.

Results
1. Patient characteristics and treatment patterns
A total of 1,045 patients were included in the final analysis.
Patient demographics were presented in Table 1. The median
age was 59 years (interquartile range [IQR], 51 to 69). Mastectomy was carried out in 411 patients (39.3%) and ALND
in 805 patients (77.0%). RT was delivered to nearly half of the
patients (49.6%). The median number of examined and
metastatic LNs were 13 (IQR, 6 to 20) and 2 (range, 1 to 6),
respectively. In terms of locoregional treatment, various combinations of surgical extent and RT were observed (S2 Table).
Around 23% of patients underwent breast operation with
ALND followed by RT (171 patients with mastectomy+
ALND+RT, 69 patients with BCS+ALND+RT). In contrast,
76 patients (7.3%) did not receive any treatment including
breast operation or RT, but underwent only axillary LN sampling (ALNS) or excision for less than four LNs.
2. Survival analysis in whole SEER cohort
The median follow-up duration was 56 months (IQR, 24 to
100). During follow-up period, 257 deaths (24.6%) from any
cause occurred and 5-year OS was 79.1%. Results of survival
analyses were summarized in Table 2. Univariate analysis
VOLUME 50 NUMBER 2 APRIL 2018
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Table 2. Univariate and multivariate analyses for OS in the study population
Characteristic
Age at diagnosis (yr)
< 70
 70
Marital status
Single
Married
Grade
1
2
3
Undifferentiated
ER expression
Negative
Positive
PR expression
Negative
Positive
Breast operation
Mastectomy
Lumpectomy
Not done
Axilla LN operation
ALNS ( 3)
ALND
Radiotherapy
Not done
Done
No. of examined LNs
<3
3
No. of metastatic LNs
7
>7

5-Year
OS (%)

Univariate
analysisa)

Multivariate
analysisb)

83.5
63.0

< 0.001

< 0.001

1(
2.71 (1.67-4.39)

73.8
83.3

< 0.001

-

-

88.9
83.5
77.3
79.8

0.900

-

-

76.9
83.1

0.025

0.064

1(
0.65 (0.42-1.02)

77.5
84.1

0.049

-

-

74.6
80.3
79.1

0.123

-

-

68.9
81.7

< 0.001

0.003

1(
0.42 (0.24-0.74)

74.8
82.1

0.001

0.010

1(
0.53 (0.33-0.86)

72.8
84.1

< 0.001

-

85.6
70.2

< 0.001

< 0.001

HR (95% CI)

1(
2.81 (1.65-4.80)

OS, overall survival; HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; LN, lymph
node; ALNS, axillary lymph node sampling; ALND, axillary lymph node dissection. a)p-value by log-rank test, b)p-value by
Cox proportional hazard model with backward stepwise regression.

revealed that age more than 70 years (p < 0.001), single marital status (p < 0.001), absence of hormone receptor expression (ER, p=0.025; PR, p=0.049), not performing ALND
(p < 0.001) or not doing RT (p=0.001), number of examined
LNs less than three (p < 0.001), and metastatic LNs more than
seven (p < 0.001) were poor prognosticators for OS. Survival
difference according to the surgical extent of breast was not
observed (p=0.123) (Table 2).
Multivariate analysis was performed including abovementioned factors. After adjustment of confounding factors, age
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more than 70 years (hazard ratio [HR], 2.71; p < 0.001), performing ALND (HR, 0.42; p=0.003) or doing RT (HR, 0.53;
p=0.010), and metastasis to more than seven LNs (HR, 2.81;
p < 0.001) were independently significant prognostic variables. The OS curves according to the significant prognosticators were demonstrated in S3 Fig.

Byoung Hyuck Kim, Radiotherapy in Occult Breast Cancer

A

1.0

0.8
Survival probability

Survival probability

0.8
0.6
0.4
0.2
0

B

1.0

12

24

36

48 60 72
Time (mo)

84

0.4
0.2

ALND
ALNS

0

0.6

0

96 108 120

RT (+)
RT (–)

0

12

24

36

48 60 72
Time (mo)

84

96 108 120

C

1.0

Survival probability

0.8
0.6
0.4
Mastectomy
Not done
Lumpectomy

0.2
0

0

12

24

36

48 60 72
Time (mo)

84

96 108 120

Fig. 1. Kaplan-Meier curve of overall survival in propensity score matched cohort according to the axillary lymph node dissection (ALND) (A), radiotherapy (RT) (B), and type of breast operation (C). ALNS, axillary lymph node sampling.

3. Survival analysis in propensity score matched cohort
We compared patient characteristics according to the
receipt of RT (S4 Table). Prior to matching, young patients
(p=0.033), patients with married marital status (p < 0.001),
patient treated with ALND (p < 0.001), patients with more
examined LNs (p < 0.001) and patients with more metastatic
LNs (p < 0.001) were more likely to receive RT. The observed
imbalances between two groups were corrected through
propensity score matching, as a result, none of the variables
was significantly different between two groups as presented
in S4 Table.

In the matched cohort, univariate analysis demonstrated
similar prognostic factors compared with results of unmatched cohort: age, marital status, ALND, RT, and number of
metastatic LNs. The status of hormone receptor (ER or PR)
and operation extent of breast did not affect OS. Survival
curves according to the treatment modality were shown in
Fig. 1. Following multivariate analysis also showed that
patients treated with RT survived significantly longer than
those without RT (5-year OS, 81.5% vs. 78.3%; p=0.014).
Additionally, impacts of age (p < 0.001), marital status
(p=0.047), ALND (p < 0.001), and number of metastatic LNs
(p < 0.001) on OS were maintained. Results of survival analyVOLUME 50 NUMBER 2 APRIL 2018
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Table 3. Univariate and multivariate analyses for OS in propensity score matched cohort
Characteristic
Age at diagnosis (yr)
< 70
 70
Marital status
Single
Married
Grade
1
2
3
Undifferentiated
ER expression
Negative
Positive
PR expression
Negative
Positive
Breast operation
Mastectomy
Lumpectomy
Not done
Axilla LN operation
ALNS ( 3)
ALND
Radiotherapy
Not done
Done
No. of examined LNs
<3
3
No. of metastatic LNs
7
>7

5-Year
OS (%)

Univariate
analysisa)

Multivariate
analysisb)

84.0
64.1

< 0.001

< 0.001

1(
2.81 (1.95-4.03)

75.1
83.7

< 0.001

0.047

1(
0.70 (0.50-0.10)

100
81.3
77.2
79.6

0.945

-

-

77.6
81.6

0.295

-

-

78.9
81.4

0.778

-

-

75.4
80.2
81.3

0.136

-

-

74.3
81.1

0.011

< 0.001

1(
0.44 (0.28-0.68)

78.3
81.5

0.049

0.014

1(
0.65 (0.46-0.92)

78.6
82.8

0.057

-

-

86.5
66.2

< 0.001

< 0.001

1(
3.09 (2.10-4.53)

HR (95% CI)

OS, overall survival; HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; LN, lymph
node; ALNS, axillary lymph node sampling; ALND, axillary lymph node dissection. a)p-value by log-rank test, b)p-value by
Cox proportional hazard model with backward stepwise regression.

sis in propensity matched cohort were summarized in Table 3.
4. Exploratory subgroup analysis assessing the benefit of RT
according to the characteristics
To identify a specific subgroup which could benefit from
RT, we conducted exploratory subgroup analysis in propensity score matched cohort. Overall, Fig. 2 plotted HR and 95%
confidence interval comparing OS according to the receipt of
RT for each patient characteristic. Patients responded differently to RT depending upon several factors. A significantly
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prolonged OS was observed when RT was given to patients
single marital status (5-year OS, 81.0% vs. 69.5%; p=0.001),
patients treated with mastectomy (5-year OS, 84.9% vs.
77.4%; p=0.033) (Fig. 3A), patients treated with ALND
(5-year OS, 83.3% vs. 78.8%; p=0.036) (Fig. 3B) or patients
with more than seven metastatic LNs (5-year OS, 70.7% vs.
59.7%; p=0.016). A trend toward improved OS by adding RT
was also detected in patients without expression of hormone
receptor (ER, 5-year OS, 79.7% vs. 75.2%; p=0.070 and PR,
5-year OS, 80.7% vs. 76.9%; p=0.053).
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Variable

Hazard ratio of overall survival

Age (yr)
Marital status
ER expression
PR expression
Breast operation

Axilla LN operation
No. of examined LNs
No. of metastatic LNs

p-value

< 70
≥ 70
Single
Married
Negative
Positive
Negative
Positive
Not done
Lumpectomy
Mastectomy
ALNS (≤ 3)
ALND
<3
≥3
≤7
>7

0.221
0.603
0.001
0.887
0.070
0.293
0.053
0.412
0.256
0.953
0.033
0.412
0.036
0.392
0.073
0.247
0.016
0.5

1.0
RT better

1.5

2.0

Non-RT better

Fig. 2. Hazard ratio and 95% confidence interval for overall survival according to the receipt of radiotherapy (RT) in the
subgroup of patients for each characteristic. ER, estrogen receptor; PR, progesterone receptor; LN, lymph node; ALNS,
axillary lymph node sampling; ALND, axillary lymph node dissection.

A

1.0

0.8
Survival probability

Survival probability

0.8
0.6
0.4
0.2
0

B

1.0
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Mastectomy/RT (–)

0

12
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36

48 60 72
Time (mo)

84

96 108 120

0.6
0.4
0.2
0

ALND (+)/RT (+)
ALND (+)/RT (–)

0
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Time (mo)

84

96 108 120

Fig. 3. Kaplan-Meier curve of overall survival in propensity score matched cohort according to the receipt of radiotherapy
(RT) in the subgroup of patients treated with mastectomy (A) and axillary lymph node dissection (ALND) (B).
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Discussion
The main purpose of this population-based retrospective
study was to evaluate the clinicopathologic factors affecting
OS as well as the impact of RT under different surgical conditions for OBC. Although ALND followed by breast RT is
accepted as one of the preferred strategy after many comparisons with mastectomy have been made, the impact of RT
after ALND or mastectomy compared with each surgical
treatment alone has not been exactly evaluated in previous
literatures [5-7]. It is hard to conduct a randomized trial
because of the rarity, therefore we used retrospective matching analysis using large database. To the best of knowledge,
present updated SEER analysis represents the largest cohort
to date in which survival outcome for OBC was analyzed.
Significant improvements in survival in the RT group compared with the non-RT group were generally observed, also
specifically in patients with single marital status, receiving
mastectomy, receiving ALND, and number of metastatic LNs
more than 7.
Treatment patterns varied over the years. Although mastectomy did not improve OS compared with breast-conserving therapy (BCT), there were quite a large proportion of
patients treated with mastectomy. Previous survey for the
members of the American Society of Breast Surgeons demonstrated that mastectomy with ALND preferred in 43%,
whereas ALND with whole breast RT in 37% [9]. A previous
study for OBC using the SEER data (1983-2006) demonstrated that number of patients who received BCT increased
from 29.8% before 1998 to 36.2% after 1998, whereas number
of patients who received mastectomy decreased from 50.2%
to 42% during the same period, which still held a significant
portion [2]. Although BCT is replacing mastectomy with the
advent of diagnostic imaging, mastectomy still have been
performed in many patients due to physician’s preference or
clinical factors, but the role of RT in these patients was also
not separately discussed in previous studies [11,12]. Our
analysis revealed that RT after mastectomy was an effective
adjuvant treatment to reduce mortality, as with survival benefit by adding RT in other node positive breast cancers
[13-15]. This survival benefit might derive from the comprehensive nodal irradiation, although the detailed RT field is
unavailable from the SEER database. Also, the NCCN guidelines do not mention this in detail. Therefore, physicians
should discuss with radiation oncologists to determine
whether postmastectomy RT is appropriate or not, even if
subsequent validation studies will be required
The standard recommendations in terms of RT field and
dose are not well defined in this rare disease. By reviewing
the contemporary studies using RT, Table 4 shows that most
of RT field includes ipsilateral breast in case of BCS, whereas
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there is not much information about chest wall irradiation
after mastectomy. Among them, Barton et al. [16] recommended the incorporation of ipsilateral breast RT due to the
higher 5-year local recurrence-free survival (84% vs. 34%,
p < 0.001) and relapse-free survival (64% vs. 34%, p=0.05).
The extent or frequency of regional nodal irradiation is also
varied for each study, so it is difficult to summarize the conclusions. However, more than 70% of patients received some
kinds of regional nodal irradiation, mainly including supraclavicular fossa. In terms of RT dose, a total dose of 40 to 60
Gy has been applied variously according to the surgical
extents and residual disease. A previous study showed that
no difference in the 5-year local recurrence-free survival (80%
vs. 90%, p=0.3) was found between patients who received
50 Gy versus more than 60 Gy [16]. The present study could
not address these aspects because information about the
exact delivery site of RT (whole breast irradiation, localized
axillary RT, or regional nodal irradiation) and RT dose was
not included in SEER data. Further specific guidelines will
be needed.
The benefit of adding RT is not limited just after mastectomy. Previous studies have rather recommended incorporation of breast RT with ALND. Historically, locoregional
recurrence was too high (around 50%) in patients who did
not receive breast treatment after ALND [17-19]. Shannon et
al. [17] reported that 69% of patients without breast RT
underwent locoregional recurrence; however, this figure
decreased to 12.5% in those receiving breast RT (p=0.02).
Vlastos et al. [12] also reported that patients who were
observed without breast treatment showed 50% OS, whereas
those who received breast RT after axillary surgery showed
83% OS. Therefore, “blind” treatment to the ipsilateral breast
seemed to be important. Our results showed that application
of RT has a positive effect on OS rate in both unmatched and
matched cohort. Especially, patients treated with ALND also
derived OS benefit from RT in subgroup analysis. A recent
meta-analysis including seven previous studies demonstrated that ALND plus RT was superior to ALND alone
regarding locoregional recurrence (12.7% vs. 34.3%, p < 0.01)
and there was a trend toward improved mortality rates (9.5%
vs. 31.4%, p=0.09) [20]. In addition, MD Anderson Cancer
Center reported that there were no local or regional failures
in 36 OBC patients dealt with contemporary imaging and
multimodal BCT [7]. These data supported our findings by
indicating that breast RT after axillary treatment only is
mandatory and ALND combined with RT also appears as an
attractive option to avoid mastectomy and its complications.
Therefore, mastectomy could be safely omitted in the setting
where a patient is willing to undergo breast RT after ALND.
One of the interesting points of our results was that the
extent of breast operation (mastectomy/lumpectomy/not
done) did not affect OS significantly. Instead, ALND was an

Royal
1975-2009
Marsden
Hospital
(UK)
Asan Medical 1992-2010
Center
(Korea)

Barton et al.
(2011) [16]

2000-2011

40

48

36

142

95

53

No. of
patients

(1) Mast+ALND: 12
(2) BCS+ALND: 17
(3) ALND±RT: 11

(1) Mast+ALND: 64
(2) ALND (+IBR): 13
(3) ALND: 18
(1) Mast+ALND: 54
(2) BCS+ALND: 56
(3) ALND: 32
Mast: 9
BCS: 27
ALND: 33
ALND: 39
ALNS: 9

ALND: 25 (47%)
ALNS: 28 (53%)

Breast/Axilla
treatments

28 (70)

35 (73)

33 (92)

85 (60)

47 (50)

43 (81)

RT use,
n (%)

Breast: 25 (89)
SCF/axilla: 22 (79)

Breast: 35 (100)
SCF: 27 (77)
Axilla: 5 (14)

Breast/chestwall: 33 (100)
SCF: 28 (85)

Unknown

Breast/axilla/SCF: 25 (58)
Breast/SCF: 4 (9)
Breast only: 12 (28)
Axilla/SCF: 2 (5)
Unknown

RT field, n (%)

60 Gy/30 fx: 12
50 Gy/25 fx or
40 Gy/15 fx: 19
Unknown: 4
Unknown

50 Gy

Unknown

45 Gy/20 fx
+boost to
the axilla
15 Gy/5 fx
Unknown

RT dose

Unknown

Median
FU (mo)

(1) 85
(2) 81
(3) 71
(1) 9a)
(2) 93
(3) 81
100

(1) 74
(2) 72
(3) 88

72

68

64

78

38

RT: 73
108
No-RT: 58 (surviving)
(p=0.007)

CSS
(5 yr, %)

IBR: 87
IBR: 84
No-IBR: 34 No-IBR: 85
(p < 0.001) (p=0.2)

100

(1) 90
(2) 89
(3) 70
Unknown

RT: 72
No-RT: 46

LRFS
(5 yr, %)

RT, radiotherapy; LRFS, local recurrence-free survival; CSS, cancer-specific survival; FU, follow-up; ALND, axillary lymph node dissection; ALNS, axillary lymph
node sampling; SCF, supraclavicular fossa; Mast, mastectomy; IBR, ipsilateral breast radiotherapy; BCS, breast-conserving surgery; MDACC, MD Anderson Cancer
Center. a)10-Year CSS.

Woo et al.
(2013) [21]

MDACC
(US)

Rueth et al.
(2015) [7]

1990-2009

Sohn et al.
(2014) [6]

1998-2010

Fudan
University
(China)
Multicenter
(Korea)

He et al.
(2012) [5]

Study
period

1974-2003

Institution
(country)

Masinghe et al. Edinburgh
(2011) [4]
Cancer
Centre (UK)

Author (yr)

Table 4. Summary of contemporary studies using radiotherapy for occult breast cancer
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important prognostic factor. Previous studies also reported
similar findings. The 5-year OS of BCS, mastectomy, and no
operation groups was 72.0%, 74.0%, and 87.5%, respectively,
with no significant differences observed between them
(p=0.49) in the study by Woo et al. [21]. He et al. [5] also
demonstrated that there were no differences in survival rates
between mastectomy, BCS, and no breast operation. This
may be due to the nature of OBC that an axillary clearance
rather than breast operation could further reduce overall
tumor burden. However, this does not mean that the breast
operation is not important. In our results, a significantly prolonged OS was observed when RT was given to patients
treated with mastectomy or ALND, not patients with lumpectomy or ALNS (Fig. 2). It is possible that there was a survival benefit of RT in the situations of more radical surgery.
Also, as with the previous literatures mentioned above, the
“blind” breast RT after BCS is effective for local control, but
this may not be translated into OS differences [5,16]. More
precise data are needed to clarify the impact of breast operation or blind breast RT on OS.
Regardless of the surgical approach, one of the most
important prognostic factors was the number of positive
nodes. Five-year OS was 85.6% with 1-7 positive nodes,
whereas only 70.2% with eight or more positive nodes. This
tendency was maintained regardless of propensity score
matching. Walker et al. [2] reported that more than 10 positive LNs were correlated with an unfavorable OS (HR, 2.04;
p=0.005). He et al. [5] also showed that patients with four or
more involved LNs had significantly worse outcomes (HR,
4.63; p=0.042 for survival and HR, 3.62; p=0.038 for recurrence). Recent multicenter study from Korea demonstrated
that patients who had N1 disease showed a fairly good
10year OS of 96.8% compared with 82.6% in N2 and 80.8%
in N3 disease (p=0.004) [6]. Therefore, adequate ALND
should be performed to identify accurate LN status and also
reduce the chance of occult nodal metastases. Additionally,
age over 70 years at diagnosis was found to be a poor prognosticator in multivariate analysis. Similar results have been
reported in the previous SEER data (RR, 1.06 with age as a
continuous variable; p < 0.001) [2]. It seems a little bit contradictory considering the poor prognostic impact of young
age in common breast cancer. Because the endpoint of our
study was OS but not breast cancer-specific survival, it is not
surprising that inferior survival outcomes were observed in
the elderly patients. However, unknown factors such as systemic treatment, intrinsic molecular subtype or histologic
grade might have induced the above results. In other literatures on OBC, no significant difference was reported according to the age-related parameters.
One of the major limitations of this study is an absence of
information on systemic chemotherapy and endocrine therapy due to the limitation of SEER data, thus could not be
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included in the analysis. The lack of these important factors
could make potential bias because of heterogeneous systemic
treatments during a relatively long period with improvements in outcome over the recent period, although one previous review for the managements of OBC reported that
most patients in United States (93%) had received chemotherapy [8]. Current NCCN guidelines recommend that systemic chemotherapy/endocrine therapy be given according
to the stage II or III disease as well as neoadjuvant therapy
also be considered for N2-3 disease [3]. In addition, the
effects of chemotherapy have not been reported to be particularly different in this orphan disease in relation to common
breast cancer. These observations emphasize the need for
additional large sample studies to better understand prognostic impacts of systemic chemotherapy/endocrine therapy
for this rare disease. There are another several limitations to
this study. Retrospective nature is an unavoidable weakness
although we tried to obtain unbiased comparison by using
propensity score matching. However, propensity score
matching itself could not solve the problem of hidden bias
caused by unexamined factors, and there were lots of missing values which were dealt with imputation methods. Last
but not least, failure patterns could not be analyzed. It is
important to point out that locoregional recurrence is not
captured in SEER data, being limited to survival outcomes.
Based on our results, RT may offer survival benefit in OBC
even after mastectomy or ALND, especially in patients with
more metastatic LNs. Combined ALND and RT irrespective
of breast operation may appear as the best treatment
approach in these patients favoring minimal invasive procedure. Age and number of metastatic LNs were also significant prognosticators. Individualized locoregional treatment
strategies based on certain risk factors needs to be further
investigated. Prospective studies with a sufficient sample
size are needed to validate these findings.
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Purpose
The role of consolidation chemoradiation (CCRT) after systemic chemotherapy in locally
advanced pancreatic cancer (LAPC) is still controversial. We aim to evaluate the effectiveness of CCRT in LAPC using systematic review and meta-analysis of prospective studies.
Materials and Methods
Prospective clinical trials of LAPC receiving chemotherapy with or without subsequent CCRT
were included in the analysis. We systematically searched in PubMed, MEDLINE, Embase,
and Web of Science. The primary outcome of interest was 1-year survival. Secondary endpoints were median overall survival, progression-free survival, toxicity, and resection rate.
Results
Forty-one studies with 49 study arms were included with a total of 1,018 patients receiving
CCRT after induction chemotherapy (ICT) and 954 patients receiving chemotherapy alone.
CCRT after ICT did not improve 1-year survival significantly in LAPC patients compared with
chemotherapy alone (58% vs. 52%). ICT lasted for at least 3 months revealed significantly
improved survival of additional CCRT to LAPC patients compared to chemotherapy alone
(65% vs. 52%). A marginal survival benefit of consolidation CCRT was noted in studies using
maintenance chemotherapy (59% vs. 52%), and fluorouracil-based CCRT (64% vs. 52%),
as well as in studies conducted after the 2010 (64% vs. 55%).
Conclusion
The survival benefit of ICT+CCRT over chemotherapy alone in treating LAPC was noted when
ICT lasted for at least 3 months. Fluorouracil-based CCRT, and maintenance chemotherapy
were associated with improved clinical outcomes.

Introduction
Although most pancreatic cancers are diagnosed at
advanced stage, around 50% of pancreatic cancer patients
present with localized disease without evident distant metastasis. Locally advanced pancreatic cancers (LAPC) include a
heterogenous spectrum of disease from borderline resectable
to unresectable tumors [1]. Chemoradiotherapy was once the
standard of care for LAPC [2]. With gemcitabine becoming
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the preferred treatment strategy for advanced pancreatic cancer [3], clinical trials comparing chemoradiotherapy with
gemcitabine alone in LAPC patients showed mixed results
[4,5]. Meta-analysis revealed similar clinical outcomes using
up-front chemoradiotherapy followed by chemotherapy versus chemotherapy alone in LAPC [6].
The development of induction chemotherapy (ICT) followed sequentially by consolidation chemoradiotherapy
(CCRT) was based on the rationale of sparing patients with
rapidly progressive disease from radical local radiotherapy.
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Some retrospective studies suggested that this approach
could improve survival of LAPC [7,8]. The only prospective
randomized trial evaluating CCRT in addition to chemotherapy revealed an increase in progression-free survival (PFS),
resulting in longer period without treatment (6.1 months vs.
3.7 months, p=0.02), and a decrease in local progression (32%
vs. 46%, p=0.03); while no survival benefit was observed [9].
However, the 68% minor to major radiation protocol violation in LAP07 study might underestimate the effect of
chemoradiotherapy [10]. Another possibility contributing to
the lack of overall survival (OS) benefit of CCRT might be
the dominant effect of metastatic disease due to ineffective
systemic chemotherapy.
Many prospective studies evaluating modern chemotherapy alone or ICT followed by CCRT in LAPC have been published, but the sample sizes of most studies were too small
to draw definite conclusions. To evaluate the efficacy of
CCRT after ICT and provide further information for the
design of clinical trials, we conducted a systematic review
and meta-analysis of prospective clinical trials that investigated the efficacy of chemotherapy alone or ICT followed by
CCRT in treating LAPC.

Materials and Methods
A protocol was developed to collect data from prospective
clinical trials for LAPC patients. The details were defined in
a prospectively registered protocol available online (PROSPERO identifier CRD42016047182). The reporting of the current study adheres to the criteria included in the Preferred
Reporting Items for Systemic Reviews and Meta-Analyses
(PRISMA) [11].
Prospective clinical trials published in English were identified by searching PubMed, Embase, MEDLINE, Web of Science from the date of inception of each database to January
2016. The search included the following terms: “pancreatic
cancer,” “pancreatic carcinoma,” “pancreatic adenocarcinoma,"
and “locally advanced,” “unresectable,” “non-metastatic.”
Additional clinical trials were identified by reviewing the
previous meta-analyses.

When the eligibility criteria were met, the full article was
then retrieved for further assessment. The discrepancies
between two investigators were resolved by consensus after
discussion.
2. Data extraction and study endpoints
Data were extracted independently by two investigators
(H.-J.C. and J.S.C.) using a predefined data extraction sheet.
The primary end-point was 1-year survival rate. Secondary
end-points were PFS, median OS, toxicity, and resection rate.
3. Statistical analysis
The current meta-analysis on 1-year survival rate was performed with R function metaprop in R package meta [12]
using R statistical software ver. 3.2.2 (R Foundation for Statistical Computing, Vienna, Austria). Both the fixed-effects
model and the random-effects model were used to perform
meta-analysis. We applied Freeman-Tukey double arcsine
transformation to 1-year survival rate to calculate the pooled
estimates of proportions and their corresponding 95% confidence intervals [13]. Heterogeneity between studies was
evaluated by I2 statistic with I2= 0%-24.9%, 25%-49.9%, and
 50% representing low, moderate, and high heterogeneity,
respectively [14]. The Cochran statistic was calculated to
assess the significance level of I2 statistic [15]. A p-value of
< 0.05 indicated a significant heterogeneity between studies,
and results generated by the random-effects models were
reported. Results from the fixed-effects models were
included when the homogeneity assumption was not violated (p > 0.05). Forest plot was used to display the probabilities of individual studies. The analysis was first performed
to assess the overall difference in 1-year survival rate
between the two treatment groups. Additional analyses were
performed by study year, randomization, resectability status,
number of chemotherapy agents, ICT duration, maintenance
chemotherapy, radiotherapy dosage, and radiosensitizer.
Statistical significance was determined by examining the 95%
confidence intervals (CIs). The comparison between chemotherapy versus ICT+CCRT was deemed statistically significant when the 95% CIs did not overlap. Funnel plot and
Egger’s regression asymmetry test were used to evaluate
publication bias [16,17].

1. Eligibility criteria
To be included in the meta-analysis, the study had to meet
all the following criteria: (1) patients were locally advanced
pancreatic ductal adenocarcinoma.; (2) prospective phase II
or randomized trials; (3) treatment with chemotherapy alone
or ICT followed by CCRT; (4) reported outcomes of interests,
including 1-year survival rate and median OS (S1 Table).

Results
Fig. 1 presents the flow chart depicting the study selection
process. After screening the titles or abstracts of 2,659 studies
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Studies identified (n=2,659)
Studies excluded based on abstract (n=2,467)
Abstract only (n=237)
Biology study (n=219)
Case report (n=69)
Duplicate (n=399)
Metastasis or resectable disease (n=333)
Phase I study (n=183)
Retrospective (n=54)
Other cancer (n=96)
Review or reply (n=296)
Technique report (n=566)
Meta-analysis (n=15)
Studies retrieved for detailed assessment (n=192)
Studies excluded based on full article (n=106)
Abstract only (n=22)
Metastasis or resectable disease (n=18)
Duplicate (n=3)
No survival data (n=8)
Not English (n=12)
Retrospective (n=35)
Other cancer (n=2)
Phase I or case report (n=4)
Review (n=2)
Studies added after reviewing other
meta-analysis studies (n=18)
Studies with 133 arms were considered (n=104)
Studies with 84 arms were excluded (n=63)
Radiotherapy alone (n=4)
Up-front CCRT (n=80)
Studies with 49 arms included in meta-analysis (n=41)
Chemotherapy alone (n=24)
ICT+CCRT (n=25)

Fig. 1. Flow chart of study selection. CCRT, chemoradiation; ICT, induction chemotherapy.

identified using key words described in “Materials and
Methods” (S2 Table), 192 studies were selected for full-text
assessment, of which 106 studies were excluded due to retrospective analysis or studies enrolling metastatic/resectable
patients, etc. (S3 Table). Another 18 studies were added after
reviewing other meta-analyses of LAPC treatment. Of the
110 studies with 134 study arms, 85 arms were excluded due
to studies using radiotherapy alone or upfront chemoradiotherapy (S4 Table). The 41 studies in the final meta-analysis
included 12 randomized studies and 29 phase II studies (S5
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Table). The quality of each trial was evaluated (S6-S9 Tables).
Of the 49 study arms, 24 arms were chemotherapy alone
(Table 1) [18-35] and 25 arms were ICT followed by CCRT
(Table 2) [35-58].
A total of 1,018 patients received ICT+CCRT, and 954
patients received chemotherapy alone. Twelve (50%) and six
(24%) study arms of chemotherapy alone and ICT+CCRT,
respectively, administered single chemotherapy agent.
Twelve and eight studies used 5-fluorouracil and gemcitabine, respectively, as radiosensitizer. Two studies using

1985
1988

1998

2005
2007

2008
2010
2011
2011
2011
2012

2012

2012

2013
2013
2013
2012

Klaassen et al. [19]
GITSG [20]

Todd et al. [21]

Conroy et al. [22]
Isacoff et al. [23]

Chauffert et al. [24]
Ishii et al. [25]
Loehrer et al. [26]
Sahora et al. [27]
Sahora et al. [28]
Lee et al. [29]

Nakai et al. [30]

Ozaka et al. [31]

Heinemann et al. [32]

31
136b)

31
31
33
66
68
68

18
13

13
15

60
50
37
25
33
43

11
54

38

44
21

15

Patients

100/?
0/100

0/100
0/100
0/100
0/100
0/100
0/100

0/100
0/100

0/100
0/100

0/100
0/100
0/100
48/52
45/55
100/?

0/100
0/100

0/100

0/100
0/100

0/100

BR/UR (%)

na
24

22
16.6
16.1
na
na
na

na
na

na
na

24
na
15
24
6-9
9-27a)

16
24+

na

na
na

na

Tx duration
(wk)

5FU 500 mg/m2 weekly
+CCNU 100 mg/m2 every 6 wk
5FU 600 mg/m2 weekly
5FU 600 mg/m2 D1, 8, 29, 36+streptozocin 1
+MMC 10 mg/m2 every 8 wk
5FU 200 mg/m2 once a day+LV 30 mg/m2 weekly
+MMC 10 mg/m2 every 6 wk
+Dip 75 mg/m2 once a day
FOLFIRINOX
5FU 200 mg/m2 once a day
+LV 30 mg/m2 weekly
+MMC 10 mg/m2 every 6 wk
Gem 1,000 mg/m2 weekly
Gem 1,000 mg/m2 weekly
Gem 1,000 mg/m2 weekly
Gem 900 mg/m2+Doc 35 mg/m2 weekly, 3/4 wk
Gem 900 mg/m2+Oxalip 60 mg/m2 weekly
Gem 1,250 weekly+Cape 950 mg/m2
bid 2 wk/3 wk
Gem 1,000 mg/m2 weekly
Gem 1,000 mg/m2 D1, 15+TS1 40 mg/m2
twice a day D1-14, every 4 wk
Gem 1,000 mg/m2 D1, 8, 15 every 4 wk
Gem 1,000 mg/m2 D1, 15+TS1 40 mg/m2
D1-14 every 4 wk
Gem 1,000 mg/m2 weekly
Gem 1,000 mg/m2 weekly+Upa 200 mg/m2 once a day
Gem 1,000 mg/m2 weekly+Upa 400 mg/m2 once a day
Gem 1,000 mg/m2 weekly
TS1 80-120 mg/m2 D1-28 every 6 wk
Gem 1,000 mg/m2 D1,
15+TS1 60-100 mg/m2 D1-14 every 3 wk
mFOLFIRINOX
Gem 1,000 mg/m2 weekly±erlo100 mg/m2 once a day

Chemotherapy

26.6
16.5

9.9
9.7
12.5
12.7
13.8
15.9

8.7
14.6

11
23.9

13
15
9.2
13.5
16
16.6

15.7
13.8

15.5

8.2
8

7.8

Median
OS (mo)

17.8
8.4

8.2
5.6
8.3
na
na
na

na
na

8.1
12.6

6.2
6
6.7
11.8
10
10

7.6
7.3

8

4.2
na

na

86
69

33.9
40.7
50.6
52
58
62

38.9
64.3

na
na

52
64
33
40
45.5
70

na
54

70

28
19

na

41.9
4

0
0
0
0
0
0

0
0

0
0

0
0
0
32
39
33

0
11.1

16

0
0

0

Median 1-Year survival Resection
PFS (mo)
rate (%)
rate (%)

BR, borderline resectable; UR, unresectable; Tx, treatment; OS, overall survival; PFS, progression-free survival; 5FU, 5-fluorouracil; CCNU, lomustine; na, not available;
MMC, mitomycin C; LV, leucovorin; Dip, dipyridamole; FOLFIRINOX, fluorouracil, lecovorin, irinotecan, oxaliplatin; Gem, gemcitabine; Doc, docetaxel; Oxalip,
oxaliplatin; Cape, capecitabine; TS1, tegafur/gimeracil/oteracil; Upa, upamostat; mFOLFIRINOX, modified fluorouracil, leucovorin, irinotecan, oxaliplatin; erlo,
erlotinib. a)References in S4 Table, b)Number of patient selected after 4-month chemotherapy.

Stein et al. [34]
Hammel et al. [35]

2015
2016

1981

Hazel et al. [18]a)

Ueno et al. [33]

Year

Author

Table 1. Baseline characteristics of 24 cohort groups of chemotherapy alone for meta-analysis
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1989
1996
2002
2003
2005
2006
2007
2007
2008
2008
2010
2010
2011
2011
2011
2012
2012
2013
2013
2013
2014
2014
2014
2015
2016

Wagener et al. [36]a)
Wagener et al. [37]
Epelbaum et al. [38]
Al-Sukhun et al. [39]
Mishra et al. [40]
Kurt et al. [41]
Ko et al. [42]
Goldstein et al. [43]
Moureau- Zabotto et al. [44]
Marti et al. [45]
Landry et al. [46]
Nakachi et al. [47]
Ch’ang et al. [48]
Crane et al. [49]
Milandri et al. [50]
Goldstein et al. [51]
Kim et al. [52]
Leone et al. [53]
Mukherjee et al. [54]
Mukherjee et al. [54]
Youl et al. [55]
Esnaola et al. [56]
Ke et al. [57]
Herman et al. [58]
Hammel et al. [35]
19
53
20
20
20
24
25
41
59
27
11
20
50
69
33
48
37
39
38
36
78
37
32
49
133

Patients
0/100
0/100
0/100
0/100
0/100
0/100
0/100
0/100
0/100
?/?
100/0
0/100
0/100
?/?
0/100
0/100
0/100
38/62
0/100
0/100
0/100
?/?
0/100
0/100
0/100

BR/UR (%)
5FUAdCDDP (6)
EpCDDP (2)
Gem (2)
PACE (2)
IrinoGem (1.5)
5FUGem (2)
GemCDDP (6)
Gem (1)
GemOx (2)
GemCDDP (2)
GemCDDP5FU (1.5)
GemTS1 (3)
GOFL (3)
cetGemOx (2)
GemOx (2)
GemOx (1)
GemCDDP (2)
GemOx (1)
GemCape (4)
GemCape (4)
Gem (2)
cetGemOx (1.5)
GemTS1 (1.5)
Gem (1)
Gem±erlo (4)

ICT
(regimen/mo)
5FU/40
5FU/40
Gem/50.4
5FU/47.6
Gem/50.4
Gem/50.4-54
Cape/50.4
5FU/54
5FUOx/55
GemCDDP/50.4
5FU/50.4
Gem/30b)
Gem/50.4
cetCap/50.4
Nil/25b)
5FU/54
Cape/54
Gem/50.4
Gem/50.4
Cape/50.4
Gem/52.5
Cap/54
TS1/50.4
Nil/33b)
Cape/54

CCRT
(CT/RT Gy)
Nil
EpCDDP
Gem
Nil
Nil
5FUGem
Nil
Gem (3)
Nil
GemCDDP
Gem
Gem
GOFL
60%c)
GemOx
GemOx
Gem
Nil
Nil
Nil
Nil
Nil
TS1
Gem
Erlo

Maintenance
CT
14
10.6
8
13.4
8.8
11
13.5
11.7
12.2
13
13.4
14.4
14.5
19.2
14
15.5
16.8
16.7
13.4
15.2
12.7
11.8
15.2
13.9
15.2

Median
OS (mo)
na
8.9
na
na
5.1
6
10.5
7.1
7.6
7
na
8.1
9.3
12.5
11
11
7.2
10.2
10.4
12
8.7
10.4
9.3
7.8
9.9

Median
PFS (mo)
52
49
30
52
20
35
62
46.3
52.1
48
61
54.2
68
66
63
70.2
69.1
65
64.2
79.2
53.6
48
75
59
65

1-Year
SR (%)

na
na
15
15
na
na
na
na
na
15.4
20
na
8
13
18
na
na
28
7.9
13.9
na
32.4
na
8
4

Resection
rate (%)

BR, borderline resectable; UR, unresectable; ICT, induction chemotherapy; CCRT, concurrent chemoradiation; CT, chemotherapy; RT, radiotherapy; OS, overall survival; PFS, progression-free survival; SR, survival rate; 5FU, 5-fluorouracil; Ad, adriamycin; CDDP, cisplatin; nil, no; na, not available; Ep, epirubicin; Gem, gemcitabine; PACE, cisplatin, ctyarabine, caffeine, 5FU; Irino, irinotecan; Gem, gemcitabine; Ox, oxaliplatin; GOFL, gemcitabine, oxaliplatin, 5FU, leucovorin; cet, cetuximab;
Cap, capecitabine; TS1, tegafur/gimeracil/oteracil; erlo, erlotinib. a)References in S4 Table, b)Stereotactic body radiotherapy, c)60% patients received maintenance
chemotherapy.

Year

Author

Table 2. Baseline characteristics of 25 cohort groups of induction chemotherapy plus chemoradiation for meta-analysis
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A
Study

No. of events

1985 Klaassen
12
1988 GITSG
4
1998 Todd
27
2007 Isacoff
29
2008 Chauffert
32
2010 Ishii
32
2011 Loehrer
12
2011 Sahora
10
2011 Sahora
15
2012 Lee
30
2012 Ozaka
7
2012 Ozaka
8
2012 Ueno
34
2013 Heinemann
11
2013 Heinemann
13
2013 Heinemann
17
2013 Ueno
39
2013 Ueno
42
2016 Hammel
94
2015 Stein
27
Random-effects model estimate:

No.

Proportion

95% CI

44
21
38
54
60
50
37
25
33
43
18
13
66
31
31
33
68
68
136
31

0.27
0.19
0.71
0.54
0.53
0.64
0.32
0.40
0.45
0.70
0.39
0.62
0.52
0.35
0.42
0.52
0.57
0.62
0.69
0.87
0.52

0.15-0.43
0.05-0.42
0.54-0.85
0.40-0.67
0.40-0.66
0.49-0.77
0.18-0.50
0.21-0.61
0.28-0.64
0.54-0.83
0.17-0.64
0.32-0.86
0.39-0.64
0.19-0.55
0.25-0.61
0.34-0.69
0.45-0.69
0.49-0.73
0.61-0.77
0.70-0.96
0.45-0.60
0

0.2

0.4
0.6
0.8
1-Year survival rate

1

Fig. 2. Forest plot of 1-year survival [19-21,23-29,31-58]. (A) Chemotherapy groups. (B) ICT+CCRT groups. CI, confidence
interval; ICT, induction chemotherapy; CCRT, chemoradiation. (Continued to the next page)

stereotactic body radiotherapy were without concomitant
chemotherapy.
The meta-analysis showed that 1-year survival rate was
not significantly different between chemotherapy alone
(52%; 95% CI, 45 to 60) and ICT+CCRT (58%; 95% CI, 53 to
62) (Fig. 2). Funnel plots disclosed significant publication bias
of both groups of studies (S10 Fig.). Studies using ICT+CCRT
had a significantly better 1-year survival rate than chemotherapy alone when the duration of ICT was 3 months or
more (65%; 95% CI, 60 to 70 vs. 52%; 95% CI, 45 to 60) (Table
3). In randomized trials, a significantly better survival rate of
the four ICT+CCRT studies was noted compared to that of
the thirteen chemotherapy alone studies (67%; 95% CI, 60 to
73 vs. 47%; 95% CI, 38 to 56) (Table 3). Similar observations
were noted in meta-analysis of median OS or median PFS as
end points with less statistical significance (S11 Table). For
both groups, smaller studies showed bias toward poorer survival. Of the 14 and 13 studies in chemotherapy alone and
ICT+CCRT groups, respectively, published after year 2010,
there was a trend of survival benefit in ICT+CCRT over

chemotherapy alone groups (64%; 95% CI, 60 to 68 vs. 55%;
95% CI, 47 to 61).
Combination chemotherapy as induction therapy did not
potentiate the benefit of consolidation CCRT compared to
those using single agent (58%; 95% CI, 52 to 64 vs. 58%; 95%
CI, 45 to 70) (Table 3). Maintenance chemotherapy after
ICT+CCRT did not significantly affect the 1-year survival
rate of LAPC compared to those with chemotherapy alone
(59%; 95% CI, 52 to 65 vs. 52%; 95% CI, 45 to 60). However,
in the 10 ICT+CCRT study arms using maintenance chemotherapy published after 2010, there appeared to be survival
benefit compared to those 15 study arms using chemotherapy alone (66%; 95% CI, 62 to 70 vs. 55%; 95% CI, 47 to 61).
The benefit of additional CCRT was not correlated with
radiation dosage and the regimen of radiation sensitizer.
However, a trend of survival benefit regarding ICT+CCRT
over chemotherapy alone was found for using fluorouracil
as radiosensitizer especially in studies published after 2010
(66%; 95% CI, 62 to 71 vs. 55%; 95% CI, 47 to 61).
Nine studies enrolling various proportion of patients with
VOLUME 50 NUMBER 2 APRIL 2018
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B
Study

No. of events

1989 Wagener
10
1996 Wagener
26
2002 Epelbaum
6
2003 Al-Sukhun
10
2005 Mishra
4
2006 Kurt
8
2007 Goldsteing
19
2007 Ko
16
2008 Marti
12
2008 Moureau-Zabotta
31
2010 Nakachi
11
2010 Landry
7
2011 Ch’ang
34
2011 Crane
46
2011 Goldsteing
34
2011 Milandri
21
2012 Kim
26
2013 Leone
25
2013 Mukjerjee
24
2013 Mukjerjee
28
2013 Youl
42
2014 Esnaola
18
2014 Ke
24
2015 Herman
29
2016 Hammel
86
Random-effects model estimate:

No.

Proportion

95% CI

19
53
20
20
20
24
41
25
26
59
20
11
50
69
48
33
37
39
38
36
78
37
32
49
133

0.53
0.49
0.30
0.50
0.20
0.33
0.46
0.64
0.46
0.53
0.55
0.64
0.68
0.67
0.71
0.64
0.70
0.64
0.63
0.78
0.54
0.49
0.75
0.59
0.65
0.58

0.29-0.76
0.35-0.63
0.12-0.54
0.27-0.73
0.06-0.44
0.16-0.55
0.31-0.63
0.43-0.82
0.27-0.67
0.39-0.66
0.32-0.77
0.31-0.89
0.53-0.80
0.54-0.78
0.56-0.83
0.45-0.80
0.53-0.84
0.47-0.79
0.46-0.78
0.61-0.90
0.42-0.65
0.32-0.66
0.57-0.89
0.44-0.73
0.56-0.73
0.53-0.62
0

0.2

0.4
0.6
0.8
1-Year survival rate

1

Fig. 2. (Continued from the previous page)

borderline disease had a trend of better survival. The survival benefit of ICT+CCRT over chemotherapy was not
observed in studies enrolling unresectable disease alone or
both borderline and unresectable pancreatic cancer (Table 3).
Twenty studies reported resection after chemotherapy with
or without chemoradiation. There was no significant correlation between resection and the use of CCRT (ICT+CCRT,
13%; 95% CI, 9 to 18 vs. chemotherapy alone, 23%; 95% CI,
11 to 34).
Seven of the 24 ICT+CCRT studies (29.2%) and nine of the
22 chemotherapy alone studies (40.9%) reported grade 3/4
toxicity rate of more than 30%. The development of hematologic (19%; 95% CI, 14 to 24 vs. 23%; 95% CI, 16 to 30) and
non-hematologic toxicity (19%; 95% CI, 14 to 24 vs. 15%; 95%
CI, 11 to 20) was not significantly different between ICT+
CCRT and chemotherapy alone.
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Discussion
The latest meta-analysis of randomized trials demonstrated no survival benefit of upfront chemoradiotherapy followed by chemotherapy versus chemotherapy alone [6].
Recent prospective clinical trials evaluating the role of CCRT
after ICT in LAPC patients still revealed no survival benefit
over chemotherapy alone [9]. Investigators suggested the
incorporation of more active combination chemotherapy as
induction therapy and modern radiotherapy techniques into
the design of future clinical trials. To address the issue and
provide further information, we conducted this systemic
review and meta-analysis.
We found that there was no survival benefit of CCRT after
ICT for LAPC from meta-analysis of 41 selected prospective
clinical trials. The lack of survival benefit of CCRT in addi-

Jeffrey S. Chang, CCRT for Locally Advanced Pancreatic Cancer

Table 3. Comparison of 1-year survival between ICT+CCRT vs. CT
Treatment
All
CT
ICT+CCRT
Randomization
No
CT
ICT+CCRT
Yes
CT
ICT+CCRT*
Resectability status
Unresectable only
CT
ICT+CCRT
Borderline and unresectable
CT
ICT+CCRT
No. of chemotherapy agents
One
CT
ICT+CCRT
Two or more
CT
ICT+CCRT
ICT duration
CT
ICT+CCRT with ICT < 3 mo
ICT+CCRT with ICT  3 mo*
Maintenance CT
CT
ICT+CCRT without maintenance CT
ICT+CCRT with maintenance CT
RT dosage
CT
ICT+CCRT with RT dosage < 50 Gy
ICT+CCRT with RT dosage  50 Gy
Radiosensitizer
CT
ICT+CCRT with gemcitabine
ICT+CCRT with fluorouracil
ICT+CCRT with other
Study year
Before 2010
CT
ICT+CCRT
2010 or after 2010
CT
ICT+CCRT

No. of studies

Meta-1-year survival (95% CI)

I2

45
20
25

0.55 (0.51-0.59)
0.52 (0.45-0.60)
0.58 (0.53-0.62)

70.6
78.3
59.7

6
21

0.65 (0.53-0.76)
0.55 (0.50-0.61)

73.9
59.7

13
4

0.47 (0.38-0.56)
0.67 (0.60-0.73)*,a)

78.1
0

16
20

0.50 (0.42- 0.58)
0.57 (0.51- 0.63)

76.1
64.8

4
5

0.62 (0.40-0.82)
0.59 (0.52-0.66)a)

85.4
28.4

11
6

0.48 (0.40-0.57)
0.56 (0.47-0.65)

77.2
64.4

9
19

0.58 (0.45-0.70)
0.58 (0.52-0.64)

80.0
60.5

20
18
7

0.52 (0.45-0.60)
0.55 (0.48-0.61)
0.65 (0.60-0.70)*,a)

78.3
63.2
0

20
10
15

0.52 (0.45-0.60)
0.56 (0.47-0.64)
0.59 (0.52-0.65)

78.3
62.1
59.0

20
5
20

0.52 (0.45-0.60)
0.56 (0.48-0.63)a)
0.58 (0.52-0.64)

78.3
0
66.5

20
8
12
3

0.52 (0.45-0.60)
0.50 (0.38-0.61)
0.64 (0.60-0.68)a)
0.56 (0.48-0.65)a)

78.3
73.7
40.7
1.3

5
10

0.45 (0.28-0.62)
0.46 (0.40-0.51)a)

84.0
40.6

15
15

0.55 (0.47-0.62)
0.64 (0.60-0.68)a)

74.3
9.9

ICT, induction chemotherapy; CCRT, chemoradiation; CT, chemotherapy; CI, confidence interval; RT, radiotherapy. *p < 0.05.
a)
Based-on fixed-effects models.
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tion to chemotherapy was probably attributed to reasons
including short duration of ICT, non-effective ICT regimen,
non-optimal radiosensitizer, no maintenance chemotherapy
in most clinical trials.
Subgroup analysis showed significant survival benefit of
ICT+CCRT over chemotherapy alone when the duration of
ICT lasted for at least three months. Consistent with our
observation, a retrospective study from Johns Hopkins Hospital also demonstrated a significantly decreased cumulative
incidence of progression (p=0.008) and a trend toward better
OS (19.4 months vs. 15.7 months, p=0.10) in patients who
received > 2 cycles of chemotherapy before CCRT in LAPC
[59].
The role of maintenance chemotherapy following ICT+
CCRT of LAPC is unknown. The CAIRO3 study evaluated
the benefit of maintenance chemotherapy in metastatic colorectal cancer and found a significant improvement of PFS
(11.7 months vs. 8.5 months, p < 0.001) [60]. A retrospective
study in pancreatic cancer also demonstrated the survival
benefit of maintenance capecitabine after adjuvant treatment
compared to adjuvant treatment alone with OS of 48.4
months vs 22.0 months (p < 0.001) [61]. In this study, a trend
of survival benefit of additional CCRT was noted by the 27
clinical trials published after year 2010 that provided maintenance chemotherapy.
Previous randomized trials revealed that the combination
regimen of FOLFIRINOX (fluorouracil, leucovorin, irinotecan, oxaliplatin) and gemcitabine plus nab-paclitaxel
improved the OS of advanced pancreatic cancer significantly
compared to that treated with gemcitabine alone [62,63]. In
this analysis, we did not find the superiority of combination
chemotherapy compared to single agent in chemotherapy
alone studies, nor did we find the benefit of CCRT after ICT
using combination regimen for LAPC patients. This result
might be attributed to the lack of effective combination regimen in the 41 studies enrolled for meta-analysis. The ICT
regimen most often used in the 25 study arms of our metaanalysis was gemcitabine with platinum analog which failed
to improve survival over gemcitabine alone in several phase
III trials in advanced pancreatic cancer [64,65].
We found that ICT followed by 5-fluorouracil (5FU)-based
CCRT showed a trend of better survival compared to
chemotherapy alone. A recent randomized trial and a metaanalysis suggested a superiority for 5FU-based chemoradiotherapy over gemcitabine [66,67]. Investigators demonstrated that TS-1 or capecitabine had similar efficacy compared to gemcitabine as radiosensitizers, although TS-1 and
capecitabine were associated with fewer toxicities.
Our study has several limitations. The studies included in
our meta-analysis were conducted at different times and
resulted in heterogeneity in study subjects and treatment.
The improvements in diagnostic imaging resulted in more
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accurate clinical staging of pancreatic cancer. The definition
of LAPC had only been standardized recently. Some patients
are now being reclassified as borderline resectable due to
improvements in surgical techniques and perioperative care
[68]. Besides, the various radiation dosages, target volumes,
and techniques as well as different chemotherapy types and
dosages administered might have affected the study results.
Finally, potential publication bias exists for both the
chemotherapy alone and ICT+CCRT groups, with smaller
studies tended to show poorer survival. It is unclear how this
publication bias might have affected our results; however,
since the publication bias was in the same direction for both
treatment groups, the overall impact should have been minimal.
Consensus guidelines of radiotherapy in LAPC have been
developed to guide the desired doses and treatment volume
[69]. Gemcitabine/nab-paclitaxel combination and FOLFIRINOX have been shown to improve disease control compared
to gemcitabine alone in advanced pancreatic cancer. A recent
randomized trial suggested a superiority of capecitabine as
radiosensitizer over gemcitabine [66]. Investigator should
consider the adoption of more active chemotherapy regimens as induction therapy and the incorporation of maintenance chemotherapy. The value of high-dose ablative
stereotactic body radiotherapy should also be evaluated [70].
The development of biomarkers such as DPC4, Runx3 [1,71],
and radiation sensitivity analyses [72] to select patients at
high risk of developing local destructive disease for CCRT
treatment is warranted.
In summary, the role of CCRT after ICT in LAPC patients
is evolving. Our meta-analysis revealed no survival benefit
of CCRT in addition to chemotherapy for LAPC patients.
However, significant survival benefit of ICT+CCRT over
chemotherapy alone was noted when ICT lasted for at least
3 months. A trend of clinical benefit using 5FU-based CCRT,
and maintenance chemotherapy were also noted for LAPC.
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Purpose
The purpose of this study was to evaluate the clinical features and the long-term outcomes
of primary conjunctival marginal zone B-cell lymphoma (MZBCL) patients who were treated
with radiation therapy (RT).
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Materials and Methods
Retrospective data of 79 patients with 121 primary conjunctival MZBCL lesions were collected from January 1, 2001 till June 30, 2014. All lesions were treated by local RT (26 Gy)
with patient-specific customized lens-shielding device.
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Results
The current Korean patients’ cohort showed younger median age at diagnosis (38 years),
great female preponderance (78.5%) and more frequent bilateral involvement (53.2%) than
the previous studies. Following 26 Gy’s RT, excellent clinical outcomes were achieved:
5-year rates of overall survival, local relapse-free survival, and contralateral relapse-free survival were 100%, 98.1%, and 91.5%, respectively. Two patients (2.5%) developed local
relapse and five (6.3%) developed relapse at initially uninvolved contralateral conjunctiva
with median interval of 52.9 months, and late adverse events of grade 2 and 3 occurred in
seven (8.8%) and two (2.5%) patients, respectively.
Conclusion
26 Gy’s RT was highly effective and safe, with the use of lens-shielding device, in treating
patients with primary conjunctival MZBCL.
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Introduction

The current study aimed to evaluate the clinical features
and the long-term outcomes focused on conjunctival MZBCL
patients who were treated with 26 Gy of RT. To the best of
our knowledge, this is the largest patient series of conjunctival MZBCL treated with single modality of RT in a single
center.

Lymphomas arising in the conjunctiva include a heterogeneous group of histologic subtypes. Systematic review
including 1,014 conjunctival lymphoma patients from several
Western countries showed that B-cell lineage accounted for
a vast majority (98%) and the most common subtype was
extranodal marginal zone B-cell lymphoma (MZBCL) of
mucosa-associated lymphoid tissue, which is synonymous
with mucosa-associated lymphoid tissue lymphoma (81%)
[1]. There have been various options in treating conjunctival
MZBCL ranging from observation alone, single modality of
local or systemic therapy, and to combinations of local and
systemic modalities [1,2]. Though either observation alone
following biopsy was suggested by some groups based on
spontaneous regression [3,4], or antimicrobial doxycycline
was tried to those with active chlamydial infection [5,6], local
radiation therapy (RT) has traditionally been recommended
based on high local progression rate following these
approaches [7-13].
There are many clinical reports on RT in treating primary
adnexal ocular lymphoma; however, the reports which
exclusively concentrated on primary conjunctival lymphoma
are scarce [7,8,12,14,15]. Conjunctival lymphoma has distinctive clinical features compared with orbital lymphomas
involving other subsites. It is relatively easy to evaluate the
primary lesion without expensive imaging modalities. In
addition, it has relatively small tumor volume but is closer
to the corneal epithelium and the lens. Thus, low to moderate
dose of RT (20-30 Gy) have been used in the literature
[2,10,14,16]. However, there is no clear evidence regarding
RT dose as yet.

Materials and Methods
1. Patients
Primary conjunctival lymphoma is defined as the main
lesion originating from the conjunctival fornix and/or the
bulbar conjunctiva, but not the extension of the lesion to the
subconjunctival space from other subsites of the orbit.
Authors retrieved 95 patients who were pathologically diagnosed as having primary conjunctival lymphoma at our
institution from January 1, 2001, to June 30, 2014. The current
study was performed in accordance with the principles of
the Declaration of Helsinki, and the institutional review
board and ethics committee at our institution approved the
study protocol.
All patients underwent the initial staging workups including thorough physical examination, complete blood count
(CBC), liver function test, lactate dehydrogenase (LDH), 2
microglobulin level, chest X-ray, computed tomography (CT)
scans of the orbit, chest, abdomen, and pelvis, and bone marrow aspiration and biopsy from the iliac bone.
According to World Health Organization classification,
MZBCL was the most common in 90 patients (94.7%) and

Primary conjunctival lymphoma in 95 patients
(January 2001-June 2014)
Diffuse large B cell (n=3)
Follicular (n=1)
Mantle cell (n=1)
Marginal zone B-cell type in 90 patients
Recurrence following previous treatment (n=5)
Double primary cancer (n=4)
Systemic involvement (n=2)
Treated with radiation therapy in 79 patients (121 lesions)

Fig. 1. Patients’ enrollment.
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Fig. 2. The customized lens-shielding block, composed of a cerrobend alloy column mounted on the individually custommade acryl contact lens, was used to avoid irradiation to the lens.

other histologic subtypes included diffuse large B-cell lymphoma in three (3.3%), mantle cell lymphoma in one (1.1%),
and follicular lymphoma in one (1.1%), respectively. Among
90 MZBCL patients, 79 formed the basis of the current analysis after excluding eleven. The reasons for exclusion were
systemic involvement of MZBCL recognized thorough the
staging work-up in two patients, previous or current history
of malignancy other than MZBCL in four, and local recurrence following local excision alone or systemic chemotherapy alone (without RT) at other hospitals in five, respectively
(Fig. 1).
2. Radiation therapy
RT was delivered to 121 eyes in 79 patients. All patients
were placed in the supine position with thermoplastic mask
for immobilization. A customized acryl contact lens, which
was holding the lens shielding block to protect from radiation damage, was used individually (Fig. 2). After positioning this lens-shieling block in the eye, a single anterior
oblique 6 or 9 MeV electron beam was applied and the beam
angle was determined according to the individual patient.
The radiation dose was prescribed at 90% isodose line to
adequately cover the anterior orbit. A total of 26 Gy was
delivered with 2 Gy per fraction and five fractions per week.
3. Follow-up and statistical analysis
The initial response evaluation to RT was done in one to
two months of RT completion by the responsible ophthalmologist. Complete remission (CR) was defined as complete
resolution of clinical evidence of lymphoma in the conjunc-

tival region by physical examination without orbital involvement. A reduction of at least 50% in tumor size was denoted
as partial response (PR), whereas failure to attain the criteria
was referred to as stable disease. Further follow-up evaluations were scheduled regularly by the responsible ophthalmologist, radiation oncologist, and/or medical oncologist at
6 months’ interval thereafter. Physical examination, laboratory tests including CBC and LDH levels, and chest X-ray
were performed on a regular basis, and imaging studies
including CT, magnetic resonance imaging, positron emission tomographyCT, esophagogastroduodenoscopy, or
ultrasonography were optionally added. All relapsed cases
were pathologically confirmed with biopsy. Late adverse
events were also evaluated according to Common Terminology Criteria for Adverse Events ver. 4.0.
The durations of survival were from the last day of RT to
the date of the first observed event or death, and the survival
rates were calculated by Kaplan-Meier analysis. A p-value of
less than 0.05 was considered statistically significant. Statistical analysis was performed with SPSS ver. 23.0 (IBM Corp.,
Armonk, NY) and SAS software ver. 9.4 (SAS Institute Inc.,
Cary, NC).

Results
1. Patient characteristics
The median age of all 79 patients was 38 years (range, 16
to 68 years) and about four-fifths were female (62 patients,
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Fig. 3. Local relapse-free survival (A) and contralateral relapse-free survival (B) of 79 patients with primary conjunctival
marginal zone B-cell lymphoma treated with radiation therapy.

78.5%). About half of the patients (42 patients, 53.2%) had
synchronous bilateral involvement at time of diagnosis.
2. Initial response, relapse patterns, and survival outcomes
The initial response rate (CR+PR) following RT was 100%:
CR in 73 patients (92.4%); and PR in six (7.6%), respectively.
All six patients who initially achieved PR exhibited gradual
regression during the subsequent follow-up for 4-12 months.
The median follow-up period of all the patients was 61.3
months (range, 5 to 149 months). Local recurrence within the
radiation volume occurred in two patients (2.5%): one with
unilateral involvement developed local relapse in 7 years and
1 month; and the other with bilateral involvement did bilateral relapse in 6 years and 4 months. These two patients, following re-staging work-up procedures, received re-RT with
the same technique and were successfully salvaged until
5 years and 11 months and 4 years and 8 months following
re-RT. Five patients (6.3%) developed relapse at the initially
uninvolved contralateral conjunctiva in the median 52.9
months following RT (range, 11 to 76 months). Among them,
four patients were treated with re-RT and one declined
re-RT and has been on regular monitoring. All five patients
eventually achieved complete regression of recurrent lesion
without recurrence. There was no patient who developed
systemic relapse throughout the entire follow-up period. The
5-year rates of overall survival, local relapse-free survival,
and contralateral relapse-free survival were 100%, 98.1%, and
91.5%, respectively (Fig. 3). The initial response was not
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Table 1. Detail of adverse events following radiation therapy
Dry eye
Eye pain
Tearing
Cataract

Grade 1

Grade 2

Grade 3

Total

16
3
3
4

5
1
1
0

0
0
1
1

21 (26.6)
4 (5.1)
5 (6.3)
5 (6.3)

Values are presented as number (%).

associated with the risk of contralateral relapse (p=0.51). During the follow-up period, one patient was diagnosed as having pancreatic neuroendocrine tumor for which the patient
underwent surgery.
3. Adverse events
The adverse events following RT are summarized in Table 1.
Thirty-one patients among 79 (39.2%) developed at least one
of the adverse events related to RT: dry eye in 21 (26.6%), eye
pain in four (5.1%), tearing in five (6.3%), and cataract in five
(6.3%), respectively. Grade 3 adverse event was observed in
only one patient (1.3%) who developed tearing and cataract.

Ga-In Lee, RT for Primary Conjunctival Lymphoma

Discussion
Through this retrospective study for a large series of conjunctival MZBCL patients from a single institute, we could
depict clinical features and long-term outcomes of localized
conjunctival MZBCL. In this series, the high rate of MZBCL
in the conjunctival lymphoma (102/107, 95%) is a distinctive
feature considering the result of previous studies on Western
patients (68.4, 81.0%) [1,2]. The proportion of follicular lymphoma histology (1/107, 0.9%) also was much lower when
compared with the previous Western studies (8.0%-23%)
[1,2,17].
This patient series also denotes characteristic findings in
demographic aspects. Age at diagnosis is younger than other
ethnic groups; the mean age of Korean patients developing
orbital or conjunctival MZBCL was in the forties [12], while
that of other ethnic groups were in the sixties [1,2,17,18].
Female predominance of 78.5% is also a distinctive feature
in the current study. Sex distribution in conjunctival lymphoma varies to the studies; meanwhile, Kirkegaard et al. [1]
reported that there was no noticeable sex predilection in conjunctival MZBCL in the large-series multicenter study for
Western patients (1.05:1) [2,19]. The high rate of bilateral
involvement (53.2%) is also a noticeable feature in this study
compared with other studies (14.0%-37.0%) [1,2,10,15]. These
demographic characteristics may suggest genetic and environmental influences on the pathogenesis of conjunctival
MZBCL in Korean patients.
The standard RT dose has not been established yet in conjunctival MZBCL. Several studies were performed for ocular
adnexal MZBCL to find optimal radiation dose schedule to
minimize the risk of side effects [1,7,9,12-15,20]. Uno et al. [8]
reported that radiation target volume should include the
entire conjunctiva and the eyelid with the dose of 36 Gy in
order to reduce the recurrence rate. On the other hand, radiation dose of 36 Gy was found to be accompanied by the
adverse effects such as radiation-related retinopathy or
corneal ulceration in many cases [8]. Bayraktar et al. [19] recommended that radiation dose of  30.6 Gy be given to stage
I ocular adnexal MZBCL to avoid recurrences. Woolf et al.
[13] noted that 100% local control rates and acceptable toxicity could be achieved with the median dose of 30 Gy for the
ocular adnexal lymphoma. International Lymphoma Radiation Oncology Group guideline demonstrated that the dose
range is normally 20-30 Gy in indolent lymphoma including
follicular lymphoma and marginal zone lymphoma and the
lower end of this dose range is particularly in the eye because
of deleterious ophthalmologic toxicity above 36 Gy [21].
FORT trial showed 24 Gy in 12 fractions is the effective RT
regimen in the curative setting for indolent lymphoma,
although 93% of patients were follicular lymphoma and 11%

of patients were marginal zone lymphoma. Some authors
showed 24-25 Gy of RT is effective for ocular MZBCL [18,22].
Tran et al. [18] showed excellent local control rate (100% at 2
years and 92% at 5 years) with the radiation dose as low as
24-25 Gy in 24 patients with ocular adnexal MZBCL. In the
current study, excellent local control (98.1% at 5 years) was
achieved after 26 Gy of RT. A lower dose than 24 Gy might
be sufficient in conjunctival MZBCL. Further clinical study
is warranted to resolve this issue.
In the current study, local relapse was very low (2/79,
2.5%), but contralateral relapse in initially uninvolved site
was developed in five patients (6.3%) after median 52.9
months following RT. This might be a progression from unilateral disease to bilateral disease or a preexisting subclinical
microscopic disease which was overlooked at the initial evaluation [20,23]. The time to relapse following initial treatment
for conjunctival MZBCL showed a wide range of 2-7 years
in literature [8,10,12,14], which was in concordance with our
result of median 4.4 years. Accordingly, long-term follow-up
would be necessary to detect local or contralateral relapse
[15].
The lens of the eye is recognized as one of the most
radiosensitive organ. The threshold for cataract formation
after fractionated RT is known to be 4-5 Gy and about 15 Gy
causes a 50% probability of visual impairment [24]. Ohga et
al. [20] reported the incidence of grade 2 or higher cataract
to be 35.6% following median 30 Gy of RT for the ocular
adnexa lymphoma. Harada et al. [15] also showed that
cataracts developed in 36 of the 65 eyes (55.4%) treated without lens shielding after median 30 Gy of RT for ocular
adnexal MZBCL. The lens-shielding could be considered in
the RT planning of conjunctival lymphoma otherwise the
tumor is located very close to the lens. The development of
cataract was reported from 9% [13,20] to 27.4% [15] with the
lens shielding technique at 30 Gy of radiation for the ocular
adnexa lymphomas. Uno et al. [8] reported that no cataract
developed among 11 ocular adnexa lymphoma patients with
lens shielding effort. In the current study, cataract developed
in five patients (6.3%). Our customized lens-shielding technique was very effective.
The current study has a limitation of retrospective study
and selection bias from a single tertiary center. The predominance of MZBCL in conjunctiva and clinical features should
be warranted in population-based study. On other hand, the
current study has a few strong points: the largest number of
patients with long-term follow-up was included; homogeneous staging work-up procedures were performed; and the
standardized therapeutic protocol of RT with lens shielding
was applied to all patients.
In conclusion, we observed younger age, female predominance and higher proportion of bilateral involvement in
Korean conjunctival MZBCL patients. The 26 Gy of RT with
VOLUME 50 NUMBER 2 APRIL 2018

579

Cancer Res Treat. 2018;50(2):575-581

lens-shielding technique was effective in achieving excellent
local control and protecting from cataract formation. Longterm close monitoring would be necessary to detect local and
contralateral conjunctival relapse.
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Purpose
This study was performed to investigate the effectiveness of gastric cancer (GC) screening
methods in a community-based prospective cohort of the Korean Multi-center Cancer Cohort
(KMCC) with over a 10-year follow-up.
Materials and Methods
A total 10,909 and 4,773 subjects from the KMCC with information on gastroendoscopy
(GE) and upper gastrointestinal series (UGIS) were included in this study. Cox proportional
hazard model adjusted for age, sex, Helicobacter pylori infection, cigarette smoking, and
alcohol drinking was used to estimate the hazard ratios (HRs) and 95% confidence interval
(CI).
Results
The GE screened subjects had almost half the risk of GC-specific death than that of
unscreened subjects (HR, 0.58; 95% CI, 0.36 to 0.94). Among the GC patients, GE screenees had a 2.24-fold higher survival rate than that of the non-screenees (95% CI, 1.61 to
3.11). In particular, GE screenees who underwent two or more screening episodes had a
higher survival rate than that of the non-screenees (HR, 13.11; 95% CI, 7.38 to 23.30). The
effectiveness of GE screening on reduced GC mortality and increased survival rate of GC
patients was better in elderly subjects ( 65 years old) (HR, 0.47; 95% CI, 0.24 to 0.95 and
HR, 8.84; 95% CI, 3.63 to 21.57, respectively) than that in younger subjects (< 65 years
old) (HR, 0.66; 95% CI, 0.34 to 1.29 and HR, 1.83; 95% CI, 1.24 to 2.68, respectively). In
contrast, UGIS screening had no significant relation to GC mortality and survival.
Conclusion
The findings of this study suggest that a decreased GC-specific mortality and improved survival rate in GC patients can be achieved through GE screening.

Introduction
Gastric cancer (GC) is the fifth most common cancer, which
is a major disease burden worldwide in recent years [1]. In
Korea, GC is the second most common cancer after thyroid
cancer, and GC has the third highest cancer death rate among
all cancers [2]. The Korean government provides the
National Cancer Screening Program (NCSP), which is a cancer screening program for five common cancers (i.e., stom-
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ach, liver, colorectal, breast, and cervix uteri) in the general
population [3]. Under the NCSP, a GC screening program
involving a biennial gastroendoscopy (GE) or upper gastrointestinal series (UGIS) screening was implemented in
2002 for people aged 40 years and older [4]. The lifetime GC
screening rate under the NCSP was 83.4%, and the GC
screening rate based on the recommendation was 76.7% in
2014 [5]. In 2013, the participation rates in the NCSP for GC
was 42.4% [5]. Among subjects who received GC screening,
72.6% and 28.4% underwent GE and UGIS screening, respec-
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tively, as a primary screening tool within the total Korean
population [4].
Prior studies have evaluated the effects of GC screening
among GC patients [6,7]. Those studies reported a higher
likelihood of GC diagnoses in screenees than in non-screenees [6] and a relationship between the history of GC screening and advanced GC [7]. A case-control study also reported
that GC patients admitted through a GE screening center had
higher survival probability relative to those who were
admitted through an outpatient clinic [8]. A retrospective
cohort study using the NCSP data indicated that GE screening had higher sensitivity than that of UGIS screening for GC
diagnosis [9]. However, that study was not focused on the
associations between the GC screening methods and GC
incidence, mortality, and survival. Moreover, studies on
assessing the effectiveness of GC screening tools were rarely
based on a population-based prospective cohort study.
Therefore, the aim of this study was to investigate the
effectiveness of GC screening for assessing the GC incidence,
GC-specific death, and GC survival probability in a community-based prospective cohort. Additionally, this study also
evaluated the relative effectiveness of the two types of GC
screening methods (GE and UGIS) used in Korea.

Materials and Methods
1. Study design and study population
The Korean Multi-center Cancer Cohort (KMCC) is a community-based prospective cohort with subjects from four
areas of Korea (Haman, Chungju, Uljin, and Youngil). The
KMCC data used in this study were collected from 1993 to
2004. Information on lifestyle factors and environmental factors were obtained from a questionnaire by well-trained
interviewers. Anthropometric indices such as height, weight,
waist circumference and hip circumference were also measured. The KMCC is explained in more detail in a previous
report [10]. A total of 10,909 and 4,773 subjects had survey
records on GE and/or UGIS screening information (screened
and unscreened). The GE and UGIS screening status was
classified into two groups (screened and unscreened) for
each screening method. Each of the screened groups was further divided into three subgroups: low-frequency (one
screening episode), high-frequency (two or more screening
episodes) screening groups and unknown or missing group.
There were 1,336 and 30 subjects with an unknown frequency for GE and UGIS screening, even though they had
undergone screening.
The Institutional Review Boards of Seoul National Univer-

sity Hospital (H-0110-084-002) and the National Cancer Center of Korea approved this KMCC-based study protocol
(C-1310-082-528).
2. Outcome and follow-up
The main outcomes were GC incidence and GC-specific
death. GC survival rate in post-diagnosis GC patients was an
additional outcome variable. The incidences of GC (International Classification of Diseases for Oncology, third edition
[ICD-O-3]: C16) were ascertained by linking the KMCC data
to the National Cancer Registry until December 31, 2013, and
GC-specific deaths (International Classification of Diseases,
10th edition [ICD10]: C16) were ascertained by linking the
Nationwide Death Certificate databases until December 31,
2014.
3. Assessment of exposure
Information on screening was obtained from a selfreported questionnaire at baseline. Data on age (age at baseline), sex (men and women), cigarette smoking (never
smoker, former smokers, and current smokers), and alcohol
consumption (never drinker, former drinker, and current
drinker) was obtained from the KMCC. Body mass index
(BMI, kg/m2) was calculated from the height and weight
measured directly during the physical examination at base
line. To determine Helicobacter pylori infection (positive and
negative), immunoblot assay (Helico Blot 2.1, MP Biomedicals Asia Pacific, Singapore) was done with plasma samples
collected at baseline. Our cohort only had collected blood
and urine samples at baseline; thus, we could not do the
Campylobacter-like organism test and urea breathe test which
requires a biopsy and breathe sample. Nevertheless, this
assay has several strengths. It detects the H. pylori IgG antibody which decreases slowly, and it indicates not only current infection but also past infection [11].
4. Statistical analysis
Comparison of screened and unscreened group characteristics was done by Student’s t test for continuous variables
and chi-square test for categorical variables. We estimated
hazard ratios (HRs) and 95% confidence intervals (CI) with
the Cox proportional hazard model after adjusting for age,
sex, H. pylori infection (yes vs. no), cigarette smoking (yes vs.
no), and alcohol consumption status (yes vs. no). p for trend
were estimated by assigning scores for the categories of
screening episodes from 1 for the lowest screening episode
to 2 for the highest screening episode as a continuous variable. We conducted subgroup analysis with the frequencies
of screening as the once group and the twice or more group.
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Table 1. Baseline characteristics of screenees and non-screenees by GE or UGIS screening
GE screening
Characteristic

Unscreened
(n=6,553)

Screened
(n=4,356)

Proportion in total subjects (%)
Age (yr)
Sex
Male
Female
Body mass index (kg/m2)
< 25
 25
Missing
Education (schooling year)
< 12
 12
Missing
Smoking status
Never
Former
Current
Missing
Alcohol drinking status
Never
Former
Current
Missing

60.1 (
57.3±11.7

39.9 (
58.0±10.3

2,564 (39.1)
3,989 (60.9)

1,803 (41.4)
2,553 (58.6)

3,856 (58.9)
1,973 (30.1)
724 (11.1)

UGIS screening
p-valuea)

Unscreened
(n=2,758)

Screened
(n= 2,015)

p-valuea)

57.8 (
57.5±12.7

42.2 (
58.9±10.2

0.02

1,076 (39.0)
1,682 (61.0)

778 (38.6)
1,237 (61.4)

0.78

2,377 (54.6)
1,237 (28.4)
742 (17.0)

< 0.001

1,486 (53.9)
995 (36.1)
277 (10.0)

1,002 (49.7)
566 (28.1)
447 (22.2)

< 0.001

5,996 (91.5)
534 (8.2)
23 (0.4)

3,774 (86.6)
575 (13.2)
7 (0.2)

< 0.001

2,219 (80.5)
532 (19.3)
7 (0.3)

1,633 (81.0)
376 (18.7)
6 (0.3)

0.83

4,168 (63.6)
621 (9.5)
1,739 (26.5)
25 (0.4)

2,693 (61.8)
634 (14.6)
1,014 (23.3)
15 (0.3)

< 0.001

1,791 (64.9)
403 (14.6)
554 (20.1)
10 (0.4)

1,277 (63.4)
334 (16.6)
393 (19.5)
11 (0.6)

0.22

3,838 (58.6)
327 (5.0)
2,353 (35.9)
35 (0.5)

2,447 (56.2)
284 (6.5)
1,592 (36.6)
33 (0.8)

0.001

1,522 (55.2)
194 (7.0)
1,014 (36.8)
28 (1.0)

1,130 (56.1)
108 (5.4)
754 (37.4)
23 (1.1)

0.13

< 0.001

< 0.001

Values are presented as mean±standard deviation or number (%) unless otherwise indicated. GE, gastroendoscopy; UGIS,
upper gastrointestinal series. a)Continuous variables were analyzed using the Student’s t test, categorical variables were
analyzed using the chi-square test.

In addition, stratified analysis was also done by age (< 65 and
 65 years old) and gastritis history (no and yes). To assess
the combined or single effect by the two screening methods,
we did a combination analysis between the groups stratified
with various combinations according to the screening modalities (never screened, only screened by GE, only screened by
UGIS, and screened by both GE and UGIS). p-values two
sided and less than 0.05 were considered statistically significant. We performed all statistical analyses with SAS ver. 9.4
(SAS Institute, Cary, NC).

Results
Among the 10,909 subjects who had records on GE screening, there were 6,553 (60.1%) who underwent GE screening
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and 4,356 (39.9%) who did not undergo GE screening. Similarly, of the 4,773 subjects who had records on UGIS screening,
there were 2,758 (57.8%) who underwent UGIS screening and
2,015 (42.2%) who did not undergo UGIS screening (Table 1).
Compared to the unscreened GE group, the GE screened
group had more males and older subjects and also was more
likely to have a higher BMI (p < 0.001) and higher education
levels (p < 0.001) and had smokers (former and current smoking) (p < 0.001) and alcohol drinkers (former and current
drinking) (p=0.001). Within the UGIS group, the screenees
consisted more of females and older subjects compared to the
non-screenees (p < 0.001) and were more likely to have a lower
BMI (p < 0.001). However, the other characteristics were not
significantly different between the screened and unscreened
UGIS groups (Table 1).
In the analysis for GE screening, 328 subjects were diagnosed with newly developed GC cases. Of those new cases in
130,666 person years, 107 patients died due to GC in 139,123
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Table 2. Risk of GC incidence, GC-specific death and overall survival
Gastroendoscopic screening

General population
GC incidence
Never screened
Ever screened
Overall deaths
Never screened
Ever screened
GC-specific death
Never screened
Ever screened
Gastric cancer patients
Overall survivor rate
Never screened
Ever screened

Upper gastrointestinal tract series
a)

Person-years

No. of
cases

HR
(95% CI)

Person-years

No. of
cases

HRa)
(95% CI)

84,030
46,636

191
137

1.00 (
1.21 (0.94-1.54)

26,036
18,222

53
50

1.00 (
0.83 (0.52-1.33)

89,172
50,626

1,503
682

1.00 (
0.87 (0.79-0.95)

28,484
20,266

353
198

1.00 (
0.84 (0.70-1.00)

88,929
50,194

82
25

1.00 (
0.58 (0.36-0.94)

28,392
20,001

13
9

1.00 (
0.91 (0.36-2.33)

1,640
793

91
87

1.00 (
2.24 (1.61-3.11)

354
217

34
32

1.00 (
1.36 (0.76-2.45)

GC, gastric cancer; HR, hazard ratio; CI, confidence interval. a)Adjusted age, sex, Helicobacter pylori infection (positive vs.
negative), cigarette smoking (yes vs. no), and alcohol consumption (yes vs. no).

Table 3. Risk of GC incidence, GC-specific death and overall survival by screening frequency
Gastroendoscopic screening

General population
GC incidence
Never screened
Screened once
More than two times
Unknown or missingb)
p-trend
GC-specific death
Never screened
Screened once
More than two times
Unknown or missingb)
p-trend
Gastric cancer patients
Overall survivor rate
Never screened
Screened once
More than two times
Unknown or missingb)
p-trend

Person-years

No. of
cases

HRa)
(95% CI)

84,013
14,278
13,037
19,320

191
32
46
59

88,911
15,610
14,324
20,260

1,640
224
209
360

Upper gastrointestinal tract series
Person-years

No. of
cases

HRa)
(95% CI)

1.00 (
2.19 (1.45-3.31)
2.06 (1.30-3.28)
0.83 (0.60-1.15)
< 0.001

26,036
9,992
7,950
281

53
18
32
0

1.00 (
0.92 (0.50-1.67)
0.77 (0.42-1.43)
NA
0.35 (

82
6
6
13

1.00 (
0.78 (0.33-1.82)
0.59 (0.21-1.66)
0.52 (0.28-0.96)
0.25 (

28,392
10,965
8,731
305

13
3
6
0

1.00 (
0.94 (0.26-3.43)
0.92 (0.29-2.86)
NA
0.83 (

91
20
34
33

1.00 (
7.66 (4.26-13.77)
13.11 (7.38-23.30)
0.94 (0.59-1.49)
< 0.001

354
119
98
0

34
14
18
0

1.00 (
1.22 (0.59-2.51)
1.56 (0.74-3.28)
NA
0.24 (

GC, gastric cancer; HR, hazard ratio; CI, confidence interval; NA, not applicable. a)Adjusted age, sex, Helicobacter pylori
infection (positive vs. negative), cigarette smoking (yes vs. no), and alcohol consumption (yes vs. no), b)Unknown or missing
frequency.
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Table 4. Risk of GC-specific death and overall survival by age
Age < 65 yr
Person-years
GC-specific death
Never screened
Ever screened
Survival rate in GC patients
Never screened
Ever screened

No. of
cases

Age  65 yr
a)

HR
(95% CI)

Person-years

No. of
cases

HRa)
(95% CI)

67,595
37,271

36
14

1.00 (
0.66 (0.34-1.29)

21,334
12,923

46
11

1.00 (
0.47 (0.24-0.95)

1,112
583

73
65

1.00 (
1.83 (1.24-2.68)

528
210

18
22

1.00 (
8.84 (3.63-21.57)

GC, gastric cancer; HR, hazard ratio; CI, confidence interval. a)Adjusted age, sex, Helicobacter pylori infection (positive vs.
negative), cigarette smoking (yes vs. no), and alcohol consumption (yes vs. no).

Table 5. Risk of GC-specific death and overall survival by history of gastritis
No gastritis
Person-years
GC-specific death
Never screened
Ever screened
Survival rate in GC patients
Never screened
Ever screened

No. of
cases

Gastritis
HRa)
(95% CI)

Person-years

No. of
cases

HRa)
(95% CI)

79,782
29,944

73
21

1.00 (
0.77 (0.46-1.29)

6,624
18,966

8
4

1.00 (
0.18 (0.04-0.89)

1,471
538

81
56

1.00 (
2.12 (1.42-3.15)

111
226

7
29

1.00 (
2.11 (0.79-5.64)

GC, gastric cancer; HR, hazard ratio; CI, confidence interval. a)Adjusted age, sex, Helicobacter pylori infection (positive vs.
negative), cigarette smoking (yes vs. no), and alcohol consumption (yes vs. no).

person years; 43 patients died due to causes other than GC,
and 178 survived in 2,433 person years. In the UGIS screening
analysis, there were 103 new GC cases diagnosed in 44,258
person years. Of those new cases, 22 patients died due to GC
in 30,393 person years; 15 patients died due to other causes,
and 66 survived in 571 person years.
The subjects in the GE screening group had a 0.87-fold
reduced risk for overall death (95% CI, 0.79 to 0.95). Moreover,
GE screenees had a much more reduced risk for GC-specific
death (HR, 0.58; 95% CI, 0.36 to 0.94) relative to the GE nonscreenees. Among the patients diagnosed with GC, the GE
screened subjects had a higher survival rate than that of the
unscreened subjects (HR, 2.24; 95% CI, 1.61 to 3.11). However,
a significant difference was not found in the GC incidence
between the screened and unscreened groups (Table 2).
GE screenees had a much more increased risk of GC incidence (screened once: HR, 2.19; 95% CI, 1.45 to 3.31; screened
more than two times: HR, 2.06; 95% CI, 1.30 to 3.28; p-trend
< 0.001). The unknown or missing frequency of GE screening
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episodes prior to cohort enrollment was significantly associated with a lower risk of GC-specific death among the total
participants (HR, 0.52; 95% CI, 0.28 to 0.96) and that was significantly associated with an improved survival rate among
the GC patients (p-trend < 0.001). Compared to non-screenees,
subjects with one GE screening episode had a 7.66-fold higher
survivor rate (95% CI, 4.26 to 13.77), and those with two or
more screening episodes had a much higher survivor rate (HR,
13.11; 95% CI, 7.38 to 23.30) (Table 3).
The effectiveness of the GE screening in terms of the survival rate, which is the improvement of survival in the screenees compared to the non-screenees, was better in GC patients
aged 65 years and older (HR, 8.84; 95% CI, 3.63 to 21.57) than
in GC patients aged less than 65 years (HR, 1.83; 95% CI, 1.24
to 2.68) (Table 4). However, we could not find difference in the
association between screening and GC survival according to
gastritis history (Table 5).
In the analysis of the UGIS screening, there were no significant differences in the risk of GC incidence, GC-specific
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deaths, and survival rate between the screened and unscreened UGIS groups or between those screened once and
those screened two or more times versus unscreened subjects
(Tables 2 and 3). In addition, we did not observe any significant result from the combination analysis of the GC screening
methods (S1 Table).

Discussion
The results suggest that GE screening was related to a
decreased risk of GC-specific death based on the data from
the community-based KMCC population over a minimum
10-year follow-up period. Compared to the unscreened
group, the GE screening group had a higher survival rate in
GC-diagnosed patients. Furthermore, the effectiveness of GE
screening on improved survival in GC patients was more
prominent in the older age group (age 65 years and older)
than in the younger age group (aged less than 65 years).
To our knowledge, there is limited evidence based on randomized trial studies or large-scale cohort studies on the
relationship of GC-specific death with GE or UGIE. Most previous studies were based on a case control study [12-15] or
retrospective cohort study [16-18]. Among those studies, five
Japanese studies [12-14,16,18] have shown a lower risk of GC
death associated with GC screening, which is a beneficial
effect of the screening. However, two studies based on Western study populations did not show a significant association
[15,17]. This inconsistency may be due to the lower GC incidences and GC-related mortality rates in the Venezuelan and
U.S. study populations than those in the East Asian (Korea
and Japan) study populations [1]. It may be caused by differences in the target disease in some of the studies (i.e., gastric cardia cancer vs. gastric cancer) [17] or by the absence of
national guidelines or recommendations for GC screening in
most countries other than Korea and Japan [19].
S2 Table shows a summary of the Japanese cohort studies
which evaluated GC mortality in screened versus unscreened subjects by the modality [18,20-23]. Notably, the
Japan Public Health Center-based prospective study (JPHC
study) is comparable to our study [22]. Among the 42,150
subjects, the JPHC study results showed a 48% lower GC
mortality among those who underwent photofluorography
screening compared to the unscreened subjects [22]. It was
similar to our results (51% reduction in GC mortality) despite
of the use of different GC screening methods (i.e., gastric
endoscopy and photofluorography, respectively).
Although our results did not show significant values in the
analysis regarding UGIS, two Japanese studies suggested
that UGIS also has a preventive effect for GC mortality

[22,23]. The difference in the observed effects of UGIS as GC
screening in Japan and Korea may be due to differences in
the GC screening guidelines and UGIS quality control (QC)
programs of the two countries [24,25]. In Korea, the NCSP
recommends biennial GE or UGIS screening as the first-line
screening method for GC detection in people aged 40 years
and older, while in Japan, annual photofluorography is recommended as the first-line screening method for GC detection in people in the same age group [24]. In addition, in
2007, Japan established municipal government programs to
evaluate screening facilities and established a checklist for
GC screening QC [26]. There have also been efforts to
improve and standardize the quality of cancer screening in
Korea. An evaluation of the quality of Korean and Japanese
UGIS screening images revealed a higher QC score in Korea
than in Japan (QC score, 73.31 in Korea; QC score, 58 in
Japan) [27].
In the JPHC study [22], the overall GC incidence in the
photofluorography screened population was not significantly different from that in the unscreened population (HR,
1.06; 95% CI, 0.90 to 1.25), which is consistent with our result.
In our study, an increase in GE screening frequency was not
associated with an increase in GC incidence; however, in
another cohort study in Korea, repeated GE screening was
associated with a lower GC incidence compared to less frequent screening [28]. That study included a highly selfmotivated population in which 99.6% (n=18,414) of the subjects voluntarily underwent GE screening, which may have
led to its results being different from those in our study.
Several studies have examined the effectiveness of GC
screening for increasing GC survival among GC patients
[7,8,29]. However, based on study designs, only the results
in one Japanese retrospective study, published in 2001, are
directly comparable to the screened and unscreened groups
in our study [29]. A significant beneficial effect associated
with undergoing endoscopic examination within 2 years of
GC diagnosis on GC survival was reported in the Japanese
study (p < 0.01) [29] and is consistent with the effect detected
in our study. The higher GC survival probability in GC
patients who underwent prior screening is presumably due
to the ability of such screening to detect early-stage or localized GC. Our findings are consistent with prior studies performed in Japan and Korea [6,7,22].
Age stratified analyses were done in two previous studies
in Japan [13,22], and contradictory results were reported
according to the screening modality. In a Japanese population-based case-control study [13], endoscopic screening in
an older group led to a greater reduction in GC mortality
reduction than that in a younger group (odds ratio [OR], 0.85;
95% CI, 0.50 to 1.44 for patients aged 40-69 years; OR, 0.59;
95% CI, 0.37 to 0.95 for patients aged 70-79 years). Our finding of an association between GE screening and a lower GC
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mortality is similar to the results of the Japanese study, even
though the two age strata in our study (age less than 65 years
and age 65 years and older) were different from those in the
Japanese study. In contrast, a study reporting on the effectiveness of photofluorography-based UGIS screening
showed that the younger group had a lower risk of death
from GC compared to the older group (OR, 0.30; 95% CI, 0.13
to 0.72 for patients aged 40-49 years; OR, 0.60; 95% CI, 0.40
to 0.88 for patients aged 50-59 years) [22]. Inconsistency
among the results across these studies may be due to the use
of different screening modalities (e.g., UGIS with photofluorography vs. endoscopy) and/or to differences in study populations (e.g., different age ranges, 40-79 years old vs. 50-69
years old).
According to previous studies, GE screening, but not UGIS
screening, was beneficial for improving GC detection sensitivity [9] and diagnosis of localized and early-stage GC
[6,16,25]. The results in these prior studies indirectly support
our results, although the earlier results were not directly
compared with our finding that GE had an effect on reduced
death and increased survival; however, we did not observe
any significant results in the UGIS analysis. Because of a relatively small sample size for UGIS and GC-specific death,
the result must be interpreted cautiously.
In the combined analysis, we did not observe any significant association between the combined groups and GC-specific death. However, this result could be because only a few
number of subjects had information on both screening methods.
This study has several limitations. First, this study may
include a misclassification bias. Our study population
includes individuals with differences between their GC
diagnosis date in their medical records and the actual GC

onset date. Second, symptomatic individuals were included
in the study population. Third, we were unable to stratify
our subjects by GC stage or histological subtype because our
data source did not contain that information. Finally, we
could not consider the duration of the screening interval for
the screened groups. The survey questionnaire assessed two
main factors: the experience of GC screening and its frequency. Because of the absence of the screening interval data,
we only assessed the effect of the GE screening using frequency.
In conclusion, our community-based prospective cohort
study in Korea, a country with a high GC incidence and mortality, suggests that GE screening has a significant effect on
lowering GC-specific mortality. Moreover, GE screening
improved the GC survival rate in GC patients, in particular,
those aged 65 years and older.
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Purpose
The treatment strategy for elderly patients older than 80 years with diffuse large B-cell lymphoma (DLBCL) has not been established because of poor treatment tolerability and lack
of data.
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Materials and Methods
This multicenter retrospective study was conducted to investigate clinical characteristics,
treatment patterns and outcomes of patients older than 80 years who were diagnosed with
DLBCL at 19 institutions in Korea between 2005 and 2016.
Results
A total of 194 patients were identified (median age, 83.3 years). Of these, 114 patients had
an age-adjusted International Prognostic Index (aaIPI) score of 2-3 and 48 had a Charlson
index score of 4 or more. R-CHOP was given in 124 cases, R-CVP in 13 cases, other
chemotherapy in 17 cases, radiation alone in nine cases, and surgery alone in two cases.
Twenty-nine patients did not undergo any treatment. The median number of chemotherapy
cycles was three. Only 37 patients completed the planned treatment cycles. The overall
response rate from 105 evaluable patients was 90.5% (complete response, 41.9%). Twentynine patients died due to treatment-related toxicities (TRT). Thirteen patients died due to
TRT after the first cycle. Median overall survival was 14.0 months. The main causes of death
were disease progression (30.8%) and TRT (27.1%). In multivariate analysis, overall survival
was affected by aaIPI, hypoalbuminemia, elevated creatinine, and treatment.
Conclusion
Age itself should not be a contraindication to treatment. However, since elderly patients
show higher rates of TRT due to infection, careful monitoring and dose modification of
chemotherapeutic agents is needed.
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Introduction

Table 1. Patient characteristics
Characteristic

There has been an increase in the number of elderly
patients with malignant disease due to rapid growth of the
elderly population. Despite the development of new drugs
and improvements in supportive care, treatment and the cost
of patient management are emerging as important medical
issues in many countries. Diffuse large B-cell lymphoma
(DLBCL), the most common type of non-Hodgkin’s lymphoma, is a representative disease with increased incidence
and poor prognosis in elderly patients. After introduction of
rituximab (chimeric anti-CD20 monoclonal antibody), treatment outcome and prognosis of DLBCL has dramatically
improved. R-CHOP (rituximab, cyclophosphamide, adriamycin, vincristine, and prednisone) is standard treatment
for DLBCL [1,2]. However, most large randomized trials
enrolled patients younger than 80 years. In addition, elderly
patients do not tolerate treatment to the same extent as
younger patients because of comorbid diseases and organ
dysfunction. Therefore, treatment strategies for very elderly
patients older than 80 years have not been established
because of poor tolerability and lack of data.
Recently, a multicenter, single-arm phase 2 trial reported
that rituximab combined with low-dose CHOP (R-miniCHOP) showed good results for both efficacy and safety in
elderly patients older than 80 years with DLBCL [3].
Although this study was a phase 2 trial, the results suggested
that very elderly patients could tolerate and benefit from
aggressive combination chemotherapy with immunotherapy. However, no prospective data are available and only a
few retrospective studies with a small number of patients
over 70 years old have been conducted in Korea [4,5]. The
aim of the current study was to retrospectively investigate
clinical characteristics, treatment patterns and outcomes of
patients older than 80 years diagnosed with DLBCL in Korea
over a 10-year period. Based on our results, we planned to
perform a prospective study to identify the optimal regimen
for treating DLBCL elderly patients in Korea.

Materials and Methods
This study included patients who were older than 80 years
at the time of initial DLBCL diagnosis from across 19 institutions in Korea between January 2005 and June 2016. A diagnosis of DLBCL was established via tissue biopsy according
to the WHO classification. Clinical and laboratory data were
retrospectively obtained from hospital records.
Disease and patient-specific characteristics included age,

No. (%) (n=194)

Sex
Male
Female
Age, median (range, yr)
Performance status (ECOG)
0-1
2-4
Ann Arbor stage (n=193)
I-II
III-IV
LDH level (n=192)
Normal
Abnormal
No. of extranodal sites (n=193)
<2
2
aaIPI (n=192)
0
1
2
3
B symptoms
Bulky disease
Elevated 2-microglobulin
Anemia (hemoglobin < 12 g/dL)
Thrombocytopenia
Hypoalbuminemia (< 3.5 g/dL)
Renal failure (creatinine > 1.5 mg/dL)
Comorbidity (Charlson CSS)
0-3
4

93 (47.9)
101 (52.1)
83.3 (80.1-95.7)
88 (45.4)
106 (54.6)
81 (42.0)
112 (58.0)
73 (38.0)
119 (62.0)
154 (79.8)
39 (20.2)
22 (11.5)
56 (29.2)
64 (33.3)
50 (26.0)
41/176 (23.3)
15/185 (8.1)
64/89 (71.9)
118/194 (60.8)
36/194 (18.6)
82/193 (42.3)
18/193 (9.3)
146 (75.3)
48 (24.7)

Values are presented as number (%) unless otherwise indicated. ECOG, Eastern Cooperative Oncology Group; LDH,
lactate dehydrogenase; aaIPI, age-adjusted International
Prognostic Index; CSS, comorbidity scoring system.

sex, presence of co-morbidities, B symptoms, bulky disease,
Eastern Cooperative Oncology Group (ECOG) performance
status, complete blood count, serum lactate dehydrogenase
(LDH), creatinine, 2-microglobulin, and albumin level,
tumor stage, and site of extranodal disease. Staging was performed according to the criteria of the Ann Arbor system.
Treatment pattern, response to treatment, toxicities, and outcome were obtained from the medical records of each
patient. The Charlson comorbidity index was chosen to
assess comorbidity [6].
A full dose of R-CHOP consisted of 375 mg/m2 rituximab,
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750 mg/m2 cyclophosphamide, 50 mg/m2 adriamycin, and
1.4 mg/m2 vincristine on day 1, and 100 mg oral prednisone
on days 1-5 of each cycle. The combination therapy was
administered at 3-week intervals. The relative dose intensity
(RDI) of these five drugs was calculated at each cycle. This
study was approved by the institutional review board of
each institution that participated in this study.
Overall survival was measured from the date of diagnosis
of DLBCL to the date of death from any cause or the date of
last follow-up. Survival curves were calculated using the
Kaplan-Meier method and compared with other prognostic
variables using the log-rank test. Stepwise Cox’s regression
analysis was performed to identify prognostic factors for survival. In all tests, p < 0.05 was considered statistically significant.

Table 2. Treatment details
Treatment

No. (%)

No treatment
Operation (tumor removal)
Radiation alone
First-line chemotherapy
R-CHOP
R-CVP
CVP
R alone
Other
Second-line chemotherapy
Third-line chemotherapy

29 (14.9)
2 (1.0)
9 (4.6)
154 (
124 (63.9)
13 (6.7)
8 (4.1)
1 (0.5)
8 (4.1)
26 (
4(

R-CHOP, rituximab, cyclophosphamide, adriamycin, vincristine, and prednisone; R, rituximab; CVP, cyclophosphamide, vincristine, and prednisone.

Results
1. Patient characteristics
A total of 194 patients aged 80 years or older at diagnosis
of DLBCL were identified. The patient characteristics are
summarized in Table 1. The study group included 93 men
and 101 women, and the median age at the time of DLBCL
diagnosis was 83.3 years (range, 80.1 to 95.7 years). One hundred and six patients (54.6%) had a poor performance status
(ECOG 2-4) and 58% of patients had advanced stage disease

(stage III or IV). LDH level was elevated in 62% of patients,
and 114 (59.3%) patients had an age-adjusted International
Prognostic Index (aaIPI) score of 2-3. Bone marrow biopsy
was performed in 124 patients. Among these, eighteen
patients showed bone marrow involvement (14.5%). The left
ventricular ejection fraction, measured in 123 patients at
diagnosis, was below 60% in thirteen patients (10.6%).
One hundred forty-nine patients (76.8%) had at least one
comorbidity. Hypertension was the most common comorbidity followed by diabetes mellitus and cerebrovascular dis-

R-CHOP
(n=124)

Evaluable: 85

Less intensive
(n=30)

NE: 39

CR: 39

PR: 40

SD: 2

PD: 4

10

17

1

4

6

8

1

1

2

0

NE: 10

Evaluable: 20

CR: 5

PR: 11

SD: 3

PD: 1

Relapse or
progression

3

6

2

1

3

Second-line therapy

1

6

1

0

0

Third-line therapy

0

1

0

0

Fig. 1. Diagram of treatment and response for the patients who received chemotherapy. R-CHOP, rituximab, cyclophosphamide, adriamycin, vincristine, and prednisone; NE, not evaluable; CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease.
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Table 3. Relative dose intensity and TRD of R-CHOP
No. of
patients
First cycle
Second cycle
Third cycle
Fourth cycle
Fifth cycle
Sixth cycle

124
95
76
53
35
24

Relative dose intensity (%)
Rituximab Cyclophosphamide Adriamycin
86.8
84.8
83.2
81.3
85.4
96.9

68.2
65.0
64.5
62.5
60.8
69.6

Vincristine

Prednisone

74.1
70.4
68.9
68.3
64.7
80.3

84.0
80.1
80.5
80.7
77.9
89.9

64.1
60.0
58.0
58.0
56.7
65.5

TRD
12
2
3
0
4
0

TRD, treatment-related death; R-CHOP, rituximab, cyclophosphamide, adriamycin, vincristine, and prednisone.

ease. Among the patients who presented with comorbidities,
48 (24.7%) had a Charlson index with a score 4 or more.
2. Treatments and outcomes
Of 194 patients with DLBCL, 154 patients (79.4%) received
systemic chemotherapy, nine patients (4.6%) received radiation alone, and two patients underwent surgery only (Table 2).
Twenty-nine patients (14.9%) received no treatment. The
decision to forgo treatment was based on poor performance
and/or treatment refusal. Among 154 patients who received
systemic chemotherapy, R-CHOP was given in 124 cases,
R-CVP (rituximab, cyclophosphamide, vincristine, and prednisone) in 13, rituximab alone in one, and other regimens in
16 cases. Of 11 patients with central nervous system lymphoma, three cases were treated with high-dose metho-trexate with or without radiation.
The median number of chemotherapy cycles was three
(range, 1 to 10). Of the 154 patients who received intravenous
chemotherapy, only 37 completed the planned cycles of the
treatment regimen. The main causes of treatment interruption were treatment-related toxicity (45.3%) followed by
treatment refusal (29.1%) and disease progression (6.8%).
Forty-nine patients could not be evaluated for treatment
response because of death before response assessment (18
cases), refusal (13 cases), follow-up loss (seven cases), and
other causes (11 cases). The overall response rate for 154
patients who received systemic chemotherapy was 61.7%.
Among 105 patients who were available for response assessment, the response rate was 90.5% with a complete response
(CR) rate of 41.9% (CR, 44; partial response [PR], 51; stable
disease [SD], 5; progressive disease [PD], 5) (Fig. 1).
We performed subgroup analysis for 124 patients treated
with R-CHOP because R-CHOP is standard treatment for
DLBCL. The patients received a median of three cycles of
R-CHOP (range, 1 to 8) and 13 patients with involved-field
radiation therapy were combined. Thirty patients (24.2%)

completed the planned cycles and 24 patients (19.4%)
received six or more cycles of R-CHOP. The overall response
rate for 124 patients who received R-CHOP was 63.7%.
Among 85 patients who were available for response assessment, the response rate was 92.9% with a CR rate of 45.9%
(CR, 39; PR, 40; SD, 2; PD, 4).
We calculated the RDI of five drugs at each cycle of
R-CHOP (Table 3). The mean RDIs for doxorubicin and
cyclophosphiamide in the first cycle were 64.1% and 68.2%,
respectively. However, the RDIs of rituximab and prednisone were over 80%. After the first cycle, the RDI of each
drug showed a similar pattern to that of the first cycle. We
compared the response rate and overall survival according
to RDI for R-CHOP ( 70% vs. < 70% of all drugs). The overall response rate was significantly lower for high RDI group
(43.5%, n=46) than for low RDI group (75.6%, n=78) (p < 0.001).
The median survival was also significantly shorter for high
RDI group than for low RDI group (11.1 months vs. 25.4
months, p=0.008). The reasons of these findings may be
explained that high RDI group showed higher treatment
interruption rate and treatment-related mortality. Especially,
52.2% of high RDI group received only one cycle of R-CHOP.
Among the 44 patients who relapsed or progressed after
first-line therapy, 26 patients received salvage therapy.
Twenty-two patients were treated with various chemotherapies and three patients were treated with radiotherapy. One
patient received combined treatment. The overall response
rate for the salvage therapy was 61.1%. Four patients
received third-line treatment (Fig. 1).
3. Toxicity profiles
The most common side effect of chemotherapy was hematologic toxicity. Neutropenia was reported in 63.0% (97/154)
of patients, 91.8% (89/97) of whom had grade 3 or higher toxicity. Granulocyte colony-stimulating factor (G-CSF) was
given to 73 patients during the first cycle. Forty-eight patients

VOLUME 50 NUMBER 2 APRIL 2018

593

Cancer Res Treat. 2018;50(2):590-598

A

1.0

0.6
0.4
0.2

0

24

48
72
Time (mo)

96

0.6
0.4

0

120

C

0

24

48
72
Time (mo)

Log-rank p=0.87

Overall survival

0.4
0.2
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0.6
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D

1.0
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0.8
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0.2
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0
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0
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Fig. 2. Kaplan-Meier plots of overall survival in 194 patients (A) and according to treatment (B). Overall survival in 154
patients who received chemotherapy according to treatment regimen (C) and number of chemotherapy cycles (D).

(31.2%) suffered neutropenic fever. Anemia was reported in
59.7% (92/154) and thrombocytopenia in 33.1% (51/154). The
incidence of grade 3 or 4 toxicity of anemia and thrombocytopenia was relatively lower than that of neutropenia (27.2%
and 35.3%, respectively). Infection was documented in 47
cases. Pneumonia (55.3%) was the most common infectious
complication. Cardiac toxicity occurred in five cases.
Twenty-nine patients died due to treatment-related toxicity. Among them, 13 patients died after the first cycle of
chemotherapy and the main causes of death were pneumonia and sepsis (10 cases). Of 124 patients treated with
R-CHOP, the treatment-related mortality rate was 16.9%
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(21/124). However, among 19 patients who received the full
dose of R-CHOP, six patients died due to toxicity (31.6%).
4. Survival analyses
One hundred and seven patients died with a median survival of 14.0 months (Fig. 2). Of 124 patients treated with
R-CHOP, median overall survival was 18.5 months. The
main causes of death were disease progression (33 cases,
30.8%) and treatment-related toxicity (29 cases, 27.1%). The
cause of death according to treatment is shown in Table 4. In
the univariate analysis, significant prognostic factors for
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Table 4. Cause of death according to treatment
Treatment
R-CHOP
Other treatment
No treatment
Total

Cause of death

No. of
patients

Death

Disease
progression

Toxicity

Other cause

Unknown

124
41
29
194

63
19
25
107

17
3
13
33

22a)
7
0
29

10
3
6
19

14
6
6
26

R-CHOP, rituximab, cyclophosphamide, adriamycin, vincristine, and prednisone. a)One patient died due to treatment-related
toxicity after salvage therapy.

Table 5. Univariate analysis of prognostic factors for overall survival
Prognostic factor
aaIPI
0
1
2
3
ECOG
0-1
2-4
Stage
I-II
III-IV
LDH
Normal
Elevated
No. of extranodal sites
<2
2
Hemoglobin (g/dL)
< 12
 12
Albumin (g/dL)
< 3.5
 3.5
Creatinine (mg/dL)
< 1.5
 1.5
Comorbidity (Charlson CSS)
<4
4
Treatment
R-CHOP
Other treatment
No treatment

Survival (median±SE, mo)

p-value

Not reached
19.3±5.1
14.0±6.5
7.7±2.8

< 0.001

24.3±11.2
7.9±1.7

< 0.001

18.5±6.5
11.1±2.2

0.088

18.5±3.0
10.7±2.4

0.016

16.0±2.7
9.3±1.8

0.032

11.1±1.9
21.6

0.005

6.4±0.9
21.0±3.3

< 0.001

16.9±2.6
4.6±2.8

0.001

17.5±3.1
10.4±1.8

0.013

18.5±3.8
12.9±4.3
2.7±1.9

< 0.001

SE, standard error; aaIPI, age-adjusted International Prognostic Index; ECOG, Eastern Cooperative Oncology Group; LDH,
lactate dehydrogenase; CSS, comorbidity scoring system; R-CHOP, rituximab, cyclophosphamide, adriamycin, vincristine,
and prednisone.
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Table 6. Multivariate analysis of prognostic factors for overall survival
Prognostic factor
aaIPI
Anemia
Hypoalbuminemia
Increased creatinine
Comorbidity (Charlson CSS)
No treatment

Hazard ratio (95% CI)

p-value

1.358 (1.082-1.704)
1.276 (0.812-2.005)
1.991 (1.292-3.069)
2.568 (1.424-4.632)
1.540 (0.987-2.403)
1.642 (1.274-2.117)

0.008
0.291
0.002
0.002
0.057
< 0.001

CI, confidence interval; aaIPI, age-adjusted International Prognostic Index; CSS, comorbidity scoring system.

overall survival were ECOG performance status, serum
LDH, number of extranodal sites, aaIPI, anemia, hypoalbuminemia, elevated creatinine, co-morbidity, and treatment
(Table 5). There was no significant survival difference
between R-CHOP and less intensive treatment group
(p=0.870) (Fig. 2C). However, we found significant difference
in the median survival according to number of chemotherapy cycles (< 4 cycles vs.  4 cycles) (11.1 months vs. 26.6
months, p=0.003) (Fig. 2D). In multivariate analyses using
the significant prognostic variables from univariate analysis,
overall survival was affected by aaIPI, hypoalbuminemia,
elevated creatinine, and treatment (Table 6).

Discussion
In this study, we found that more than half of very elderly
patients with DLBCL (63.9%) who received R-CHOP had a
high response rate of 92.9% (CR, 45.9%) in Korea. However,
our study showed a high treatment-related mortality rate
due to infection with severe neutropenia, especially after the
first cycle of chemotherapy. Significant prognostic factors for
overall survival included aaIPI, hypoalbuminemia, elevated
creatinine, and treatment.
The treatment strategy for elderly patients older than 80
years with DLBCL has not been defined yet because of poor
treatment tolerability and lack of data. Retrospective studies
have reported that elderly patients have worse outcomes due
to suboptimal therapy and toxicity; however, some patients
achieved a CR and long-term survival [7,8]. There have been
several trials that sought to reduce toxicity and to identify
optimal regimens in elderly patients. “Prephase treatment”
has been proposed in order to reduce “first-cycle effects,”
which refer to side effects of the first chemotherapy cycle
such as the deepest neutrophil nadir, longest neutropenic
duration, tumor lysis syndrome and highest rate of treatment-related mortality [9]. Prephase treatment consisted of
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oral prednisone for 5 to 7 days alone or with single injection
of 1 mg vincristine before the first chemotherapy cycle. After
introduction of the prephase treatment, the number of treatment-related deaths was significantly decreased and the performance status was improved. Therefore, the author recommends prephase treatment for all elderly patients [10].
In the search for adequate therapy of very elderly or frail
patients, several alternative regimens have been reported
[11-15]. Among them, R-miniCHOP data showed good
results of both efficacy and safety in 149 elderly patients
older than 80 years with DLBCL. This study reported that
the median overall survival was 29 months with a 62% CR
and unconfirmed CR rate. However, only 12 deaths were
related to treatment toxicity [3]. R-miniCHOP consisted of
375 mg/m2 rituximab, 400 mg/m2 cyclophosphamide,
25 mg/m2 adriamycin, and 1 mg vincristine on day 1, and
40 mg/m2 oral prednisone on days 1 through 5 of each cycle
at 3-week intervals. The doses of each drug were similar to
the mean dose intensity of R-CHOP in our study. In addition,
our data revealed high treatment-related mortality in
patients treated with full dose R-CHOP. Therefore, we suggest that R-miniCHOP is an acceptable regimen for very elderly patients based on results from actual clinical practice.
In addition, supportive care including careful monitoring,
prophylaxis and treatment for infection should be included
to reduce morbidity and mortality. The American Society of
Clinical Oncology guideline for the use of G-CSF recommends prophylactic G-CSF in elderly patients receiving
CHOP or R-CHOP [16]. In our study, grade 3 or 4 neutropenia was the most common severe side effect of chemotherapy
and infection-associated neutropenia was the most common
cause of treatment-related death. More than three-fourths of
neutropenia cases (78.4%) developed after the first cycle and
13 patients died due to toxicity just after the first cycle. These
results demonstrate that prophylactic G-CSF is essential for
treating R-CHOP in elderly patients.
The therapeutic goal in treating very elderly DLBCL
patients is to balance between efficacy and toxicity of treatment. Therefore, it is important to identify patients who will

Jung Hye Choi, Diffuse Large B-Cell Lymphoma in Very Elderly Patients

tolerate and respond to treatment. A low serum albumin
level is a significant parameter associated with poor outcome
in our study. The finding that hypoalbuminemia is a poor
prognostic factor was consistent with results from previous
reports [3,4]. Hypoalbuminemia reflects malnutrition, inflammation and advanced disease. Therefore, a low serum
albumin concentration might be an important parameter for
the ability to tolerate treatment.
In the present study, the CR rate was lower than that from
a previous study. The cause of the lower CR rate may be high
incidence of treatment interruption and reduced dose intensity. Response to first-line therapy is more important in elderly patients since adequate salvage therapy is usually
difficult in these patients. Therefore, a well-designed prospective randomized trials for searching optimal regimens
for the very elderly patients with DLBCL is needed.
The present study had several limitations. First, the clinical
data, including treatment, side effects, relapse and survival
data, were analyzed retrospectively. There were concerns of
under-reporting and reporting bias, especially with toxicity
profiles and patients lost to follow-up. In addition, treatment
modality was not pre-determined. However, this study is
one of the largest analyses of DLBCL patients older than 80
years and our results reflect the actual clinical practice in
Korea.
These results suggest that age itself should not be a major
influence on treatment decision-making by clinicians and
adequate therapy should be considered in elderly DLBCL
patients. However, since elderly patients show higher treatment-related mortality due to infection, careful monitoring
and dose modification of chemotherapeutic agents is needed.
Based on these results, we plan to perform a prospective
study of R-miniCHOP with prephase treatment and prophylactic G-CSF in very elderly patients older than 80 years with
DLBCL in Korea.
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Crizotinib in Combination with Everolimus Synergistically Inhibits
Proliferation of Anaplastic Lymphoma KinasePositive Anaplastic
Large Cell Lymphoma
Purpose
Anaplastic large cell lymphoma (ALCL) is a rare aggresive non-Hodgkin lymphoma, of which
over 50% of cases have an aberrant nucleophosmin (NPM)anaplastic lymphoma kinase
(ALK) fusion protein. Both mechanistic target of rapamycin (mTOR) inhibitor everolimus and
ALK inhibitor crizotinib have shown promising antitumor activity in ALK-positive cancer cell
lines. However, their combined effect has not yet been investigated.
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Materials and Methods
We evaluated the anti-proliferative effects of everolimus and/or crizotinib in ALK-positive
ALCL cell lines, Karpas 299 and SU-DHL-1, and lung adenocarcinoma cell line, NCI-H2228.
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Results
We found that individually, both everolimus and crizotinib potently inhibited cell growth in a
dose-dependent manner in both Karpas 299 and SU-DHL-1 cells. A combination of these
agents synergistically inhibited proliferation in the two cell lines. Crizotinib down-regulated
aberrant AKT and ERK phosphorylation induced by everolimus. Combination treatment also
significantly increased G0/G1 cell-cycle arrest, DNA damage, and apoptosis compared with
everolimus or crizotinib alone in ALK-positive ALCL cells. In the Karpas 299 xenograft model,
the combination treatment exerted a stronger antitumor effect than monotherapies, without
significant change in body weight. The synergistic effect of everolimus and crizotinib was
also reproduced in the ALK-positive lung adenocarcinoma cell line NCI-H2228. The combination treatment abrogated phosphoinositide 3-kinase/AKT and mTOR signaling pathways
with little effect on the Ras/ERK pathway in NCI-H2228 cells.
Conclusion
Crizotinib combined with everolimus synergistically inhibits proliferation of ALK-positive ALCL
cells. Our results suggest that this novel combination is worthy of further clinical development in patients with ALK-positive ALCL.

Introduction
Anaplastic large cell lymphoma (ALCL) is a rare aggressive form of mature T-cell lymphoma, which accounts for
approximately 3% of adult non-Hodgkin lymphoma (NHL)
and 10%-15% of pediatric NHL [1]. More than half of all
ALCL cases harbor an nucleophosmin (NPM)anaplastic
lymphoma kinase (ALK) fusion gene [2]. The constitutively
│ http://www.e-crt.org │

Key words
TOR serine-threonine kinases, Crizotinib, Everolimus,
Anaplastic large cell lymphoma, Anaplastic lymphoma kinase

activated NPM-ALK fusion protein consequently activates a
number of signaling pathways such as phosphoinositide
3-kinase (PI3K)/AKT and Ras/ERK [3,4]. Although ALK
fusion gene-positive (ALK-positive) ALCL patients have a
better outcome than those without the fusion gene, patients
with relapsed or refractory disease generally have short survival [1,2]. Crizotinib (also known as PF-02341066) is an ALK
tyrosine kinase inhibitor that has an anti-proliferative activity
in ALK-positive ALCL cell lines [5]. In patients with lung
Copyright ⓒ 2018 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.

599

Cancer Res Treat. 2018;50(2):599-613

adenocarcinoma harboring an EML4-ALK fusion gene, crizotinib has shown substantial therapeutic efficacy [6]. It is plausible, therefore, that crizotinib could also be an effective
treatment for patients with ALK-positive ALCL.
As one of the crucial downstream signaling molecules of
aberrantly activated NPM-ALK, mechanistic target of
rapamycin (mTOR) is a serine/threonine protein kinase,
which consists of mTORC1 and mTORC2. The activity of
mTORC1 is regulated by the PI3K/AKT and Ras/ERK pathways [7]. Vega et al. [8] demonstrated that mTOR pathway
is frequently activated in ALK-positive ALCL tumors and
cell lines. Phosphorylated mTOR was detected in 24 of 29
(82.8%) and phosphorylated p70S6K in 24 of 30 cases (80%),
while phosphorylated 4E-BP1 and total eIF4E were both positive in all 31 ALK-positive ALCL tumors examined [8].
Activation of this pathway promotes protein synthesis, capdependent translation of mRNA, angiogenesis, invasion,
metastasis, and proliferation of cancer cells. Everolimus (also
known as RAD001), an oral rapamycin analog, is an mTOR
inhibitor. Jundt et al. [9] demonstrated that everolimus significantly inhibits tumor cell proliferation in ALCL preclinical models, both in vitro and in vivo. Recently, everolimus has
also been shown to have clinical activity in patients with
diverse NHL subtypes [10]. However, the clinical efficacy of
mTOR inhibitor monotherapy has not yet yielded satisfactory results in patients with relapsed or refractory NHL [11],
possibly owing to the emergence of resistance mechanisms
that activate pro-survival pathways.
Previous studies have shown that crizotinib has limited
effect on inhibiting mTOR signaling in ALK-positive neuroblastoma [12]. It is rational to hypothesize that, the strategy of
targeting NPM-ALK and mTOR simultaneously might be
able to overcome the limitations of each monotherapy. In this
study, we investigated whether the combination of crizotinib
and everolimus exerts synergistic antitumor activity in ALKpositive ALCL cell lines. The biological mechanism of action
of this combination treatment was also investigated.

Materials and Methods
1. Cell lines and culture
Two ALK-positive ALCL cell lines were used in this study:
Karpas 299 was obtained from Sigma-Aldrich (St. Louis, MO)
and SU-DHL-1 from American Type Culture Collection
(Manassas, VA). NCI-H2228, an EML4-ALK–positive lung
adenocarcinoma cell line, was obtained from American Type
Culture Collection (Manassas, VA). Cells were maintained
in RPMI-1640 medium supplemented with 10% heat-inacti-
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vated fetal bovine serum (GIBCO, Grand Island, NY) and 1%
penicillin/streptomycin (Lonza, Walkersville, MD). All cells
were incubated at 37°C in an atmosphere of 5% CO2.
2. Antibodies and reagents
Antibodies specific for ALK, phosphorylated ALK
(Tyr1604), phosphorylated mTOR (Ser2448 and Ser2481),
phosphorylated AKT (Thr308 and Ser473), phosphorylated
ERK (Thr202/Tyr204), phosphorylated p70S6K (Thr389),
phosphorylated 4E-BP1 (Thr37/46) and caspase 3 were purchased from Cell Signaling Technology (Beverly, MA). The
anti-GAPDH antibody was purchased from Santa Cruz
Biotechnology (Dallas, TX). The anti-cleaved poly(ADPribose) polymerase (PARP) antibody was purchased from
BD Pharmingen (San Jose, CA). The anti-gamma-H2A.X and
anti-beta-actin antibodies were purchased from Abcam
(Cambridge, UK). The anti-cyclin D1 antibody was purchased from EMD Millipore (Billerica, MA). Everolimus and
crizotinib were purchased from Selleckchem (Houston, TX),
dissolved in dimethyl sulfoxide and stored at 20°C.
3. Cell viability assays
Cell lines were seeded into 96-well plates and then incubated at 37°C for 72 hours. Cell viability was quantified using
the Cell Counting Kit-8 (CCK-8; Dojindo Molecular Technologies, Kumamoto, Japan). Following incubation with
10 µL of CCK-8 solution per well for 2 hours, absorbance was
measured at 450 nm in a microplate reader (Becton Dickinson Labware, Le Pont de Claix, France). All assays were performed five times. Data were normalized to the percentage
of the control.
4. Western blot analysis
Karpas 299 cells were washed in ice-cold phosphate
buffered saline (PBS), and then suspended in cell lysis buffer.
The mixtures were placed on ice for 1 hour, during which
they were vortexed every 10 minutes. After centrifugation
for 30 minutes at 13,000 rpm at 4°C to remove cellular debris,
the supernatant was collected. Protein quantification was
performed using the Micro BCA Protein Assay Kit (Thermo
Scientific, Rockford, IL). The samples were boiled at 100°C
for 7 minutes, and 10-20 µg of each sample was loaded onto
6%, 10%, 12%, or 15% polyacrylamide gels. After electrophoresis, gels were electro-transferred onto polyvinylidene difluoride membranes (EMD Millipore). After blocking
with 5% skim milk and 5% bovine serum albumin (BSA) in
Tris-buffered saline with Tween 20 (TBS-T) for 1 hour, the
membranes were incubated with primary antibodies overnight at 4°C, followed by incubation with appropriate sec-
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ondary antibodies for 1 hour the next day. A WEST-ZOL
(plus) western blot detection system (Intron, Seongnam,
Korea) was used to develop the blot, detected by Medical
X-Ray Film Blue from AGFA (Septestraat, Mortsel, Belgium).
The data was quantified by Image Studio Lite software ver.
5.2 (LI-COR, Lincoln, NE) and normalized by corresponding
GAPDH or -actin control.
5. Cell-cycle analysis
The cell-cycle distribution was determined by propidium
iodide (PI) staining. Karpas 299 cells were treated with
everolimus and/or crizotinib. After 72 hours, cells were collected, washed with PBS, and fixed in ice-cold 70% ethanol
for at least 2 days but less than 1 week. After staining with
42 µg/mL PI (Sigma-Aldrich), 140 ng/mL RNase A (Invitrogen, Carlsbad, CA), 0.1% BSA, and PBS, the cells were analyzed using a FACSCalibur flow cytometer (BD Biosciences,
San Jose, CA). Results are expressed as the mean value of five
independent experiments.
6. Apoptosis assays
After the cells were exposed to chemotherapeutic agents,
the degree of apoptosis was assessed using Annexin V-FITC
and PI double-staining according to the protocols of the manufacturer (BD Biosciences). The cells were analyzed using a
FACSCalibur flow cytometer (BD Biosciences). Annexin
V-positive cells were defined as apoptotic. Results are
expressed as the mean value of three independent experiments.
7. In vivo tumor model
For in vivo experiments, 8- to 9-week-old NOD.Cg-Prkdc
severe combined immunodeficiency Il2rgtm1Wjl/SzJ (NSG)
mice (Jackson Laboratory, Bar Harbor, ME) were injected
subcutaneously with 1107 Karpas 299 or SU-DHL-1 cells.
When the tumor reached 40 mm3, mice were randomized to
four groups of two mice each: control group (saline with
dimethyl sulfoxide), everolimus alone (0.25 mg/kg/day),
crizotinib alone (10 mg/kg/day), or combination, administered orally once daily for 18 days. Body weight was monitored weekly throughout the experiment until euthanasia.
Estimation of volumes by caliper measurement was performed weekly, using the following formula: volume=
(width)2(length)/2. All animal experiments were approved
by the institutional animal care and use committee.

8. Immunohistochemistry
Fresh mice xenograft tumors were fixed in formalin and
embedded in paraffin. For immunohistochemistry staining,
tissue sections of 4 µm in thickness were deparafinized,
rehydrated and washed. Each tissue sample was analyzed
after hematoxylin and eosin (H&E) staining. Then, apoptosis
was analyzed by terminal deoxynucleotidyl transferase–
mediated dUTP nick end (TUNEL) assay, using the In Situ
Cell Death Detection Kit (Roche, Basel, Switzerland). Monoclonal anti-Ki-67 antibody (clone D2H10) from Cell Signaling
Technology (Beverly, MA) was used to detect proliferating
cells. All procedures were carried out according to the manufacturer´s recommendation.
9. Statistical analysis
Experimental data were expressed as the mean±standard
error. The combination index (CI) was calculated by CalcuSyn software ver. 2.11 (Biosoft, Cambridge, UK) using the
median effect methods. A CI of 1 indicates an additive effect
of two drugs, less than 1 indicates synergism, and more than
1 indicates antagonism. Statistical differences between the
two groups were analyzed using a Student’s t-test for both
in vitro and in vivo experiments. All statistical tests were twosided, with significance defined as p < 0.05. All statistical
analyses were performed using Prism 7 (GraphPad Software,
La Jolla, CA).

Results
1. Crizotinib combined with everolimus synergistically
inhibits proliferation of ALK-positive ALCL cells
Karpas 299 and SU-DHL-1 cells were treated with 0.0011 µM everolimus or 0.01-1 µM crizotinib for 72 hours and cell
viability was assessed. Both everolimus and crizotinib
potently inhibited proliferation in a dose-dependent manner
in the two cell lines (Fig. 1A). The half maximal inhibitory concentration (IC50) values for everolimus were 3.8 nM in Karpas
299 and 2.7 nM in SU-DHL-1. IC50 values for crizotinib were
54.1 nM in Karpas 299 and 53.4 nM in SU-DHL-1. Karpas 299
and SU-DHL-1 cells were then treated with everolimus or
crizotinib alone, and a combination of the two agents at a fixed
ratio of 1:40. The combination of everolimus and crizotinib
showed synergistic cytotoxic effects in the two ALCL cell lines
compared with everolimus or crizotinib alone (Fig. 1B).
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Fig. 1. The cytotoxic effect of everolimus and/or crizotinib on anaplastic lymphoma kinasepositive anaplastic large cell
lymphoma cells. (A) Karpas 299 and SU-DHL-1 cells were treated with increasing concentrations of everolimus or crizotinib
for 72 hours. Both everolimus and crizotinib potently inhibited growth in a dose-dependent manner in the two cell lines. (B)
Karpas 299 and SU-DHL-1 cells were then incubated with everolimus and/or crizotinib at a fixed ratio of 1:40 for 72 hours.
Combination index (CI) values were indicated in the graphs. In all combinations, the CI values are less than 1, indicating
synergistic cytotoxic effects of the combination treatment.

2. Everolimus and crizotinib have different effects on signal
transduction pathways
Crizotinib, not everolimus, decreased ALK phosphorylation
in Karpas 299 and SU-DHL-1 cell lines, whereas there were no
significant effects of crizotinib or everolimus on total ALK
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expression levels (Fig. 2A). Previous studies have shown that
mTORC1 activity can be evaluated by measuring the phosphorylation of Ser2448 on mTOR, while mTORC2 activity may
be quantified by assessing the phosphorylation of Ser2481 [13].
Thus, we determined that the activity of mTORC1 and
mTORC2 was decreased by everolimus and crizotinib in both
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Fig. 2. The effect of everolimus and/or crizotinib on signaling pathways in anaplastic lymphoma kinase (ALK)positive
anaplastic large cell lymphoma cells. (A) Karpas 299 and SU-DHL-1 cells were treated with 0-16 nM of everolimus or with
0-80 nM of crizotinib for 24 hours. (Continued to the next page)
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Fig. 2. (Continued from the previous page) (B) Karpas 299 and SU-DHL-1 cells were treated with 2 nM everolimus and/or
80 nM crizotinib for 24 hours. The combination treatment more potently inhibited phosphoinositide 3-kinase/AKT, Ras/ERK,
and mechanistic target of rapamycin (mTOR) signaling pathways compared with everolimus or crizotinib alone.

Karpas 299 and SU-DHL-1 cells. Phosphorylation of p70S6K
was also down-regulated by both everolimus and crizotinib
exposure. In Karpas 299 cells, 4E-BP1 phosphorylation tended
to increase after everolimus or crizotinib treatment, whereas
it tended to decrease in SU-DHL-1 cells. Everolimus resulted
in increased phosphorylation of AKT in both cells. In addition,
everolimus up-regulated phosphorylated ERK in Karpas 299
cells. After crizotinib treatment, both AKT and ERK phosphorylation was down-regulated in a dose-dependent manner.
3. Crizotinib down-regulates everolimus-induced AKT and
ERK phosphorylation and strengthens mTOR inhibition
Karpas 299 and SU-DHL-1 were treated with 2 nM of
everolimus and 80 nM crizotinib for 24 hours, separately and
in combination (Fig. 2B). In Karpas 299 cells, the combined
dose of everolimus and crizotinib further inhibited AKT
Thr308 phosphorylation compared with everolimus or crizotinib alone. In SU-DHL-1 cells, the combination treatment further down-regulated phosphorylation of AKT Thr308 and
Ser473 and ERK. The combination also decreased phosphorylation of mTOR Ser2448 and Ser2481, and p70S6K Thr389.
Decreased mTOR phosphorylation indicated that everolimus
combined with crizotinib inhibits both mTORC1 and mTOR-
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C2 activities. Phosphorylation of 4E-BP1, another substrate of
mTORC1, decreased in SU-DHL-1 cells on exposure to combination treatment, but this decrease was not apparent in
Karpas 299 cells.
4. Combined effects of everolimus and crizotinib are reproduced in an ALK-positive lung adenocarcinoma cell line,
NCI-H2228
NCI-H2228 cells were treated with everolimus and/or crizotinib at a fixed ratio of 1:80 for 72 hours, and then cell viability
was assessed. As expected, crizotinib combined with everolimus exhibited synergistic cytotoxicity (Fig. 3A). Western blot
analysis indicated that crizotinib, not everolimus, decreased
ALK phosphorylation, whereas there were no significant
effects of crizotinib or everolimus on total ALK expression
levels (Fig. 3B). Everolimus predominantly down-regulated
mTORC2 activity, while crizotinib had little effect. Everolimus
potently reduced the phosphorylation of p70S6K and 4E-BP1,
while a modest dose-dependent inhibition of p70S6K and
4E-BP1 was observed in crizotinib-treated cells. Expectedly,
everolimus tended to increase AKT Ser473 phosphorylation,
which was decreased by crizotinib treatment. Both everolimus
and crizotinib had little effect on ERK phosphorylation. NCI-

Wendan Xu, Crizotinib and Everolimus in ALCL

A
100

Survival (%)

80
60
0.228
0.216

40
20

0.349

Everolimus
Crizotinib
Combination

0
Everolimus (nM)
Crizotinib (nM)

1
80

2
160

4
320

B
Everolimus

Crizotinib

0

8

16

32

64

0

160

320

640

1,280 (nM)

1

0.81

0.94

1.13

1.11

1

0.96

0.25

0.06

0.03

1

0.94

1.28

1.15

1.20

1

1.19

1.42

1.47

1.13

1

0.81

0.96

0.67

0.91

1

1.00

0.94

0.82

0.67

1

0.52

0.34

0.33

0.39

1

1.06

1.05

0.91

0.70

1

0.17

0.08

0.04

0.06

1

0.63

0.55

0.52

0.40

1

0.35

0.20

0.19

0.11

1

0.80

0.86

0.52

0.40

1

0.52

0.52

0.34

0.22

1

1.12

1.09

0.66

0.25

1

1.66

1.47

1.27

1.38

1

1.18

1.31

0.89

0.61

1

1.10

1.16

0.82

1.04

1

1.25

1.02

0.97

0.84

p-ALK
ALK
p-mTOR (Ser2448)
p-mTOR (Ser2481)
p-p70S6K
p-4E-BP1
p-AKT (Thr308)
p-AKT (Ser473)
p-ERK
GAPDH

Fig. 3. Synergistic cytotoxicity of everolimus and crizotinib combination and its effects on signaling pathways in the anaplastic lymphoma kinase (ALK)positive lung adenocarcinoma cell line, NCI-H2228. (A) NCI-H2228 cells were treated with
everolimus and crizotinib at a fixed ratio of 1:80 for 72 hours. Combination index (CI) values calculated are indicated in the
graphs. In all combinations, the CI values were less than 1, indicating synergistic cytotoxic effects of this combination treatment in ALK-positive lung adenocarcinoma cells. (B) To evaluate the effect of everolimus and crizotinib on signaling pathways, NCI-H2228 cells were treated with 0-64 nM of everolimus or with 0-1,280 nM of crizotinib for 24 hours. (Continued to
the next page)
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Fig. 3. (Continued from the previous page) (C) NCI-H2228
cells were treated with 16 nM everolimus and/or 1,280 nM
crizotinib for 24 hours. The combination treatment abrogated phosphorylation of molecules in phosphoinositide
3-kinase/AKT and mechanistic target of rapamycin
(mTOR) signaling pathways, while its effects on the
Ras/ERK signaling pathway was not apparent.

H2228 cells were then treated with 16 nM everolimus and/or
1,280 nM crizotinib, alone and in combination, for 24 hours. A
combined dose of everolimus and crizotinib effectively
decreased phosphorylation of mTOR, p70S6K, 4E-BP1, and
AKT (Fig. 3C). ERK phosphorylation, however, was barely
altered after the combination treatment.
5. When combined, crizotinib and everolimus induce cellcycle arrest and apoptosis
Karpas 299 and SU-DHL-1 cells were treated with 1 nM
everolimus and 40 nM crizotinib, alone and in combination,
for 72 hours, after which we performed PI staining and flow
cytometry (Fig. 4A). Crizotinib as a single agent significantly
increased cell-cycle arrest in G0/G1 phase (28.25±1.19% vs.
60.48±1.93% in Karpas 299 cells [p < 0.001] and 40.36±1.39%
vs. 48.88±1.52% in SU-DHL-1 cells [p=0.003]). Everolimus
alone significantly increased G0/G1 cell-cycle arrest in Karpas
299 cells (28.25±1.19% vs. 35.26±0.96%, p=0.002), and SU-DHL1 cells, although the increase in SU-DHL-1 was not significant
(40.36±1.39% vs. 41.91±0.90%, p=0.378). Importantly, the frac-
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tion of cells blocked in G0/G1 phase was significantly
increased by the combination treatment compared with crizotinib alone (60.48±1.93% vs. 72.83±2.08% in Karpas 299 cells
[p=0.002] and 48.88±1.52% vs. 64.83±1.57% in SU-DHL-1 cells
[p < 0.001]).
Karpas 299 and SU-DHL cells were treated with 1 nM
everolimus and 40 nM crizotinib, alone or in combination, for
72 hours, and then stained with Annexin VFITC and PI for
apoptosis analysis by flow cytometry (Fig. 4B). Everolimus
tended to increase apoptosis compared with the control,
although this was not significant (5.36±0.50% vs. 6.60±0.98%
in Karpas 299 cells [p=0.322] and 7.45±0.64% vs. 13.16±2.81%
in SU-DHL-1 cells [p=0.118]). Crizotinib as a single agent
increased apoptosis (5.36±0.50% vs. 15.39±2.77% in Karpas 299
cells [p=0.023] and 7.45±0.64% vs. 20.29±4.59% in SU-DHL-1
cells [p=0.0503]). Compared with everolimus alone, the combination treatment further increased apoptosis in both Karpas
299 (6.60±0.98% vs. 17.38±2.99%, p=0.027) and SU-DHL-1 cells
(13.16±2.81% vs. 64.04±11.64%; p=0.013), to a significant
degree. Similarly, when compared with crizotinib alone, the
combination treatment significantly increased apoptosis in
SU-DHL-1 (20.29±4.59% vs. 64.04±11.64%, p=0.025), and
tended towards increasing apoptosis in Karpas 299 cells
(15.39±2.77% vs. 17.38±2.99%, p=0.652).
Western blot analysis revealed that the combination treatment down-regulated cyclin D1 and up-regulated p27. In
addition, the combination treatment promoted cleavage of
PARP and caspase 3, and increased gamma-H2A.X expression
(Fig. 4C).
6. Combination of everolimus and crizotinib shows an
enhanced antitumor effect compared to single treatments in
the Karpas 299 xenograft model
To find out if our in vitro findings could be translated into
an in vivo setting, we evaluated the antitumor effects using a
mouse xenograft model of Karpas 299 cell line. Everolimus or
crizotinib as a single agent exerted a significant antitumor
effect (p < 0.001 for both everolimus and crizotinib) (Fig. 5A).
The combination treatment of everolimus and crizotinib further decreased tumor volume compared with crizotinib alone
(81.25±8.84 mm3 vs. 135.00±12.73 mm3, p=0.039) and everolimus alone (81.25±8.84 mm3 vs. 118.75±8.84 mm3, p=0.051). In
addition, there was no significant change in body weight in
each treatment group and no significant difference in body
weight among treatment groups (Fig. 5B). Similar results were
also reproduced in an SU-DHL-1 xenograft model (S1 Fig.).
To evaluate changes in tumors under the effect of everolimus and/or crizotinib, we first stained tumor tissues with
H&E. Everolimus or crizotinib alone induced apoptotic cells
in tumors evidenced by pyknotic nucleus, in comparison with
vehicle-treated control. The tumors with combination treat-
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ment showed not only pyknotic cells, but also large areas of
dead cells (Fig. 5C). Everolimus combined with crizotinib also
decreased Ki-67 expression compared to monotherapy, indicating anti-proliferative activity of the combination treatment.
The staining of TUNEL indicates the existence of DNA fragmentation; therefore, the tumor section of combination treatment showed enhanced apoptosis compared to control or
single treatment. Western blot analysis also revealed an
increased cleaved-PARP after combination treatment (Fig. 5D).

Discussion
In this study, the combination of everolimus, an mTOR
inhibitor, and an ALK inhibitor crizotinib showed a synergistic antitumor activity in ALK-positive preclinical models.
We show that everolimus increased AKT and ERK phosphorylation in ALK-positive ALCL cells. Crizotinib in combination with everolimus demonstrated synergistic cytotoxicity
by abrogating aberrant AKT and ERK phosphorylation
induced by everolimus (Fig. 6). In addition, this combination
treatment significantly increased G0/G1 cell-cycle arrest,
DNA damage, and apoptosis. Moreover, this anti-proliferative activity could be translated into an ALCL in vivo
xenograft model.

608

CANCER RESEARCH AND TREATMENT

The mTOR signaling pathway is frequently deregulated in
many human cancers including ALCL [8,14]; thus, it is
anticipated that inhibiting mTOR would be a promising
strategy for the treatment of a variety of cancers. Currently,
there are several mTOR inhibitors under clinical development as anti-cancer therapies. However, previous reports
showed that mTORC1 inhibition using rapalogs leads to
up-regulation of AKT and ERK by several different mechanisms [15-18]. One of the major substrates of mTORC1,
p70S6K, regulates the pathway via a feedback mechanism in
which PI3K is inhibited by IRS1 down-regulation. Thus,
mTORC1 inhibition using rapalogs, which down-regulates
p70S6K, leads to PI3K activation [15]. The p70S6K also
inhibits mTORC2 through phosphorylation of Rictor at
Thr1135 [16]. Therefore, p70S6K down-regulation by
rapalogs allows mTORC2 activity, leading to AKT phosphorylation on Ser473. In addition, mTOR inhibition increases
platelet-derived growth factor receptor expression, leading
to further increase in AKT phosphorylation on Ser473 [17].
ERK activation is also triggered by mTORC1 inhibition
through the p70S6K-IRS-Ras pathway in cancer patients as
well as in vitro experiments and a preclinical model of
prostate cancer [18]. In our study, crizotinib attenuated AKT
and ERK activation triggered by everolimus.
In ALK-positive ALCL cells, the aberrant NPM-ALK fusion
gene activates Ras/ERK, STATs, and PI3K/AKT signaling
pathways. Crizotinib effectively inhibits phosphorylation of
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ALK, AKT, ERK, PLC-, and STAT3, both in vitro and in vivo
[19]. A previous report showed that two ALK-positive ALCL
patients could achieve rapid complete remission after crizotinib treatment, even though they had previously relapsed
after CHOP (cyclophosphamide, doxorubicin, vincristine,
and prednisone) chemotherapy [20]. Another clinical study
of crizotinib monotherapy in patients with relapsed or refractory ALK-positive NHL reported an overall response rate of
91% (10 of 11) with 2-year overall and progression-free survival rates of 72.7% and 63.7%, respectively [21]. However, a
substantial portion of patients eventually experienced
relapse or progression despite crizotinib treatment, possibly
due to acquired resistance to crizotinib developed during
treatment. In previous preclinical crizotinib study in ALKpositive ALCL, Christensen et al. [19] demonstrated that
crizotinib was ineffective at downregulating phosphorylated
AKT, a main up-stream molecule of mTOR, even at doses
that inhibited phosphorylated ALK completely. Berry et al.
[12] demonstrated that while crizotinib abolished ALK phosphorylation, it had little effect on AKT, S6K and 4EBP1 phosphorylation in ALKF1174L/MYCN neuroblastoma model,
which leads to a conclusion that the resistance to crizotinib
might correlate to incomplete inhibition of key signaling
pathways including mTOR. Therefore, we hypothesized that,
rather than a monotherapy, crizotinib might be used more
effectively as a part of a combination therapy with other
chemotherapeutic agents.
As for the mechanism of action, crizotinib binds to the ATP
binding site of ALK enzyme and subsequently prevents
auto-phosphorylation. In line with our western blot results,
Megiorni et al. [22] demonstrated that crizotinib treatment
inhibited the phosphorylation of ALK, AKT, and ERK in
rhabdomyosarcoma cells. However, there was no change in
total protein expression levels of these molecules in relation
to crizotinib treatment [22]. As for everolimus, it acts by bind-
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ing to the immunophilin FK binding protein-12, and thus
inhibits the activation of mTOR. In agreement with our
experimental data, Xu et al. [23] demonstrated that everolimus treatment in diffuse large B-cell lymphoma cell lines
substantially decreased phosphorylation of AKT (Thr308),
mTOR (Ser2448), p70S6K, and 4E-BP-1 (Thr37/46), without
corresponding changes in total protein expression levels of
these molecules. These data suggest that neither of the two
targeted agents acts at transcriptional level. Therefore, these
two targeted agents exert inhibitory effects on signaling pathways by decreasing phosphorylation of target molecules.
Our results showed that, on one hand, the synergistic antiproliferative effect of this novel combination suggested that
ALK inhibition could help overcome everolimus resistance
in ALK-positive ALCL cells by inhibiting down-stream
PI3K/AKT and Ras/ERK signaling pathways. In addition,
the effect of everolimus on mTORC1 and p70S6K down-regulation was strengthened by the addition of crizotinib. On
the other hand, crizotinib had less effect on mTOR phosphorylation, especially on Ser2448, which is a down-stream target of AKT. This limitation of crizotinib could be overcome
by addition of everolimus. Everolimus added to crizotinib
further decreased mTOR phosphorylation uniformly in the
three ALK-positive cell lines we tested. Recently, a synergistic effect between crizotinib and temsirolimus, another
mTOR inhibitor, in ALK-positive ALCL cell lines has been
reported by Redaelli et al. [24]. In their study, the combination treatment inhibited tumor growth both in vitro and in
vivo, along with a sharp cell-cycle block in G0/G1 phase,
which is in agreement with our study. Moreover, our study
highlighted the detailed mechanisms that the synergistic
antitumor effects of ALK and mTOR inhibitors were mediated by enhanced apoptosis due to the effective inhibition of
both up-stream and down-stream of mTOR signaling. These
results suggest that the limitations of anti-ALK or anti-mTOR
monotherapy could be overcome by the combination treatment. Nevertheless, the effect of everolimus or crizotinib on
4E-BP1 phosphorylation was not consistent in the cell lines
tested. A previous study showed that rapamycin could
induce 4E-BP1 phosphorylation within 6 hours despite initial
inhibition within 3 hours [25]. Crizotinib can also induce
4E-BP1 phosphorylation in ALK-positive lung cancer cells
although the precise mechanism remains unknown [26]. The
combination of crizotinib and everolimus did not change
4E-BP1 phosphorylation in Karpas 299 cells, whereas it
markedly reduced 4E-BP1 phosphorylation in SU-DHL-1
and NCI-H2228 cells (Figs. 2B and 3C). In previous studies
performed using lung cancer cells, rapamycin-induced
4E-BP1 phosphorylation could be abrogated by BKM120
(a PI3K inhibitor) or BEZ235 (a PI3K/mTOR dual kinase
inhibitor) [27,28]. Therefore, it is hypothesized that PI3K
inhibition might be applicable to overcome the limitation of

Wendan Xu, Crizotinib and Everolimus in ALCL

A

B
Crizotinib

NPM

ALK

NPM

IRS1

p

IRS1
Ras

PI3K

p

T308

T308

AKT
p

S473

ERK

mTORC2
Rictor

p70S6K

Ras

PI3K

AKT
p

ALK

S473

ERK

mTORC2
Rictor

mTORC1

mTORC1

Raptor

Raptor

4E-BP1

p70S6K

Everolimus

4E-BP1

Fig. 6. Schematic diagram of signaling pathways in anaplastic lymphoma kinase (ALK)positive anaplastic large cell lymphoma (ALCL) cells. (A) Phosphoinositide 3-kinase (PI3K)/AKT and Ras/ERK pathways were activated by the nucleophosmin (NPM)-ALK fusion protein in ALK-positive ALCL cells. (B) Combination treatment of crizotinib and everolimus
abrogated the AKT and ERK phosphorylation caused by everolimus.

crizotinib and everolimus combination therapy.
Previous studies have shown that crizotinib induces
G0/G1 arrest in ALK-positive ALCL cells [19], which is in
keeping with our results. Notably, the addition of everolimus
to crizotinib significantly increased the G0/G1 population.
In accordance with this finding, cyclin D1 was markedly
down-regulated by the combination treatment. In the present
study and in previous reports, both rapalog and crizotinib
induced apoptosis in ALK-positive ALCL cells [19,29]. In our
study, the combination of crizotinib and everolimus significantly increased the Annexin Vstained population in both
Karpas 299 and SU-DHL-1 cells (Fig. 4B). In addition, the
combination increased gamma-H2A.X expression and cleavage of PARP and caspase 3 (Fig. 4C), consistent with
increased DNA damage and apoptosis. An enhanced apoptosis was also observed in a Karpas 299 xenograft model after
the combination treatment, as evidenced by stronger TUNEL
staining in immunohistochemistry and increased PARP
cleavage in western blot. Taken together, our results suggest
that the combination treatment promotes G0/G1 cell-cycle
arrest, DNA damage, and apoptosis.
Several ALK-fusion genes have been identified in a variety
of cancers, such as lung adenocarcinoma, inflammatory
myofibroblastic tumor, and renal cell carcinoma [30]. There-

fore, we speculate that our finding could be applied to other
cancers harboring ALK-fusion genes. We tested this hypothesis in an ALK-positive lung adenocarcinoma cell line. The
combination of crizotinib and everolimus showed a synergistic cytotoxic effect in NCI-H2228 cells (Fig. 3). In addition,
the combination treatment effectively abrogated the PI3K/
AKT and mTOR signaling pathways, with little effect on the
Ras/ERK signaling pathway. This result suggests that the
combination might be an effective treatment strategy in other
cancers harboring ALK-fusion genes.
Our in vitro results suggest that the combination of everolimus and crizotinib demonstrated synergistic anti-proliferative activity through inhibition of down-stream signaling
pathways of ALK. However, the potential of clinical translation of this novel combination encourages an in vivo validation. In our Karpas 299 murine model, an enhanced reduction in tumor volume was observed in the combination treatment group, as compared with the single-agent treatment
groups, without significant change in body weight of mice.
The combination of crizotinib and everolimus synergistically inhibited proliferation of ALK-positive ALCL cells in
both in vitro and in vivo experiments. Crizotinib inhibited
aberrant AKT and ERK phosphorylation induced by everolimus, and more effectively suppressed the activity of mTOR
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than everolimus monotherapy, resulting in increased G0/G1
cell-cycle arrest, DNA damage, and apoptosis. Further clinical trials using crizotinib and everolimus combination are
therefore warranted in ALK-positive ALCL. We suggest that
this novel combination could be used to improve therapeutic
outcome in patients with ALK-positive ALCL.
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The aims of this study were to explore how oncologists and resident physicians practice
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Materials and Methods
A survey questionnaire was developed to explore the experiences and opinions about EOL
discussions among oncologists and residents. Descriptive statistics, the t test, and the chisquare test were performed for the analyses.
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Results
A total of 147 oncologists and 229 residents participated in this study. The study respondents reported diverse definitions of “terminal state,” and most respondents tried to disclose
the patient’s condition to the patient and/or family members. Both groups were involved in
EOL care discussions, with a rather low satisfaction level (57.82/100). The best timing to
initiate discussion was considered when metastasis or disease recurrence occurred or when
withdrawal of chemotherapy was anticipated. Furthermore, the study respondents suggested that patients and their family members should be included in the EOL discussion.
Medical, legal, and ethical knowledge and communication difficulties along with practical
issues were revealed as barriers and facilitators for EOL discussion.
Conclusion
This study explored various perspectives of oncologists and resident physicians for EOL discussion. Since the Life-Sustaining-Treatment Decision-Making Act will be implemented
shortly in Korea, now is the time for oncologists and residents to prepare themselves by
acquiring legal knowledge and communication skills. To achieve this, education, training,
and clinical tools for healthcare professionals are required.
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Introduction
Cancer is the most prevalent cause of death in Korea,
despite recent advances in anti-cancer therapy. Currently,
death is usually processed within the medical care delivery
system, while the distinction between life and death has been
obscured by advanced medical technology [1]. Thus, discussions and decisions on medical care, including hospice and
palliative care (HPC) during the end-of-life (EOL) period,
have become more important [2,3]. Dying is an extremely
private experience that varies from person to person [4].
Therefore, it is important to consider each patient’s personal
values and wishes for EOL care. To advocate the patients’
wishes and to allow self-determination for EOL care, the use
of the advance directives (AD) and physician’s order of lifesustaining-treatment (POLST) have been recommended in
western countries, and these are included in the Life-Sustaining-Treatment Decision-making Act for dying and hospice/
palliative care patients (LST Decision Act), which will be
enforced shortly in Korea. The LST Decision Act specifies the
physician’s explanation about EOL treatment options,
including LST and hospice care, and about POLST in the context of advance care planning (ACP). During the ACP
process, patients who are near their EOL, including terminal
cancer patients, can get the opportunity to discuss their
wishes for future healthcare decisions with all stakeholders,
including physicians, family members, and/or others [5].
The product of this process is either AD or POLST, and the
key factor for making decisions considering the patient’s best
interest is communication among the stakeholders during
this type of discussion [6].
Given that EOL discussions will become more important
in Korea along with the implementation of the LST Decision
Act, studies to identify clinical situations and/or strategies
to facilitate this type of discussion are needed, as these are
currently lacking. Therefore, this study was performed to
explore the issues or problems hindering EOL discussions
and to suggest strategies for better EOL discussions. To this
end, this study aimed to (1) identify the patterns and barriers
that oncologists and resident physicians have experienced in
EOL discussions in current clinical circumstances and (2)
solicit their opinions about better EOL discussions, particularly in terms of the facilitators needed in such discussions.

Materials and Methods
Oncologists and resident physicians who treated cancer
patients during the study period were invited to participate

in this survey. The survey was performed from June 2013 to
January 2014 using a questionnaire. The study questionnaire
was developed by the authors to explore the oncologists’ and
residents’ experiences and opinions on EOL discussion. To
develop the questionnaire, query items were generated by
the authors, and the content validity of the generated items
was subsequently verified through an expert review process.
The draft questionnaires were polished to obtain a final version of the questionnaire after a pilot test with a sample of
five oncologists and five residents. The final questionnaires
were distributed to the eligible subjects by two methods:
directly administered at the 2013 annual symposium of the
Korean Cancer Association for oncologists and mailed to
oncologists who had agreed to distribute the questionnaires
to the resident physicians in their affiliated institutions.
The characteristics of each group of respondents are presented using descriptive statistics. Differences in EOL discussion experiences and opinions for better discussion
between the oncologists and residents were examined using
the t test or chi-square test, as appropriate.

Results
1. Subject characteristics
A total of 379 participants agreed to participate in this
study. Of these, three respondents were excluded due to
incomplete responses. Hence, the final sample consisted of
376 physicians, including 147 oncologists and 229 residents.
The demographic characteristics of the respondents are presented in Table 1. As expected, the oncologist group was
older, contained a higher proportion of married individuals,
and showed a higher education level. More oncologists were
also religious, while the affiliations were similar between the
two groups.
2. Experience in EOL discussion
Approximately two-thirds of the oncologists (64.4%) and
residents (61.7%) referred to “terminal stage” as a life
expectancy of either less than 6 months or less than 2-3
months. In both groups, almost all respondents tried to disclose the bad news to the patients and/or their family members (Table 2). The two groups showed a significant difference regarding the timing to initiate EOL discussion
(p < 0.001). The oncologists reported that they usually began
EOL discussion when chemotherapy was expected to be discontinued, while the residents most frequently did so when
the life expectancy was less than 6 months. Both groups
VOLUME 50 NUMBER 2 APRIL 2018
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Table 1. General characteristics of respondents
Variable
Sex
Male
Female
Age (yr)
Marital state
Single
Married
Widowed
Divorced
Education (degree)
Bachelor
Master
Doctoral
Religion
None
Protestant
Catholic
Buddhist
Affiliation
GH
Intermediate GH
Clinic

Total (n=376)

Oncologist (n=147)

Resident (n=229)

225 (59.84)
151 (40.16)
33.43±7.13

78 (53.1)
69 (46.9)
39.26±7.72

147 (64.19)
82 (35.81)
29.68±2.99

179 (47.61)
195 (51.86)
1 (0.27)
1 (0.27)

38 (25.85)
107 (72.79)
1 (0.68)
1 (0.68)

141 (61.57)
88 (38.43)
0(
0(

226 (60.11)
87 (23.14)
63 (16.76)

30 (20.41)
56 (38.10)
61 (41.50)

196 (85.59)
31 (13.54)
2 (0.87)

179 (47.61)
108 (28.82)
60 (15.96)
29 (7.71)

50 (34.01)
55 (37.41)
33 (22.45)
9 (6.12)

129 (56.33)
53 (23.14)
27 (11.79)
20 (8.73)

281 (74.73)
88 (23.40)
7 (1.86)

108 (73.47)
34 (23.13)
5 (3.40)

173 (75.55)
54 (23.58)
2 (0.87)

Values are presented as number (%) or mean±standard deviation. GH, general hospital.

reported that oncologists were the ones who usually initiated
EOL discussions in their clinical practice. Both groups
reported that the patients and family members were the
major discussion participants. However, a difference in the
discussion participants was observed between the two
groups as well, with a significantly larger proportion of residents discussing the EOL care with the family members
only, in the absence of the patients. In terms of the discussion
topics, disease trajectory issues, including the progress and
prognosis of disease (92.82%), and the possibility of recovery
(82.71%) were the most frequent topics. As for EOL care
options, cardiopulmonary resuscitation (CPR; 77.13%), HPC
(73.40%), LST (71.54%), and the place of EOL care (58.51%)
were the four most common subjects discussed. Relatively
low proportions of respondents reported that they discussed
the benefits and burden of chemotherapy (37.23%) and any
alternative treatments (23.14%). Interestingly, proxy appointments were also discussed by a small proportion of respondents (22.07%). The difficulty in life expectancy estimation
was explored as the major barrier for residents (61.14%),
whereas family members’ reluctance to include the patient
in the discussion was the most common barrier (55.78%) for
oncologists (Table 2).
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The average number of cases per month that involved EOL
discussions was 6.24, and the number of patients that were
transferred to HPC significantly differed between the
groups, with more HPC transfers occurring in the oncologist
group than in the resident group. Overall, the level of satisfaction regarding the EOL discussion practiced in each
respondent’s institution was reported to be rather low (57.82
of 100).
3. Opinions for better EOL discussion process
Discontinuation of chemotherapy and exacerbation of disease such as metastasis or recurrence of disease were suggested as the two most significant indications to begin EOL
discussion by both oncologists and residents (Table 3). The
majority of respondents (83.33%) considered oncologists as
the most appropriate persons to initiate the EOL discussion.
Regardless of the groups, hospice care specialists (41.10%)
were suggested as the best expert for conducting ongoing
EOL discussions. However, there were significant differences
in the opinion about the other qualified experts for ongoing
EOL discussions between the two groups; more oncologists
(35.71%) considered palliative coordinators as adequate per-
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Table 2. Experience in end-of-life discussion
EOL discussion
Definition of terminal statea)
Life expectancy 6 months or less
Life expectancy 2-3 months
Deterioration of condition
Discontinuation of chemotherapy
Impending death
Others
Timing to initiate discussiona)
Life expectancy 2-3 months or less
When chemotherapy is expected to be discontinued
Life expectancy 6 months or less
Upon chemotherapy discontinuation
Upon metastasis or recurrence
Impending death
Upon cancer diagnosis
Others
Notification bad news
Always notify
Notify as much as possible
Not notify as possible
Others
Discuss witha)
Patients and family members
Family members
Patients
Discussion subjectsb)
Prognosis
Cardiopulmonary resuscitation
Hospice/Palliative care
Life-sustaining treatments
Place of EOL care
Benefits and burden of chemotherapy
Alternative treatments
Proxy appointment
Hospice palliative care transfera)
1-2 times/mo
3-5 times/mo
None
6-10 times/mo
 10 times/mo
No. of EOL discussion per month
Level of satisfaction about EOL discussion

Total
(n=367)

Oncologist
(n=147)

Resident
(n=229)

127 (34.05)
107 (28.69)
77 (20.64)
49 (13.34)
2 (0.54)
11 (2.95)

50 (34.25)
44 (30.14)
24 (16.43)
23 (15.75)
0(
5 (3.42)

77 (33.92)
63 (27.75)
53 (23.35)
26 (11.45)
2 (0.88)
6 (2.64)

0.563

75 (20.16)
74 (19.89)
73 (19.62)
63 (16.94)
48 (12.90)
21 (5.65)
15 (4.03)
3 (0.81)

31 (21.68)
36 (25.17)
21 (14.69)
34 (23.78)
14 (9.79)
1 (0.70)
3 (2.10)
3 (2.10)

44 (19.21)
38 (16.59)
52 (22.70)
29 (12.66)
34 (14.85)
20 (8.73)
12 (5.24)
0(

< 0.001

247 (65.69)
128 (34.04)
1 (0.27)
10 (2.77)

103 (70.07)
44 (29.93)
0(
2 (1.45)

144 (62.88)
84 (36.68)
1 (0.44)
8 (3.59)

0.327

234 (62.73)
133 (35.66)
6 (1.61)

109 (75.17)
32 (22.07)
4 (2.76)

125 (54.82)
101 (44.30)
2 (0.88)

< 0.001

349 (92.82)
291 (77.13)
276 (73.40)
269 (71.54)
220 (58.51)
140 (37.23)
87 (23.14)
83 (22.07)

135 (91.84)
99 (67.35)
113 (76.87)
95 (64.63)
85 (57.82)
49 (33.33)
49 (33.33)
30 (20.41)

213 (93.01)
191 (83.41)
164 (71.62)
173 (59.83)
134 (58.52)
89 (38.86)
38 (16.59)
53 (23.14)

155 (42.12)
110 (29.89)
45 (12.22)
30 (8.15)
28 (7.61)
6.24±9.10
57.82±17.39

43 (30.50)
35 (24.82)
24 (17.02)
18 (12.77)
21 (14.89)
7.60±11.96
57.85±17.58

112 (49.34)
75 (33.04)
21 (9.25)
12 (5.29)
7 (3.08)
5.44±6.65
57.69±17.35

p-value

< 0.001

0.031
0.935

Values are presented as number (%) or mean±standard deviation. a)Missing data excluded from analysis, b)Multiple response.

sonnel to continue the discussion, compared to in the resident group (21.78%), whereas more residents (35.56%) than
oncologists (21.43%) believed that oncologists were the most
appropriate personnel for ongoing discussions. Most study

respondents reported that both the patients and their family
members should be included in the discussion together. Furthermore, CPR (95.74%), mechanical ventilation (89.63%),
and hemodialysis (64.36%) were the treatment options disVOLUME 50 NUMBER 2 APRIL 2018

617

Cancer Res Treat. 2018;50(2):614-623

Table 3. Opinions for better end-of-life discussion
EOL discussion
Timing to initiate discussiona)
When chemotherapy discontinuation is expected
Upon metastasis or recurrence
Upon diagnosis of cancer
Upon chemotherapy discontinuation
When one is healthy
Impending death
Others
Discussion initiated bya)
Oncologists
Hospice care specialist
Palliative care coordinator
Others
Ongoing discussion bya)
Hospice care specialist
Oncologists
Palliative care coordinator
Chaplaincy
Others
Discuss witha)
Patients and families
Patients
Families
Others
Treatment options included in discussionb)
Cardiopulmonary resuscitation
Mechanical ventilation
Hemodialysis
Artificial nutrition/Hydration
Blood transfusion
Antibiotics
Factors considered for LST decision makinga)
Patient’s wishes or values
Family’s opinions
Physician’s opinions
Opinions of proxy
Others

Total
(n=367)

Oncologist
(n=147)

Resident
(n=229)

112 (30.03)
108 (28.95)
73 (19.57)
56 (15.01)
16 (4.29)
4 (1.07)
4 (1.07)

48 (32.88)
52 (35.62)
22 (15.07)
17 (11.64)
4 (2.74)
1 (0.68)
2 (1.37)

64 (29.96)
56 (24.67)
51 (22.47)
39 (17.18)
12 (5.29)
3 (1.32)
2 (0.88)

0.117

305 (83.33)
44 (12.02)
11 (3.01)
6 (0.44)

121 (84.61)
14 (9.79)
5 (3.50)
3 (2.10)

184 (82.51)
30 (13.45)
6 (2.69)
3 (1.35)

0.772

150 (41.10)
110 (30.14)
99 (27.12)
2 (0.55)
4 (1.10)

57 (40.71)
30 (21.43)
50 (35.71)
1 (0.71)
2 (1.43)

93 (41.33)
80 (35.56)
49 (21.78)
1 (0.44)
2 (1.89)

0.035

318 (85.24)
31 (8.31)
23 (6.17)
1 (0.27)

127 (87.00)
11 (7.53)
8 (5.48)
0(

191 (84.14)
20 (8.81)
15 (6.61)
1 (0.44)

0.781

360 (95.74)
337 (89.63)
242 (64.36)
135 (35.90)
91 (24.20)
63 (16.76)

137 (93.20)
131 (89.12)
101 (68.71)
72 (49.00)
43 (29.25)
31 (21.09)

223 (97.38)
206 (89.96)
141 (61.57)
63 (27.51)
48 (20.96)
32 (13.97)

194 (54.19)
79 (22.07)
65 (18.16)
17 (4.75)
3 (0.84)

73 (52.52)
28 (20.14)
29 (20.86)
7 (5.04)
2 (1.44)

121 (55.25)
51 (23.29)
36 (16.44)
10 (4.57)
1 (0.46)

p-value

0.743

EOL, end-of-life; LST, life sustaining treatment. a)Missing data excluded from analysis, b)Multiple response.

cussed for EOL care by most respondents. The respondents
reported the patients’ wishes or values toward EOL care as
the most important factor to be considered in the decision of
LST (Table 3).
4. Barriers and facilitators
The most prevalently recognized barriers for EOL discussion were the family’s reluctance to include a patient in the
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discussion (55.78%) and prognostication difficulty (61.14%)
in the oncologist and resident groups, respectively. Family
members’ request for continuation of treatment (42.29%),
conflict among family members (39.89%), concerns about disappointment or hopelessness of the patient (38.30%), time
constraints (22.07%), and fear of death or feelings of guilt
(21.54%) were also reported as barriers across all respondents. In a minor proportion, practical issues, including legal
and communicational issues, were mentioned as well (Table 4).
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Table 4. Barriers and facilitators of end-of-life discussion
Category

Total (n=376)

Oncologist (n=147)

Resident (n=229)

213 (56.65)
175 (46.54)
159 (42.29)
150 (39.89)
144 (38.30)
83 (22.07)
81 (21.54)
34 (9.04)
26 (6.91)

71 (48.30)
82 (55.78)
56 (38.10)
47 (31.97)
63 (42.86)
46 (31.29)
27 (18.37)
7 (4.76)
10 (6.80)

140 (61.14)
92 (40.17)
103 (44.98)
101 (44.10)
81 (35.37)
37 (16.16)
54 (23.58)
27 (11.79)
15 (6.55)

254 (67.55)
212 (56.38)

84 (59.18)
86 (58.50)

170 (74.24)
126 (55.02)

133 (35.37)
117 (31.12)
111 (29.52)
91 (24.20)
72 (19.15)
57 (15.16)
56 (14.89)
33 (8.78)

50 (34.01)
54 (36.73)
53 (36.05)
42 (28.57)
21 (14.29)
17 (11.56)
27 (18.37)
11 (7.48)

83 (36.24)
61 (26.64)
58 (25.33)
49 (21.40)
51 (22.27)
40 (17.47)
29 (12.66)
22 (9.61)

a)

Barriers
Prognostication difficulty
Family’s reluctance to include a patient in discussion
Family’s request for continuation of treatment
Conflict among family members
Concerns about disappointment or hopelessness
Lack of time
Fear of death or guilty feeling
Probable legal issues
Lacking in communication skills
Facilitatorsa)
Knowledge about prognostication
Understanding of patient and family member’s
socio-psychological aspects
Knowledge of treatments and hospice care
Experiences of treatments and hospice care
Communication skills
Constitution of palliative care team
Conflict resolution skills
Knowledge about legal and ethical issues
Payment for counselling services
Coping skills for psychological distress

Values are presented as number (%). a)Multiple response.

Both groups considered knowledge or understanding
about prognostication (67.54%) and the patients’ and their
family members’ socio-psychosocial status (56.38%) as the
major facilitating factors for EOL discussions (Table 4).
Knowledge (35.37%) and experience (31.12%) in terms of the
treatment options and hospice care, communication skills
(29.52%), palliative care team (24.20%), conflict resolution
skills (19.15%), knowledge about legal and ethical issues
(15.16%), payment for counseling services (14.89%), and coping skills for psychological distress (8.78%) were also claimed
as facilitating factors (Table 4).

Discussion
This study aimed to investigate the clinical practice of EOL
discussions, especially for terminal cancer patients, and the
professional opinions on how to ensure better EOL discussions and what the major barriers and facilitators were conceived to be.
The oncologists and resident physicians reported various

definitions of “terminal state” in the present study, suggesting that the terminal state is diversely interpreted by healthcare professionals, similar to what was reported in a previous
study [7]. In more than half of the study respondents, the terminal state was regarded as a life expectancy of less than
6 months or less than 2-3 months by both the oncologists and
residents. These results seem relevant considering the facts
that the terminal state is defined as a life expectancy of
6 months or less in the U.S. Medicare policy [8] and that the
LST Decision Act defines the terminal state as the state in
which impending death might occur within a few months.
However, in a previous study, concerns about the definition
of “terminal state” based on a specific period of life
expectancy were raised, and the necessity of taking the whole
context into consideration was emphasized [9]. The American Cancer Society also defined the terminal state more
broadly, without referring to life expectancy [10]. In addition,
uncertainty about the illness trajectory has been recognized
as an important barrier for discussing EOL care [11]. Therefore, a more comprehensive definition of terminal state
would be desirable, and a disease-based definition has
recently been proposed in the enforcement regulation of the
LST Decision Act.
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The diverse definitions could influence the communication
between the physicians and patients, as well as among
healthcare providers. According to a study on whether the
same language was used for communication between healthcare professionals and the general population [12], 74.5% of
adults referred to "advanced breast cancer with lung metastasis" as a "terminal" illness, which was different from the
medical opinion. This finding suggests that efforts should be
made to narrow the gap in the understanding of the relevant
terms, including “terminal state” between healthcare professionals and the general population [12], aside from establishing consensus among healthcare providers for clearer EOL
discussion. In addition, the LST Decision Act distinguishes
the terms “terminal state” and “dying phase” and specifies
each definition respectively. Putting aside controversies
regarding the statements of the Act, healthcare providers
need to practice the law, and oncologists and residents need
to acknowledge the lawful definitions and diagnostic criteria
for the terminal state and dying phase of cancer patients.
In the present study, the oncologists and residents showed
a significant difference in the timing for EOL discussion, with
various times emerging. Most residents initiated EOL discussions when the life expectancy was expected to be less than
6 or 2-3 months, while the oncologists did so around the time
cancer treatment was interrupted, especially when chemotherapy was expected to be discontinued. Interestingly, similar to in the oncologist group, the resident group suggested
the best timing to initiate EOL discussion as when withdrawal of chemotherapy was expected and the disease state
deteriorated, that is, the residents did not practice what they
preached. However, explaining the gap between opinions
and practice among residents is beyond the scope of this
study, and efforts should be made to narrow the gap in practice in the future. Nevertheless, the diverse practices and
opinions about the discussion timing in this study not only
reflect how difficult it is to suggest any concrete process for
EOL discussion, but also support the notion that it is important to consider the whole context in EOL discussion [13].
Furthermore, almost all respondents tried to inform the
patient and/or their family members of the patient’s condition. This result is quite encouraging and differs from that of
a previous study in which the physicians preferred to avoid
this type of communication [14]. Noteworthy, more residents
(44.3%) than oncologists (22.7%) discussed the EOL care only
with the family members. This finding has great implications
in two aspects: first, it has been well recognized that patients
are usually excluded from EOL discussions in Korea. Second,
only patients can make decisions for their own EOL care via
AD or POLST under the LST Decision Act. In these regards,
more emphasis needs to be placed on the importance of
patient participation in EOL discussions, particularly for resident physicians. On the contrary, most study respondents
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argued that both patients and their family members should
be involved in EOL discussions. Therefore, means to support
them to practice what they preach will be necessary.
From the results of the questionnaire on the clinical experience with terminal cancer patients, more oncologists than
residents reported that they transferred patients to HPC, and
this result was similar to that of a previous study [13]. Timely
transfer to HPC has been argued to allow the patients and
their family better outcomes and quality of life in a complex
landscape of cancer treatment [15]. Such being the case, early
palliative care referral concurrent with active treatment was
recommended in a previous study [16]. Therefore, strategies
to encourage timely referral to HPC, especially for resident
physicians, need to be identified and practiced.
Both the oncologists and residents referred to oncologists
and palliative care specialists as the most appropriate experts
for EOL discussion initiation and ongoing communication,
respectively. Actually, in clinical practice, cancer patients and
their family members usually rely on oncologists, who order
treatments and provide medical information to them. However, oncologists are generally restricted in time for such
ongoing and time-consuming communication; thus, an HPC
team approach might be a feasible alternative for ongoing
EOL discussions. In the current clinical setting, the residents
also host EOL discussions and transfer patients to HPC services, although significantly less frequently than oncologists.
Therefore, education, training, and supporting systems particularly designed for resident physicians are called for.
More than half of the study respondents suggested CPR,
mechanical ventilation, and hemodialysis as treatment
options to be mentioned in the EOL discussion. This is similar to the results of previous studies [7,17]. Moreover, these
three treatment options are listed as life-sustaining treatments in the LST Decision Act, along with chemotherapy. In
addition, artificial nutrition/hydration, blood transfusion,
and antibiotics were also suggested as EOL care options to
be discussed, albeit by relatively low proportions of respondents. Different attitudes toward artificial nutrition/hydration were also noted between the oncologists and residents,
with the residents considering the necessity of decision-making regarding this procedure as low. According to a previous
study [7], more than 70% of patients, caregivers, and adults
considered discussion of this treatment as necessary. These
different perspectives among healthcare providers, patients,
and caregivers may cause conflicts in the decision-making
and mutual understanding. Furthermore, this option is not
included in the LST Decision Act, which is different from in
other countries, including in the United States. Thus, caution
should be practiced while healthcare providers communicate
treatment options not listed in the Act, even though they
believe that those treatment options deserve to be discussed,
as long as the law is valid.
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In the present study, almost all respondents tried to communicate bad news to the patient and/or family members,
and revealed a rather low satisfaction level (57.82/100)
regarding the current EOL discussion process. This low satisfaction level might be interrelated with the barriers and
facilitators reported herein, which could be categorized into
two major issues, namely knowledge (medical, legal, and
ethical) and communication (skills and policies) issues. These
two issues are key components of various EOL care guidelines [18-20] and require prompt attention since the LST
Decision Act is expected to be increasingly practiced in the
near future in Korea and since more oncologists and/or residents are expected to be involved in EOL discussions,
whether they are prepared for it or not.
These two issues of knowledge and communication need
to be discussed further since they are such critical aspects in
EOL discussion. First, as for knowledge, prognosis estimation was both the major barrier and facilitator and was also
identified as the main subject of EOL discussion in current
practice. Therefore, prognostication issues need to be recognized as the most important topic in EOL discussion. Accurate prognosis estimation is especially important because it
can ensure adequate EOL care decision-making, including
timely HPC transfer. Accordingly, knowledge for prognostication should be considered the most important and urgent
issue in preparing physicians for the EOL discussion process.
Diverse prognostic models have been introduced for more
accurate survival prediction, and one model for terminal cancer patients was validated in Korea, with higher effectiveness
than doctors’ estimation [21]. More unified and validated
tools for specific illnesses are required to aid the healthcare
providers in this matter.
Another aspect that requires attention is the discussion
about the benefits/burdens of chemotherapy, which was
found to be suboptimal in this study. The benefit/burden of
each treatment is known to represent essential information
for EOL discussion [18] and should not be overlooked.
Accurate medical information could allow the patients and
family members to make proper decisions, and issues related
to the benefit/burden of treatment are also considered
important, along with prognostic information. Furthermore,
knowledge or experience of diverse treatments, hospice care,
and legal and ethical aspects was also recognized as important aspects for better EOL discussion by the study respondents, and the design of education and training modules
including these subjects would be helpful.
In this study, the family members’ reluctance to include
the patient in the discussion, family conflicts, psychosocial
aspects such as hopelessness, and even the communication
skills of the physician emerged as both barriers and facilitators. These matters are all associated with communication.
The underpinning philosophy of the LST Decision Act is

patient autonomy and choice, and this philosophy could be
supported through the ongoing process of ACP, which is
now viewed as an intrinsic component of the EOL care program [22]. The concept of ACP has become broader [22], and
communication is critical for effective EOL discussion in the
context of ACP [18]. Therefore, practical and case-based communication guidelines or manuals need to be developed for
healthcare providers.
Furthermore, while communicating with patients and their
family members, healthcare providers need to consider cultural aspect, because all human decisions are closely related
to culture [23], and EOL discussions should hence be performed in a cultural context [23,24]. Thereby, EOL discussion
guidelines that correspond to Korean culture are required.
In this regard, a previous study [12] proposed that the decision-making dynamics surrounding the patient needs to be
taken into account for proper discussion.
Interestingly, in the present study, some respondents
claimed their fears of death and/or feelings of guilt as barriers, indicating that the psychological aspect of the terminal
care providers also is important. In the National Comprehensive Cancer Network guidelines [21], psychosocial support
for palliative care providers after they lost a patient is
included. Thus, in future EOL care guidelines in Korea, psychosocial support for the care providers, during as well as
after the care, should be considered.
Efforts to support self-determination, as described in the
LST Decision Act, in discussing EOL care may not be always
successful, considering the present study results of family
members’ reluctance to discuss the EOL care with their loved
ones, evidence suggesting that not all patients want an active
role in making the decisions [14], and that the preparation
rate of AD in the United States is low [25]. If so, efforts should
be made to facilitate EOL discussions in a larger framework
and to allow healthcare professionals to flexibly cope with
individual matters. In this context, the present study proposes that the EOL discussion should be concentrated on the
process, rather than on documentation itself, and that AD or
POLST should be considered as both the vehicle and product
of the discussion. Accordingly, there is no doubt that EOL
discussion is critical to ensure better quality of life for the last
months and days of the patient. Again, it is indispensable for
healthcare professionals not only to have medical expertise,
but also to communicate effectively by considering the
patients’ and their family members’ psychological needs.
Thus, the importance of knowledge and communication
skills is obvious and cannot be emphasized enough to facilitate EOL discussions. Education and training for each target
group, such as oncologists or resident physicians, need to be
developed in the two dimensions of knowledge and communication, and social marketing would also be required to
improve the stakeholder engagement.
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In conclusion, this study revealed various perspectives of
oncologists and resident physicians about EOL discussion in
terms of the definition of terminal stage, clinical experience
of EOL discussion, and opinions for better EOL discussion.
The study respondents considered that knowledge of the
medical, legal, and ethical aspects and communicational
preparation were essential to deal with awkward situations
of EOL care discussion process. The present study suggests

that efforts should be made to educate and train healthcare
providers who are engaged in EOL discussion, considering
that the LST Decision Act will soon be implemented.
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