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Incidence and Survival of Childhood Cancer in Korea

Purpose
An epidemiologic study of childhood cancer would provide useful information on cancer
etiology and development of management guidelines.
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Materials and Methods
Data from the Korea National Cancer Incidence Database were used to examine the incidence and survival of cancer in patients aged 0-14 years. Patients were grouped according
to the International Classification of Childhood Cancer, 3rd edition. Age-specific and agestandardized incidences per million and estimated annual percentage change (APC) were
calculated by sex and age. Five-year relative survival was calculated for four periods from
1993 to 2011.
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Results
The study comprised 15,113 patients with malignant neoplasms. Age-standardized incidence rates for all cancers were 134.9 per million children in 1999-2011 and 144.0 and
124.9 per million for males and females, respectively (M/F ratio, 1.2; p < 0.05). The highest
incidences were observed for ‘leukemias, myeloproliferative diseases, and myelodysplastic
diseases’ (group I) (46.4), ‘central nervous system neoplasms’ (group III) (18.3), and ‘lymphomas and reticuloendothelial neoplasms’ (group II) (13.4). Age-standardized incidence
increased from 117.9 in 1999 to 155.3 in 2011, with an APC of 2.4% (95% confidence
interval, 2.1 to 2.7). There was a significant increase of APC in ‘neuroblastoma and other
peripheral nervous cell tumors’ (group IV) (5.6%) and ‘other malignant epithelial neoplasms
and malignant melanomas’ (group XI) (5.6%). The 5-year relative survival rate for all childhood cancers improved significantly from 56.2% (1993-1995) to 78.2% (2007-2011)
(males, 56.7% to 77.7%; females, 55.5% to 78.8%).
Conclusion
This study provides reliable information on incidence and survival trends for childhood cancer in Korea.

Introduction
The incidence of cancer in children younger than 15 years
of age varies among countries worldwide. Despite dramatic

│ http://www.e-crt.org │

Key words
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improvements in therapeutics and early detection, cancer
remains the second most common cause of childhood death
in developed countries [1]. In some developed countries,
such as Australia, Ireland, Switzerland, and the United
States, childhood cancer incidence rates of 140-160 per mil-

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

869

Cancer Res Treat. 2016;48(3):869-882

lion children have been reported [2-4]. According to a
GLOBOCAN estimation of cancer rates in 2012, leukemia
was the most common childhood malignancy worldwide,
followed by malignancies of the brain and nervous system,
non-Hodgkin lymphomas, renal tumors, and Hodgkin lymphomas. However, the rank and outcome of the most common cancer types varied among countries.
Cancer is also the second leading cause of childhood death
in Korea. However, an epidemiologic study of cancer in children aged 0-14 years has never been conducted. We conducted the first nationwide study describing the incidence
and survival of all childhood cancers in Korea.

Materials and Methods
1. Data sources
This study was approved by the Institutional Review
Board (NCC 2015-0069). Data on childhood cancer incidence
and survival in Korea were obtained from the Korea
National Cancer Incidence database in the Korea Central
Cancer Registry (KCCR).
The KCCR was initiated by the Korean Ministry of Health
and Welfare in 1980 and collected cancer cases from more
than 180 hospitals in Korea annually until 1998. These data
represent 80%-90% of cancer incidence in Korea and have
been collected on the entire Korean population since 1999
through a population-based cancer registry program [5].
The KCCR collects data on variables including age, sex,
first diagnosis date, primary tumor site, morphology,
method of diagnosis, and stage at diagnosis. KCCR statistics
from 1999-2002 and 2003-2007 have been published in Cancer
Incidence in Five Continents volumes IX and X (http://ci5.iarc.
fr/Default.aspx), in which the completeness and validity of
the incidence data were assessed.
The incidence rates of cancer in children aged 0-14 years
who were diagnosed in 1999-2011 were calculated. For estimation of cancer survival, data on childhood cancer in 19932011 were obtained from the KCCR, and patients’ vital status
was followed up until December 31, 2012.

for Oncology, 3rd edition (ICD-O-3). The ICCC scheme,
which is based on cancer topography and morphology, was
specifically established for classification of tumors in children.
3. Statistical methods
1) Incidence
Frequencies, percent distribution, crude incidence rates
and annual percent change (APC) were computed by sex and
age group (< 1 year, 1-4 years, 5-9 years, and 10-14 years).
Age-standardized incidence rates (ASRs) in males and
females were estimated by the direct method using world
standard population defined by the World Health Organization for age groups 0-14 years. The male/female ratio of the
ASRs was also calculated. Cancer incidence trends were
based on the APC, which was estimated using the following
formula: 100!(e!–1), where ! is the slope calculated from a
linear regression of log ASRs in a calendar year (http://
seer.cancer.gov/csr/1975_2010/).
2) Survival
The 5-year survival rate for each diagnostic group was
analyzed based on relative survival for the following time
periods: 1993-1995, 1996-2000, 2001-2005, 2006-2010, and
2007-2011. These time periods were chosen to enable direct
comparison with earlier studies [10,11]. The relative survival
rates for each diagnostic group were calculated by dividing
the observed survival by expected survival among comparable groups in the general population according to the
Ederer II method. The survival rates were calculated by
“complete analysis,” which included “right-censored”
patients. This analysis provided more up-to-date and precise
survival rates in long-term survival, due to inclusion of the
early survival experience of more recently recruited patients
[12].
Trends in 5-year relative survival rates by time period were
assessed using a relative excess risk model [13]. Statistical
analyses were performed using SAS ver. 9.2 (SAS Institute
Inc., Cary, NC).

2. Case definition
To enable comparison with several previous studies of
childhood cancer, the age group in this study was 0-14 years
old [6-8]. Diagnoses were grouped into 12 main diagnostic
groups and 47 subgroups according to the International Classification of Childhood Cancer, 3rd edition (ICCC-3) [9],
which is based on the International Classification of Disease
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Results
1. Incidence
A total of 15,113 cancer patients aged 0-14 years were
diagnosed in 1999-2011, and the average annual incidence
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Fig. 1. (Continued from the previous page)

was 1,163 cases; 8,435 patients (55.8%) were males, and 6,678
(44.2%) were females. The age distribution was as follows:
< 1 year, 1,740 (11.5%); 1-4 years, 4,694 (31.1%); 5-9 years,
3,814 (25.2%); and 10-14 years, 4,865 (32.2%). The most common cancer was ‘leukemias, myeloproliferative diseases, and
myelodysplastic diseases’ (group I), which accounted for
34.2% of all cancers in both sexes (males, 35.5%; females,
32.7%); ‘lymphoid leukemia’ (group I.a) represented almost
one third of this group. ‘Leukemias, myeloproliferative diseases, and myelodysplastic diseases’ (group I), ‘central nervous system (CNS) neoplasms’ (group III), and ‘lymphomas
and reticuloendothelial neoplasms’ (group II) accounted for
more than half of all childhood cancer cases (Fig. 1).
Between 1999 and 2011, the age-standardized incidence
rate of all cancers was 144.0 and 124.9 per million for males
and females, respectively. Higher cancer incidence was
observed in males (male/female ratio, 1.2; p < 0.05). The
higher rate among males was due to a substantially higher
incidence of ‘lymphomas and reticuloendothelial neoplasms’
(group II) (male, 16.9 per million; female, 9.6 per million).
The highest incidence rate was observed in children < 1 year
old (277.3 per million), followed by those aged 1-4 years
(164.9 per million), 10-14 years (111.7 per million), and 5-9
years (92.8 per million) (Table 1). The higher rate among children < 1 year old was largely due to a substantially higher
incidence rate of ‘leukemias, myeloproliferative diseases, and
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myelodysplastic diseases’ (group I) (63.7 per million), ‘neuroblastoma and other peripheral nervous cell tumors’ (group
IV) (55.6 per million) and CNS neoplasms (group III) (26.1
per million).
Incidence trends showed a significant increase between
1999 and 2011 (APC: 2.4% per year in both sexes; 2.3% per
year in males; 2.6% per year in females) (Fig. 2). The incidence of most cancer types showed an increasing trend, with
the exception of ‘other and unspecified malignant neoplasms’ (group XII) (APC, –7.4%; 95% confidence interval
[CI], –12.2 to –2.3). There was a significant increase of APC
in ‘neuroblastoma and other peripheral nervous cell tumors’
(group IV, 5.6%) and ‘other malignant epithelial neoplasms
and malignant melanomas’ (group XI, 5.6%). However, in
assessment by diagnostic group, the incidence of different
cancer types varied between males and females. Among
males, the highest increase in incidence was observed for
‘other malignant epithelial neoplasms and malignant
melanomas’ (group XI) (APC, 6.1%; 95% CI, 1.1 to 11.3), followed by ‘lymphomas and reticuloendothelial neoplasms’
(group II) (APC, 4.8%; 95% CI, 2.4 to 7.2) and ‘neuroblastoma
and other peripheral nervous cell tumors’ (group IV) (APC,
4.3%; 95% CI, 1.5 to 7.2). Among females, the highest increase
in incidence was observed for ‘neuroblastoma and other
peripheral nervous cell tumors’ (group IV) (APC, 7%; 95%
CI, 4.9 to 9.3), followed by ‘other malignant epithelial neo-

5
16

85
565

6.9
55.6

0.8

103
88
230
48
12

3.5
3.8
9.1
1.8
1.1

562
3
255
282
261

78
125
36
566

0.2
8.8
1.6
26.1

55.6
22.5
20.1
19.3

116
369
12
118

10.2
12.9
2.4

0.2
0.6

19.7
0.1
9.0
9.9
9.2

3.0
19.8

3.6
3.1
8.1
1.7
0.4

2.7
4.4
1.3
19.9

4.1
13.0
0.4
4.1

46.3
11.6
1.0
2.4

1,319
330
29
67

23.1
18.5
3.3
8.6

CR

4,694 164.9
1,861 65.4

Cases

CR
277.3
63.7

1-4 yr

Cases

0 yr

All cancers
1,740
I. Leukemias, myeloproliferative diseases,
400
and myelodysplastic diseases
a. Lymphoid leukemias
145
b. Acute myeloid leukemias
116
c. Chronic myeloproliferative diseases
21
d. Myelodysplastic syndrome and
54
other myeloproliferative diseases
e. Unspecified and other specified leukemias
64
II. Lymphomas and reticuloendothelial neoplasms
81
a. Hodgkin disease
b. Non-Hodgkin lymphomas
15
(except Burkitt lymphoma)
c. Burkitt lymphoma
1
d. Miscellaneous lymphoreticular neoplasms
55
e. Unspecified lymphomas
10
III. CNS and miscellaneous intracranial and
164
intraspinal neoplasms
a. Ependymomas and choroid plexus tumors
22
b. Astrocytomas
24
c. Intracranial and intraspinal embryonal tumors
57
d. Other gliomas
11
e. Other specified intracranial and
7
intraspinal neoplasms
f. Unspecified intracranial and intraspinal neoplasms 43
IV. Neuroblastoma and other peripheral
349
nervous cell tumors
a. Neuroblastoma and ganglioneuroblastoma
349
b. Other peripheral nervous cell tumors
V. Retinoblastoma
141
VI. Renal tumors
126
a. Nephroblastoma and other nonepithelial
121
renal tumors
b. Renal carcinomas
c. Unspecified malignant renal tumors
5

Diagnostic group (ICCC-3)

9
2

117
4
15
90
79

146
121

61
142
266
110
11

104
57
44
736

94
498
38
255

929
349
62
57

3,814
1,491

Cases

0.2
0.0

2.8
0.1
0.4
2.2
1.9

3.6
2.9

1.5
3.5
6.5
2.7
0.3

2.5
1.4
1.1
17.9

2.3
12.1
0.9
6.2

22.6
8.5
1.5
1.4

92.8
36.3

CR

5-9 yr

15
1

28
6
27
11

139
34

31
184
191
97
13

95
45
58
655

96
673
105
370

734
454
93
47

4,865
1,424

Cases

CR

0-14 yr

0.3
0.0

0.6
0.1
0.6
0.3

3.2
0.8

0.7
4.2
4.4
2.2
0.3

2.2
1.0
1.3
15.0

2.2
15.5
2.4
8.5

16.9
10.4
2.1
1.1

29
24

1,056
13
411
525
472

413
1,069

217
438
744
266
43

278
282
148
2,121

370
1,621
155
758

3,127
1,249
205
225

0.2
0.2

8.8
0.1
3.4
4.4
4.0

3.5
9.0

1.8
3.7
6.2
2.2
0.4

2.3
2.4
1.2
17.8

3.1
13.6
1.3
6.3

26.2
10.5
1.7
1.9

111.7 15,113 126.6
32.7 5,176 43.4

CR

10-14 yr
Cases

Total
ASR

0.2
0.3

11.5
0.1
4.6
5.5
5.0

3.5
11.6

2.1
3.6
6.6
2.2
0.4

2.3
2.8
1.2
18.3

3.4
13.4
1.1
5.9

28.3
10.8
1.7
2.2

134.9
46.4

0.2
0.3

11.7
0.1
4.8
5.4
4.8

3.8
11.8

2.1
3.7
7.5
2.1
0.4

3.6
3.0
1.6
19.7

3.3
16.9
1.4
7.2

31.0
11.7
2.1
2.8

144.0
50.9

ASR

0.2
0.2

11.4
0.1
4.4
5.7
5.2

3.2
11.4

2.0
3.5
5.5
2.2
0.4

0.9
2.5
0.8
16.8

3.5
9.6
0.8
4.5

25.4
9.8
1.3
1.5

124.9
41.4

ASR

Male Female

1.1
1.5*

1.0
2.0*
1.1*
0.9
0.9

1.2*
1.0

1.0
1.1
1.4*
1.0
1.2

4.0*
1.2*
1.9*
1.2*

0.9
1.8*
1.8*
1.6*

1.2*
1.2*
1.6
1.9*

1.2*
1.2*

M/F ratioa)

Table 1. Number of cases, crude incidence rates, and age-standardized rates (ASR) per million of childhood cancers in Korea for the period 1999-2011
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9
43
142
2
4
27
8
1

1.8
16.4
9.4
0.2
0.6
0.8
0.3
0.3
0.2
14.0
0.5
13.5

0.3
0.0
0.3
0.1
0.2
4.7
0.9
3.8

5.0
0.1
0.1
0.9

0.3
1.5

1.4
0.6
7.0

5.1
4.0
0.6
0.5
2.5
0.7
1.1
0.2
0.5
7.8
5.3
0.5

CR

5
45
5
11
11
44
59
8
51

104
1
4
121

111
7

59
17
227

45
23
20
2
219
144
1
49
9
16
192
101
15

Cases

0.1
1.1
0.1
0.3
0.3
1.1
1.4
0.2
1.2

2.5
0.0
0.1
2.9

2.7
0.2

1.4
0.4
5.5

1.1
0.6
0.5
0.0
5.3
3.5
0.0
1.2
0.2
0.4
4.7
2.5
0.4

CR

5-9 yr

1
242
35
17
16
168
66
9
57

220
21
16
479

273
17

160
37
547

45
7
37
1
595
443
24
81
18
29
320
85
38

0.0
5.6
0.8
0.4
0.4
3.9
1.5
0.2
1.3

5.1
0.5
0.4
11.0

6.3
0.4

3.7
0.8
12.6

1.0
0.2
0.8
0.0
13.7
10.2
0.6
1.9
0.4
0.7
7.3
2.0
0.9

CR

10-14 yr
Cases

Total

16
288
40
39
31
218
346
45
301

525
25
28
632

404
170

284
77
1,152

333
234
77
22
898
607
25
169
34
63
829
379
89

Cases

0.1
2.4
0.3
0.3
0.3
1.8
2.9
0.4
2.5

4.4
0.2
0.2
5.3

3.4
1.4

2.4
0.6
9.6

2.8
2.0
0.6
0.2
7.5
5.1
0.2
1.4
0.3
0.5
6.9
3.2
0.7

CR

0-14 yr

0.2
2.0
0.3
0.3
0.2
1.5
3.4
0.4
3.0

4.6
0.2
0.2
4.5

2.9
1.9

2.3
0.6
9.8

3.4
2.6
0.6
0.2
6.6
4.3
0.2
1.4
0.3
0.5
7.2
3.5
0.8

ASR

0.0
0.8
0.4
0.2
0.2
1.4
3.6
0.3
3.3

4.3
0.1
0.2
3.1

3.9
1.4

2.3
0.7
9.7

3.6
2.8
0.6
0.2
6.7
4.4
0.2
1.3
0.2
0.5
7.9
3.9
0.9

ASR

0.3
3.3
0.1
0.4
0.2
1.7
3.2
0.5
2.7

4.9
0.3
0.3
6.1

1.9
2.5

2.2
0.6
9.9

3.3
2.3
0.6
0.3
6.5
4.2
0.2
1.4
0.3
0.5
6.5
3.1
0.7

ASR

Male Female

0.1
0.2
4.1*
0.6
0.9
0.8
1.1*
0.6
1.2*

0.9
0.2
0.8
0.5

2.0*
0.5

1.1
1.2*
1.0

1.1*
1.2*
1.0
0.6
1.0
1.1*
1.1
0.9
0.7
1.1
1.2*
1.2*
1.4*

M/F ratioa)

ICCC-3, International Classification of Childhood Cancer, 3rd edition; CR, crude incidence rate (per million), ASR, age standardized incidence rate (per million).
*p < 0.05. a)M/F ratio=male ASR/female ASR.

9
4
5
133
25
108

-

41
16
200

3.8
1.1
28.4

Cases
144
114
17
13
71
20
30
6
15
221
151
13

CR

1-4 yr

15.8
14.3
0.5
1.0
2.1
1.4
0.2
0.5
15.3
6.7
3.7

0 yr
Cases

VII. Hepatic tumors
99
a. Hepatoblastoma
90
b. Hepatic carcinomas
3
c. Unspecified malignant hepatic tumors
6
VIII. Malignant bone tumors
13
a. Osteosarcomas
b. Chondrosarcomas
c. Ewing tumors and related sarcomas of bone
9
d. Other specified malignant bone tumors
1
e. Unspecified malignant bone tumors
3
IX. Soft tissue and other extraosseous sarcomas
96
a. Rhabdomyosarcomas
42
b. Fibrosarcomas, peripheral nerve sheath tumors 23
and other fibrous neoplasms
c. Kaposi sarcoma
d. Other specified soft tissue sarcomas
24
e. Unspecified soft tissue sarcomas
7
X. Germ cell tumors, trophoblastic tumors,
178
and neoplasms of gonads
a. Intracranial and intraspinal germ cell tumors
11
b. Malignant extracranial and
103
extragonadal germ cell tumors
c. Malignant gonadal germ cell tumors
59
d. Gonadal carcinomas
1
e. Other and unspecified malignant gonadal tumors
4
XI. Other malignant epithelial neoplasms and
5
malignant melanomas
a. Adrenocortical carcinomas
2
b. Thyroid carcinomas
c. Nasopharyngeal carcinomas
d. Malignant melanomas
2
e. Skin carcinomas
f. Other and unspecified carcinomas
1
XII. Other and unspecified malignant neoplasms
88
a. Other specified malignant tumors
3
b. Other unspecified malignant tumors
85

Diagnostic group (ICCC-3)

Table 1. Continued
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Annual percent change

8
7

Male
Female

6

*p < 0.05
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7.0
*
6.1
*
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*
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*
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*
3.7
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*
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4.0
*
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3.2
*
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*
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Fig. 2. Annual percent change of cancer incidence by diagnostic groups in children (0-14 years of age) in Korea, 1999-2011. MPD,
myeloproliferative diseases; MDD, myelodysplastic diseases; CNS, central nervous system. *p < 0.05.

plasms and malignant melanomas’ (group XI) (APC, 5%;
95% CI, –0.1 to 10.5) and ‘soft tissue and other extraosseous
sarcomas’ (group IX) (APC, 4.3%; 95% CI, 1.1 to 7.6) (Fig. 2).
2. Survival
The survival analysis comprised 20,523 children diagnosed
with cancer in 1993-2011 (males, 11,644; females, 8,879).
Table 2 shows the 5-year relative survival rates and the number of cases in each of the five time periods (1993-1995, 19962000, 2001-2005, 2006-2010, and 2007-2011). In analysis by
12 main diagnostic group, ‘leukemias, myeloproliferative
diseases, and myelodysplastic diseases’ (group I) and ‘neuroblastoma and other peripheral nervous cell tumors’ (group
IV) showed the most marked improvements in survival,
from 47.4% and 43.2% in 1993-1995 to 75.4% and 73.9%
in 2007-2011, respectively. Survival rates for ‘retinoblastoma’
(group V) and ‘other malignant epithelial neoplasms and
malignant melanomas’ (group XI) consistently exceeded
80%-90% for all periods measured. The lowest improvement
in survival rate was observed for ‘CNS neoplasms’

(group III).
For all childhood cancers, the 5-year relative survival rate
increased significantly, from 56.2% in 1993-1995 to 78.2%
in 2007-2011 (p < 0.05), with significant improvements in
both males (from 56.7% in 1993-1995 to 77.7% in 2007-2011;
p < 0.05) and females (from 55.5% in 1993-1995 to 78.8% in
2007-2011) (p < 0.05) and for all age groups tested (Fig. 3).
The improvement in the 5-year relative survival rate was
slightly higher for females (23.3%) compared with males
(21.0%). Among males, 5-year relative survival improved
from 60.6% in 1993-1995 to 76.4% in 2007-2011 in children
aged < 1 year, from 54.9% to 82.9% in children aged 1-4 years,
from 52.0% to 77.0% in children aged 5-9 years, and from
54.0% to 75.4% in children aged 10-14 years. Among females,
5-year relative survival improved from 48.6% in 1993-1995
to 73.5% in 2007-2011 in children aged < 1 year, from 53.1%
to 77.6% in children aged 1-4 years, from 55.0% to 76.6% in
children aged 5-9 years, and from 56.1% to 80.3% in children
aged 10-14 years (Fig. 3).
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All cancers
I. Leukemias, myeloproliferative diseases, and myelodysplastic diseases
a. Lymphoid leukemias
b. Acute myeloid leukemias
c. Chronic myeloproliferative diseases
d. Myelodysplastic syndrome and other myeloproliferative diseases
e. Unspecified and other specified leukemias
II. Lymphomas and reticuloendothelial neoplasms
a. Hodgkin disease
b. Non-Hodgkin lymphomas (except Burkitt lymphoma)
c. Burkitt lymphoma
d. Miscellaneous lymphoreticular neoplasms
e. Unspecified lymphomas
III. CNS and miscellaneous intracranial and intraspinal neoplasms
a. Ependymomas and choroid plexus tumors
b. Astrocytomas
c. Intracranial and intraspinal embryonal tumors
d. Other gliomas
e. Other specified intracranial and intraspinal neoplasms
f. Unspecified intracranial and intraspinal neoplasms
IV. Neuroblastoma and other peripheral nervous cell tumors
a. Neuroblastoma and ganglioneuroblastoma
b. Other peripheral nervous cell tumors
V. Retinoblastoma
VI. Renal tumors
a. Nephroblastoma and other nonepithelial renal tumors
b. Renal carcinomas
c. Unspecified malignant renal tumors
VII. Hepatic tumors
a. Hepatoblastoma
b. Hepatic carcinomas
c. Unspecified malignant hepatic tumors

Diagnostic group (ICCC-3)
2,921 56.2
1,076 47.4
665 57.3
250 26.5
38 34.3
6 100.4
117 37.7
252 64.1
26 84.8
107 58.1
18 72.4
28 46.6
73 70
443 48.7
27 55.7
104 54.9
128 49.4
41 68.5
6 33.5
137 36.6
151 43.2
145 43.6
6 33.4
103 90.7
112 78.1
88 83.4
5 40.1
19 63.5
60 48.5
26 65.8
19 36.9
15 33.5

Cases RSR

1993-1995
a)

5,441
1,944
1192
504
81
24
143
495
37
246
71
59
82
775
83
179
251
73
19
170
373
361
12
173
225
193
9
23
145
79
42
24

64.1
58.4
67.7
41.8
47
66.8
44.1
71.9
94.7
69.6
77.6
69.7
64.8
46.7
58
48.7
55.1
46.7
26.4
28.9
54.9
54.2
75.2
88.8
78.5
80.6
66.8
65.5
59.5
72.5
35.8
58.6

Cases RSR

1996-2000
a)

5,563 72.3
1,999 68.2
1215 77
494 50.9
66 66.7
99 62.8
125 56.9
606 82.9
60 95.1
286 78.4
100 86.1
89 91.2
71 76.2
798 54.7
80 66.3
159 56.7
302 57.4
88 45.5
12 50.1
157 47.2
354 70.3
351 70
3 100.1
185 95.4
192 86.1
180 86.9
8 75.1
4 75.1
117 66.8
87 76.1
24 33.4
6 66.8

Cases RSR

2001-2005

Total
a)

2006-2010
5,496 77.2
1,875 74.9
1,164 80.6
424 58.9
84 88.5
85 75.3
118 66.4
624 83.5
62 93.4
310 74.9
121 86
107 98.3
24 91.8
759 57.3
81 66.6
151 53.6
275 60.9
134 43.9
17 53
101 64.3
364 71.5
359 71.7
5 57.2
136 97.3
193 91.8
178 92.2
10 100.1
5 60.1
110 71.2
86 77.7
20 43.4
4 75.1

Cases RSR

Table 2. Five-year relative survival rates for childhood cancer in Korea in 1993-2011 according to ICCC-3 diagnostic groups

a)

5,481 78.2
1,883 75.4
1,156 81
435 59.7
88 86.1
98 75.6
106 69.1
642 86.6
61 95.1
300 78.8
120 87.4
140 99.4
21 90.6
734 59
78 70.2
157 51.1
278 60.4
119 49.7
15 66.1
87 69.9
360 73.9
354 73.9
6 71.5
137 95.5
184 94.1
170 93.6
11 100.1
3 100.1
117 69.5
93 76.1
20 38.9
4 75.1

Cases RSR

2007-2011
a)

22.0*
28.0*
23.7*
33.2*
51.8
–24.8
31.4*
22.5*
10.3
20.7*
15.0
52.8*
20.6
10.3*
14.5
–3.8
11.0
–18.8*
32.6
33.3*
30.7*
30.3*
38.1
4.8*
16.0*
10.2*
60.0*
36.6
21.0*
10.3
2.0
41.6

Change*
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184
57.2
132
55.4
4
75.2
16
50.1
4
75.2
28
64.4
146 57
70
48.7
15
66.9
49
69.6
12
41.8
196 79.4
44
68.3
31
55.2
97
90.1
8
75.2
16
94.2
91 87
2
50.1
37 100.2
10 100.3
7
85.9
2 100.2
33
69.9
107 52.6
6
16.7
101
54.7

Cases RSR

1993-1995
a)

292
205
9
49
6
23
243
129
20
2
64
28
433
104
73
228
12
16
214
4
90
8
10
12
90
129
15
114

65.8
64.9
66.8
67.4
66.8
69.7
68.5
62.2
85.2
50.1
73.6
75.2
88.3
75.2
85.4
95
83.5
93.9
83.8
50.2
96.8
75.1
70.2
91.8
73.4
73.1
53.4
75.7

Cases RSR

1996-2000
a)

322
222
8
58
13
21
292
139
37
92
24
408
138
49
201
8
12
177
6
77
8
7
6
73
113
17
96

68.1
68.5
75.1
53.5
100.1
81
72.7
64.9
75.9
78.3
91.8
92.8
84.2
96.4
97.7
87.7
100.2
84.8
66.8
100.1
62.6
71.5
100.1
72.7
79
82.5
78.4

Cases RSR

2001-2005

Total
a)

353
75.3
249
78.6
12
91.8
59
56.1
13
66.4
20
90.1
277 78.2
115
75.6
32
84.2
102
82.5
28
65.8
454 93.8
174
89
62
95.4
200
98
9
77.8
9 100.1
284 94.8
8
71.7
134 100.1
21
88.5
22
86.5
10 100.1
89
92
67 83.9
11
72.8
56
86.3

Cases RSR

2006-2010
a)

339 77.4
241 81.5
12 91
57 58.5
10 55.2
19 89.6
281 77.2
115 78.8
31 79.4
106 79.3
29 60.8
452 94.6
160 89.9
70 97.4
206 98.5
10 69.4
6 100.1
290 93.8
6 77.9
148 100.1
21 85.4
23 91.1
12 100.1
80 86.2
62 80.4
13 77
49 82.1

Cases RSR

2007-2011

ICCC-3, International Classification of Childhood Cancer, 3rd edition; CNS, central nervous system. *p < 0.05 for trend. a)Relative survival rate (%).

VIII. Malignant bone tumors
a. Osteosarcomas
b. Chondrosarcomas
c. Ewing tumors and related sarcomas of bone
d. Other specified malignant bone tumors
e. Unspecified malignant bone tumors
IX. Soft tissue and other extraosseous sarcomas
a. Rhabdomyosarcomas
b. Fibrosarcomas, peripheral nerve sheath tumors, and other fibrous neoplasms
c. Kaposi sarcoma
d. Other specified soft tissue sarcomas
e. Unspecified soft tissue sarcomas
X. Germ cell tumors, trophoblastic tumors, and neoplasms of gonads
a. Intracranial and intraspinal germ cell tumors
b. Malignant extracranial and extragonadal germ cell tumors
c. Malignant gonadal germ cell tumors
d. Gonadal carcinomas
e. Other and unspecified malignant gonadal tumors
XI. Other malignant epithelial neoplasms and malignant melanomas
a. Adrenocortical carcinomas
b. Thyroid carcinomas
c. Nasopharyngeal carcinomas
d. Malignant melanomas
e. Skin carcinomas
f. Other and unspecified carcinomas
XII. Other and unspecified malignant neoplasms
a. Other specified malignant tumors
b. Other unspecified malignant tumors

Diagnostic group (ICCC-3)

Table 2. Continued

a)

20.2*
26.1*
15.8
8.4
–20.0
25.2
20.2*
30.1*
12.5
9.7
19.0
15.2*
21.6*
42.2*
8.4*
–5.8
5.9
6.8*
27.8
–0.1
–14.9
5.2
–0.1
16.3
27.8*
60.3*
27.4*

Change*
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Fig. 3. Trends in relative survival rate (RSR) of childhood cancer in Korea according to age and the time period, 1993-2011. (A) Both
sexes. (Continued to the next page)

Discussion
Epidemiologic studies of childhood cancer can provide
useful information. By understanding the age distribution of
cancer, we can identify the likely period of initiation of various tumors, which can provide insights regarding their etiology. For example, childhood cancer incidence rate is the
highest in infancy when embryonal neoplasms such as neuroblastoma predominate, indicating that many childhood
cancers result from aberrations in early developmental
processes [14]. Further, as children may be more vulnerable
to environmental exposures because their organs are developing rapidly. The studies of childhood cancer etiology will
provide useful information in terms of evaluating the risks
and causal roles of environmental factors. In addition, survival data are useful in the development of surveillance pro-
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grams for childhood cancer survivors, and survival trends
can be used to evaluate progress in relation to treatment.
However, there have been few nationwide epidemiological
reports on childhood cancer providing reliable data over an
extended period, particularly for Asian countries.
The KCCR is a national, population-based registry in
South Korea. Annual incidence, survival, and prevalence
rates of all cancers in Korea have been reported by the KCCR.
In addition, a recent study provided epidemiological data on
cancer in adolescents and young adults in Korea [11]. However, our study is the first to report cancer statistics for children younger than 15 years old in South Korea.
In comparison with other countries, our study found that
the overall incidence of childhood cancer in South Korea was
higher than that in other Asian countries such as China [15]
and Thailand [16]. However, the incidence was lower than
in countries in North America [2,7] and Europe [17]. The rea-
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Fig. 3. (Continued from the previous page) (B) Male. (Continued to the next page)

son for this worldwide variability in childhood cancer incidence is unclear. In general, low- and middle-income countries have lower rates of childhood cancer than developed
countries, which can be explained in part by underdiagnosis and under-reporting in these countries [18]. In the
United States, childhood cancer incidence differs between
racial and ethnic groups; in 2006-2010, the incidence rate was
lowest in an American Indian/native Alaskan group (111.7
per million) and highest in a non-Hispanic White group
(178.2 per million) [19]. These racial/ethnic differences may
be attributable to differences in genetic predisposition as well
as environmental exposure [20].
In our study, the proportions of childhood cancer subtypes
differed between age groups. In infants (aged < 1 year), the
most frequent cancer was neuroblastoma/ganglioneuroblastoma, followed by lymphoid leukemia. In children older than
1 year of age, lymphoid leukemia was the most common can-

cer.
The incidence rate of lymphoid leukemias was 28.3 per
million in our study; in other countries, this ranged from 28
per million [17] to 40.8 per million [4]. In our study, incidence
peaked around 3 years of age in both sexes (males, 55.7 per
million; females, 60.4 per million). Similar peaks were also
observed in data from white populations in the UK and
United States in the early 20th century [21] and in recent
studies conducted in Argentina [6]. The incidence of certain
types of cancer is disproportionately high in some areas compared with overall incidence. For example, in sub-Saharan
Africa, Burkitt lymphoma accounts for 25%-50% of all new
childhood cancers, which can be explained by endemic
Epstein-Barr virus [22].
In South Korea, incidence of childhood cancer increased
by 2.4% annually from 1999 to 2011. It is possible that
improvements in diagnostic technologies are leading to
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Fig. 3. (Continued from the previous page) (C) Female.

increased detection rates and thus increased incidence rates.
Another possible reason for this increase is easy accessibility
to hospital and treatment. Early studies in developed countries, based on data from the mid- to late-1970s, show increasing trends in incidence of childhood cancer [23,24]; however,
more recent data from the United States (1992-2004) [2], Australia (1983-2006) [4], and Canada (1992-2006) [7] show a
plateau in childhood cancer incidence.
In this study, the incidence of most cancer subtypes
showed an increasing trend; however, the incidence of ‘other
and unspecified malignant neoplasms’ decreased annually
(APC, –7.4%). This can be explained in part by improvements
in diagnostic methods and in the quality of characterization,
leading to more specific diagnoses. In the study of cancer
incidence in Korean adolescents and young adults (aged
15-29 years), cancer incidence also increased over time, and
the rate of increment was steeper (APC, 6.3%) [11].
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In this study, the overall 5-year cancer survival rate was
78.2% for 2007-2011. This rate is lower than that of developed
countries such as Italy [25] and the United States [19], but
higher compared with developing countries in Asia such as
China [15] and Thailand [16] (although the time periods are
slightly different between these studies). These disparities
may be caused by multiple factors, with a country’s economic status being one contributor. In countries with a high
economic status, children are more likely to have access to
health insurance and to receive a timely diagnosis and high
quality treatment and supportive care, and parents are more
likely to have a high level of disease knowledge and adherence to therapy, all of which contribute to improved childhood cancer survival rates [20].
The current survival rate in South Korea is similar to that
of the United States from 1995 to 1999 [23] and of Britain from
1998 to 2005 [8]. In the United States, the 5-year survival rate

Hyeon Jin Park, Childhood Cancer in Korea

increased from 79.3% in 1995-1999 to 83.1% in 2004-2010
[19,23]. This implies that improvements in the survival rate
are possible in South Korea, and efforts should be made to
achieve this.
In this study, survival rates varied between cancer subtype, increasing steadily from 1993-2011 for lymphoid leukemias and neuroblastoma, but with little change since 2005
for CNS tumors, soft tissue sarcoma, or osteosarcoma. Efforts
to improve survival should be continued, especially for cancers with low survival rates such as CNS tumors.
In this study, it was not possible to describe long-term
trends for incidence and survival due to the relatively short
existence of the official population-based cancer registry in
Korea. Another limitation is that information on cancer stage
or treatment was not included.
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Conclusion
This study provides reliable information on incidence and
survival trends for childhood cancers, providing a more comprehensive understanding of these cancers. The results from
this study will be useful for professionals related with childhood cancer in the development of optimized healthcare
services for childhood cancer patients and survivors.
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Responses to Overdiagnosis in Thyroid Cancer Screening among
Korean Women

Purpose
Communicating the harms and benefits of thyroid screening is necessary to help individuals
decide on whether or not to undergo thyroid cancer screening. This study was conducted to
assess changes in thyroid cancer screening intention in response to receiving information
about overdiagnosis and to determine factors with the greatest influence thereon.
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Materials and Methods
Data were acquired from subjects included in the 2013 Korean National Cancer Screening
Survey (KNCSS), a nationwide, population-based, cross-sectional survey. Of the 4,100
respondents in the 2013 KNCSS, women were randomly subsampled and an additional
face-to-face interview was conducted. Finally, a total of 586 female subjects were included
in this study. Intention to undergo thyroid cancer screening was assessed before and after
receiving information on overdiagnosis.
Results
Prior awareness of overdiagnosis in thyroid cancer screening was 27.8%. The majority of
subjects intended to undergo thyroid cancer screening before and after receiving information on overdiagnosis (87% and 74%, respectively). Only a small number of subjects
changed their intention to undergo thyroid cancer screening from positive to negative after
receiving information on overdiagnosis. Women of higher education level and Medical Aid
Program recipients reported being significantly more likely to change their intention to
undergo thyroid cancer screening after receiving information on overdiagnosis, while women
with stronger beliefs on the efficacy of cancer screening were less likely to change their
intention.
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Conclusion
Women in Korea appeared to be less concerned about overdiagnosis when deciding
whether or not to undergo thyroid cancer screening.

Introduction
The incidence of thyroid cancer in Korea is rapidly increasing. The age-standardized incidence rate of thyroid cancer in
2012 was 62.5 per 100,000 persons (23.0 per 100,000 men and
102.4 per 100,000 women), and was the most common cancer

│ http://www.e-crt.org │
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(sixth most common cancer in men and the most common
cancer in women) among Koreans [1]. The average annual
percentage change in thyroid cancer incidence for 1999-2012
was 22.3% (23.6% in men and 22.1% in women), the most
rapid among all cancers in Korea [1]. Nevertheless, despite
an increase in incidence, mortality rates have remained
nearly constant over the past three decades [2].
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Increases in thyroid cancer incidence have been reported
not only in Korea but also in many other parts of the world.
The rate of thyroid cancer diagnosis has more than doubled
from 4.9 per 100,000 persons in 1975 to 10.6 per 100,000 persons in 2005; meanwhile, thyroid cancer mortality rates in
the United States have remained among the most stable [3].
Although the reasons for the rapid rise in thyroid cancer
diagnosis have yet to be determined, several groups have
argued that the apparent increases in thyroid cancer do not
represent a true increase in disease, but rather the results of
a large reservoir of undiagnosed thyroid cancers combined
with overdiagnosis of small tumors that will never become
clinically significant [4,5].
In Korea, the National Cancer Screening Program (NCSP),
which was implemented in 1999, provides nationwide
screening services free-of-charge or with a small copayment
for gastric, liver, colorectal, breast, and cervical cancers.
Although thyroid cancer screening is not covered under the
NCSP, healthcare providers typically offer ultrasonographic
screening for thyroid cancer as an inexpensive add-on at
around 30 to 50 USD [4]. Nevertheless, the offering of thyroid
cancer screening with ultrasonography as part of routine
health checkups is controversial due to the lack of consensus
among experts and intrinsic difficulties in accurately estimating rates of overdiagnosis [6]. Generating morbidity that
adds to the societal burden of cancer, in terms of medical,
psychological, and economic expense, overdiagnosis and
overtreatment of inconsequential disease are the most serious harms associated with early detection of cancer through
unwarranted screening [3]. An overdiagnosed person is
unlikely to benefit from and may be harmed physically and
emotionally by diagnostic procedures and treatments.
Despite the harms of overdiagnosis, only a few studies
have been conducted to assess the public’s understanding of
overdiagnosis and how information on overdiagnosis might
affect one’s decision to undergo screening. For breast cancer,
information on screening typically emphasizes the benefits
thereof without mentioning overdiagnosis [7-12]. Recent
qualitative studies have found that information on overdiagnosis in breast cancer screening can be difficult for screening-eligible women to understand; in addition, it was often
found by women to be surprising and counterintuitive
[13,14]. Nevertheless, once women are informed of the
harms, their intentions or actual uptake of breast cancer
screening reportedly decrease [15,16]. Thus, informing individuals on the harms of cancer screening has become critically important and necessary [6,7,11,13,14,17,18]. Indeed, the
United Kingdom has since released breast cancer leaflets
describing overdiagnosis as “the main risk of screening” [19].
Optimal strategies for communicating information on
overdiagnosis in thyroid cancer screening might be more
important than breast cancer screening, because it is yet
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unclear whether increased screening for early detection of
thyroid cancer reduces mortality and evidence on the benefits of thyroid cancer screening is limited. Notwithstanding,
among women who had previously undergone cancer
screening, many had no knowledge regarding overdiagnosis
and had little knowledge regarding the harms of overdiagnosis [6,13]. Thus, the aim of this study was to assess changes
in screening intention after learning about overdiagnosis
among women who had prior experiences with cancer
screening and to determine factors with the greatest influence thereon. Intention to undergo thyroid cancer screening
was assessed before and after subjects had received information.

Materials and Methods
1. Study population
Data were acquired from subjects included in the 2013
Korean National Cancer Screening Survey (KNCSS), an
annual cross-sectional survey conducted to examine screening rates among Koreans for five common cancers (gastric,
liver, colorectal, breast, and cervix) through nationally representative random sampling. Men ages 40 to 74 years and
women ages 30 to 74 years were selected based on Resident
of Registration Population data for July 2013 compiled by
Statistics Korea, using multistage random sampling according to sex, age, geographic area, and size of the population
per area. Interviewers from a professional research agency
went door-to-door to recruit residents, and at least three
attempts were made to contact individual residents between
September 26 and October 18, 2013. The 2013 KNCSS
included 4,100 participants (response rate, 69.3%).
From the 4,100 participants in the 2013 KNCSS, 1,816
women who had previously undergone cancer screening
within the past 2 years were selected. An additional faceto-face interview was conducted to examine how women
integrated information on overdiagnosis with their existing
understanding of thyroid cancer screening and how they
might use such information when deciding on screening in
the future. Finally, 586 women who completed the KNCSS
interview and the additional face-to-face interview were
included in this study (32.3%). Descriptive data for the 586
women included in the study and 1,230 women who were
not showed no difference in age, education level, monthly
household income, and type of health insurance. The study
was approved by the Institutional Review Board of National
Cancer Center, Korea, and written informed consent was
obtained from all study participants.
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2. Measures
The main outcome measure was change in intention to
undergo future thyroid screening, which was assessed before
and after subjects had received information on overdiagnosis. Before discussing information on overdiagnosis, we
briefly described thyroid cancer screening as “Ultrasonographic tests can be used to detect thyroid cancer at early
stages in asymptomatic women, the cost of which is around
30 to 50 USD,” and assessed the participants’ intentions to
undergo thyroid cancer screening via a face-to-face interview
and in writing in the form of a questionnaire. Thereafter, we
gave a brief explanation of overdiagnosis, including a statement on the harms of thyroid cancer screening: “Early stage
thyroid cancers detected through screening are usually tiny
papillary thyroid tumors, which are very slow-growing,
highly unlikely to go on to cause symptoms, much less death.
However, thyroid cancer screening could lead to unnecessary thyroidectomy upon diagnosis of thyroid cancer that
may not go on to cause symptoms or death in your lifetime.”
Participants were then asked to respond to this statement to
elucidate changes in their intentions to undergo future thyroid cancer screening. To avoid misunderstanding of overdiagnosis among the interviewees, each word in the
explanation was chosen carefully by experts in light of previous research. No estimated numbers, such as overdiagnosis rates, were used, since these have not yet been definitively
agreed upon. Possible responses included, “I will definitely
undergo screening”; “I will probably undergo screening”;
“I will probably not undergo screening”; and “I definitely
will not undergo screening.” The first two answers were considered as positive intentions to undergo screening, while
the last two answers were considered as reflecting negative
intentions. Changes in intention were coded as a “decrease”
or “no decrease.”
Characteristics of the study population, including age,
household income, insurance coverage, education level, marital status, private cancer insurance, prior awareness of overdiagnosis, thyroid screening history, beliefs on cancer
screening efficacy, and family history of cancer (first-degree
relatives with any cancer) were also assessed. Insurance coverage was categorized as either National Health Insurance
(NHI) or Medical Aid Program (MAP) coverage. Prior
awareness of overdiagnosis was measured with the question,
“Have you ever heard about the possibility for adverse
effects related to overdiagnosis from cancer screening?” and
answers of “yes” or “no.” Thyroid screening history was
restricted to ultrasonography for cancer screening purposes.
To measure beliefs on the efficacy of cancer screening, participants were asked to respond to the question, “How effective do you believe cancer screening is in early cancer
detection?” on a five-point Likert scale, with one being not

effective at all and five being extremely effective. Family history of cancer was limited to that in only blood relatives,
including half-siblings.
3. Statistical analysis
Univariate and multivariate logistic regression analyses
were performed after adjusting for other variables to determine characteristics associated with thyroid cancer screening
intention and change therein after receiving information on
overdiagnosis. Analyses were performed using STATA ver.
13 (StataCorp. L.P., College Station, TX), and p < 0.05 was
considered statistically significant.

Results
The baseline characteristics of the study sample (n=586)
are shown in Table 1. The current survey was conducted in
women ages 30- to 74-year-old who were invited by the
NCSP to undergo cancer screening. Of the 586 respondents,
96% were NHI beneficiaries, 91% were married, 86% were
educated to a high-school level or above, and 84% had private cancer insurance. At baseline, approximately 72% of
subjects had no knowledge regarding overdiagnosis due to
cancer screening, and 11% of subjects had undergone thyroid
cancer screening within the past 2 years. Approximately 84%
of subjects thought that cancer screening is effective for early
cancer detection, and 27% had a family history of cancer.
Prior to learning about overdiagnosis, 509 subjects (86.9%)
reported positive intentions (definitely or probably) for
undergoing thyroid cancer screening. Simple and multivariate logistic regression analysis was performed to examine
predictors of screening intentions before receiving information on overdiagnosis (Table 2). At baseline, subjects with
private cancer insurance were more likely to have higher
intentions to undergo thyroid cancer screening than those
who did not (adjusted odds ratio [aOR], 2.00; 95% confidence
interval [CI], 1.10 to 3.62); none of the other variables were
statistically significant.
After receiving information about overdiagnosis, 434 subjects (74.1%) reported positive intentions (definitely or probably) to undergo thyroid cancer screening (Fig. 1); 428
subjects did not change their positive intentions and six subjects changed their intentions from negative to positive.
Among 586 respondents, 505 respondents (86%) reported
“no decrease” in their intentions: 428 respondents did not
change their positive intentions, 71 respondents did not
change their negative intentions, and six respondents
changed their intentions from negative to positive. Only
VOLUME 48 NUMBER 3 JULY 2016
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Table 1. Baseline characteristics of the study participants
Characteristic
Age (yr)
30-39
40-49
50-59
60-74
Education level
Middle school graduate
High school graduate
College and higher
Monthly household income (US $)
! 3,499
3,500-4,999
" 5,000
Type of health insurance
National Health Insurance
Medical Aid Program
Private cancer insurance
No
Yes
Marital status
Single
Married
Thyroid screening history
Never screened or not screened
within the past 2 years
Screened within the past 2 years
Awareness of overdiagnosis
Unaware
Aware
Family history of cancer
No
Yes
Belief in cancer screening efficacy
Totally ineffective/Somewhat
ineffective/Moderate
Effective/Very effective

No. (%) (n=586)
128 (21.8)
152 (25.9)
176 (30.0)
130 (22.2)
85 (14.5)
347 (59.2)
154 (26.3)
201 (34.3)
206 (35.2)
179 (30.5)
560 (95.6)
26 (4.4)
95 (16.2)
491 (83.8)
51 (8.7)
535 (91.3)
522 (89.1)
64 (10.9)
423 (72.2)
163 (27.8)
427 (72.9)
159 (27.1)
97 (16.5)
489 (83.5)

13.8% of respondents who showed positive intentions
changed their intentions to negative after receiving information about overdiagnosis; this decrease in the percent of
women with positive intentions to undergo thyroid cancer
screening was statistically significant (p < 0.001). Screening
intentions and changes in intentions did not differ by age
group (Fig. 1).
Finally, logistic regression analysis was performed to
determine predictors of decreases in screening intention
among the 81 women in the “decrease” group and the 505
women in the “no decrease” group (Table 3). A decrease in
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intention to undergo screening was more likely in women
who graduated high school (aOR, 2.82; 95% CI, 1.09 to 7.35)
and MAP recipients (aOR, 4.29; 95% CI, 1.58 to 11.63).
Women with stronger beliefs on the efficacy of cancer screening were less likely to change their intentions (aOR, 0.37; 95%
CI, 0.21 to 0.65). Interestingly, prior awareness of overdiagnosis and previous history of thyroid cancer screening was
not significantly associated with change in intention.

Discussion
Among study participants, prior awareness of overdiagnosis in thyroid cancer screening was 27.8%, even though all
subjects had undergone at least one cancer screening within
the past 2 years. Prior to receiving information on overdiagnosis, 87% of the subjects intended to undergo thyroid cancer
screening, and even after receiving information about overdiagnosis, the majority of women still intended to undergo
thyroid cancer screening (74%). This finding suggests that
women would be willing to undergo screening for thyroid
cancer regardless of the risk of overdiagnosis. Only a small
number of subjects changed their intentions to undergo thyroid cancer screening from positive to negative after receiving information on overdiagnosis (14%). Although only 14%
of subjects lowered their intentions to undergo thyroid cancer screening after learning about overdiagnosis, the percentage of women with negative intentions (probably not or
definitely not) thereafter was almost double that at baseline
(26% vs. 13%). These results suggest that information on
overdiagnosis would have an impact on women in the general public, whereas those in the nationwide cancer screening
program may have already formed stable beliefs and intentions. This is consistent with previous studies reporting that
women who were provided with decision aids were more
knowledgeable about screening and demonstrated decreased
intentions to undergo screening or were less likely to undergo mammography [15,16].
In the current study, most of the sociodemographic characteristics, including age and income level, were not associated with screening intention, regardless of receiving
information on overdiagnosis. However, women who graduated from at least high school were more likely to decrease
their intentions to undergo screening. This suggests that the
concept of overdiagnosis in itself may have been difficult for
the less educated women to understand and that the brief
explanation provided to participants in this study may not
have been adequate for them to make an informed choice.
This result suggests the need for better ways to communicate
the importance and risks of overdiagnosis. A recent study

Sangeun Lee, Responses to Overdiagnosis

Table 2. Simple and multiple logistic regression analysis of intentions to undergo thyroid cancer screening prior to receiving
information on overdiagnosis
Variable

Thyroid screening intention, No. (%)

Age (yr)
30-39
40-49
50-59
60-74
Education level
Middle school graduate
High school graduate
College and higher
Monthly household income (US $)
! 3,499
3,500-4,999
" 5,000
Type of health insurance
National Health Insurance
Medical Aid Program
Private cancer insurance
No
Yes
Thyroid screening history within past 2 years
No
Yes
Awareness of overdiagnosis
Unaware
Aware
Family history of cancer
No
Yes
Belief in cancer screening efficacy
Totally ineffective/Somewhat ineffective/Moderate
Effective/Very effective

Yesa) (n=509)

Nob) (n=77)

Simple odds
OR (95% CI)

Multiple odds
aOR (95% CI)

107 (83.6)
138 (90.8)
151 (85.8)
113 (86.9)

21 (16.4)
14 (9.2)
25 (14.2)
17 (13.1)

1(
1.93 (0.94-3.98)
1.19 (0.63-2.23)
1.30 (0.65-2.61)

1(
1.88 (0.90-3.89)
1.12 (0.58-2.15)
1.31 (0.57-2.95)

74 (87.1)
301 (86.7)
134 (87.0)

11 (12.9)
46 (13.3)
20 (13.0)

1(
0.97 (0.48-1.97)
1.00 (0.45-2.19 )

1(
0.90 (0.39-2.05)
0.86 (0.33-2.25)

174 (86.6)
176 (85.4)
159 (88.8)

27 (13.4)
30 (14.6)
20 (11.2)

1(
0.91 (0.52-1.59)
1.23 (0.67-2.29)

1(
0.85 (0.47-1.56)
1.14 (0.59-2.20)

487 (87.0)
22 (84.6)

73 (13.0)
4 (15.4)

1(
0.82 (0.28-2.46)

1(
0.71 (0.22-2.33)

76 (80.0)
433 (88.2)

19 (20.0)
58 (11.8)

1(
1.87 (1.05-3.31)

1(
2.00 (1.10-3.62)

450 (86.2)
59 (92.2)

72 (13.8)
5 (7.8)

1(
1.89 (0.73-4.86)

1(
1.85 (0.70-4.87)

361 (85.3)
148 (90.8)

62 (14.7)
15 (9.2)

1(
1.69 (0.93-3.07)

1(
1.80 (0.98-3.32)

366 (85.7)
143 (89.9)

61 (14.3)
16 (10.1)

1(
1.49 (0.83-2.67)

1(
1.49 (0.82-2.70)

86 (88.7)
423 (86.5)

11 (11.3)
66 (13.5)

1(
0.82 (0.42-1.62)

1(
0.74 (0.37-1.48)

OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio. a)Probably yes and definitely yes, b)Probably not and definitely not.

reported that expressing information as a ratio of lives saved
to overdiagnosis (1:3) was associated with a greater decrease
in intentions to undergo screening than other information
formats [6]. In addition, an Australian study also reported
that women sometimes confused “overdiagnosis” with
“overtreatment,” and they were more likely to use “overtreatment” than “overdiagnosis” [13]. In a similar context, one
study proposed that some pre-malignant conditions should
not be labeled as cancers or neoplasia [17]. Thus, further
research is needed to determine methods that would be most
helpful to lay individuals in conceptualizing overdiagnosis
in Korean women.

In addition, we found that MAP recipients were 4.3 times
more likely to lower their intentions to undergo screening
after receiving information on overdiagnosis. This might be
explained by hesitation to spend money on screening that
could ultimately prove unnecessary. In other words, NHI
beneficiaries may not have much concern about negative
aspects of screening including health care cost due to unnecessary cancer diagnosis and subsequent procedures. This
result suggests that an individual’s values and priorities may
affect their decision, particularly when the benefits of an
intervention do not apparently outweigh the harms or when
evidence supporting an intervention is not clear with scienVOLUME 48 NUMBER 3 JULY 2016
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30-39 yr

85.8 86.9 86.9

40-49 yr

79.6

Screening intention (%)

80
69.5

74.4

71.5

50-59 yr

74.1

60-74 yr
Total

60

40

20

0

15.6

Pre-information
screening intentions

Post-information
screening intentions

13.2 11.9 15.4 13.8

Decrease in intentions

Fig. 1. Positive intention to undergo thyroid cancer screening before and after receiving information on overdiagnosis, stratified by age.

tific certainty [20]. Obviously, accurate information on the
benefits and harms of any procedure is important to making
an informed decision. However, sometimes, one’s beliefs and
values regarding their health could be a stronger decisive factor than factual knowledge in informed decision making for
cancer screening [21].
In the current study, women who strongly believed that
cancer screening is effective in facilitating early detection
were less likely to change their intentions to under screening
for thyroid cancer. In a recent study on breast cancer screening, women eligible for breast cancer screening via a nationwide screening program reported less of a decrease in their
intentions to undergo continued screening after receiving
information on overdiagnosis, compared to women not eligible for screening due to younger age [6]. According to
another study conducted in Korea, women with strong
beliefs on the efficacy of cancer screening underwent thyroid
cancer screening 1.55 times more than those who did not [22].
These results were explained by the possibility that eligible
women in the screening program might have held strong,
stable beliefs on the efficacy of the cancer screening program.
Many women seem to believe that screening is extremely
important for early detection and treatment of cancer,
regardless of its likelihood of becoming malignant. In general, women’s attitudes toward cancer screening are shaped
through the information presented to them directly by
screening service providers, as well as their broader experiences with public health campaigns that promote the benefits
of screening without explaining the harms of overdiagnosis.
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Thus, one would expect that new information confounding
this message (i.e., information about overdiagnosis) would
not be immediately accepted and understood, as seen in our
study.
There are several limitations to the current study. Subjects
were provided only a short amount of time to process the
information provided, thus our findings demonstrate only
the immediate impact of exposure to information on overdiagnosis [6]. As well, the little amount of information that
was written on the questionnaire form and verbally
explained by a professional interviewer may not have been
adequate to facilitate making an informed choice, and therefore, may have had an impact on our findings. According to
previous studies on both written and verbal information,
probabilistic information presented as numbers rather than
words may provide a more accurate understanding of risk
[18,23]. In a breast cancer study, numeric information with
small numbers appeared to facilitate better understanding
[6]. Nevertheless, there is no research on overdiagnosis in
thyroid cancer, and no agreement has been reached on estimates of overdiagnosis in thyroid cancer. Thus, we could not
provide subjects with probabilistic information presented as
numbers, concerning overdiagnosis in thyroid cancer. In
addition, we only planned to assess screening intentions
rather than actual screening uptake. Future research is
needed to assess how information on overdiagnosis works
on actual screening uptake. Finally, this study only included
women who had previous experiences with cancer screening
within the past 2 years, and only 32.3% of women (586/1,816)
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Table 3. Simple and multiple logistic regression analysis of correlates of a decreased intention to undergo thyroid cancer
screening (pre-post information)
Change in intention, No. (%)
Variable
Age (yr)
30-39
40-49
50-59
60-74
Education level
Middle school graduate
High school graduate
College and higher
Monthly household income (US $)
! 3,499
3,500-4,999
" 5,000
Type of health insurance
National Health Insurance
Medical Aid Program
Private cancer insurance
No
Yes
Thyroid screening history within the past 2 years
No
Yes
Awareness of overdiagnosis
Unaware
Aware
Family history of cancer
No
Yes
Belief in cancer screening efficacy
Totally ineffective/Somewhat ineffective/Moderate
Effective/Very effective

No decreasea)
(n=505)

Decreaseb)
(n=81)

Simple odds
OR (95% CI)

Multiple odds
aOR (95% CI)

108 (84.4)
132 (86.8)
155 (88.1)
110 (84.6)

20 (15.6)
20 (13.2)
21 (11.9)
20 (15.4)

1(
0.82 (0.42-1.60)
0.73 (0.38-1.42)
0.98 (0.50-1.93)

1(
0.86 (0.43-1.72)
0.69 (0.35-1.38)
1.50 (0.68-3.34)

78 (91.8)
292 (84.1)
135 (87.7)

7 (8.2)
55 (15.9)
19 (12.3)

1(
2.10 (0.92-4.79)
1.57 (0.63-3.90)

1(
2.82 (1.09-7.35)
2.01 (0.67-6.01)

173 (86.1)
180 (87.4)
152 (84.9)

28 (13.9)
26 (12.6)
27 (15.1)

1(
0.89 (0.50-1.58)
1.10 (0.62-1.94)

1(
1.20 (0.63-2.30)
1.47 (0.77-2.83)

488 (87.1)
17 (65.4)

72 (12.9)
9 (34.6)

1(
3.59 (1.54-8.35)

1(
4.29 (1.58-11.63)

86 (90.5)
419 (85.3)

9 (9.5)
72 (14.7)

1(
1.64 (0.79-3.41)

1(
1.50 (0.70-3.19)

451 (86.4)
54 (84.4)

71 (13.6)
10 (15.6)

1(
1.18 (0.57-2.42)

1(
1.15 (0.54-2.47)

365 (86.3)
140 (85.9)

58 (13.7)
23 (14.1)

1(
1.03 (0.61-1.74)

1(
1.14 (0.66-1.97)

360 (84.3)
145 (91.2)

67 (15.7)
14 (8.8)

1(
0.52 (0.28-0.95)

1(
0.55 (0.30-1.03)

72 (74.2)
433 (88.6)

25 (25.8)
56 (11.4)

1(
0.37 (0.22-0.63)

1(
0.37 (0.21-0.65)

OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio. a)Increase or no change, b)Change from “probably yes” or
“definitely yes” to “probably not” or “definitely not.”

who completed the KNCSS interview and the additional
face-to-face interview were included in this study. Although
there were no significant differences in sociodemographic
characteristics between women included in the study and
those who were not, there remains the possibility of selection
bias. That is, women with lower intention to undergo thyroid
cancer screening might have been less likely to participate in
this study. Thus, future studies are needed to investigate thyroid cancer screening intention and awareness of overdiagnosis within the entire general population.

Conclusion
Early detection of cancer is proven to save lives; however,
in some instances it can be harmful, such as those related to
overdiagnosis. While women in Korea appeared to be less
concerned about overdiagnosis, information on overdiagnosis in thyroid cancer screening in Korea should be provided
to individuals so that they can make an informed choice.
Herein, the briefest of information resulted in small reductions in intentions to undergo screening for thyroid cancer.
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Nevertheless, providing written information alone may not
be helpful to individuals in reaching a full understanding of
the harms or benefits of thyroid cancer screening and thereby
counteract the Korean public’s largely positive attitudes on
cancer screening in general. Further research on the relationships between sociodemographic factors and attitudes on
cancer screening may be helpful in development of materials
for educating the general public on the harms and benefits
of thyroid cancer screening.
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The Clinical Status of Radiation Therapy in Korea in 2009 and 2013

Purpose
The purpose of this study is to estimate the clinical status of radiation therapy (RT) in Korea.
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Materials and Methods
We analyzed open claims data from the Health Insurance Review and Assessment Service
(HIRA). The subjects were patients with malignant neoplasms who had procedure codes
concerning RT in 2009 and 2013.
Results
The total numbers of patients who underwent RT in 2009 and 2013 were 42,483 and
56,850, respectively. The numbers of men and women were 20,012 and 22,471 in 2009
and 26,936 and 29,914 in 2013, respectively. The five most frequent RT sites were
metastatic, breast, gastrointestinal, thoracic, and gynecologic cancers in 2009, and
metastatic, breast, gastrointestinal, thoracic and head and neck cancers in 2013. The three
leading types of cancer among men were metastatic, gastrointestinal, and thoracic, and
breast, metastatic, and gynecologic among women. According to age, the most common
treatment site was the central nervous system for those aged 20 years or less, the breast
for those in their 30s to 50s, and metastatic sites for those in their 60s or older.
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Conclusion
Data from this study provide an overview of the clinical status of RT in Korea.
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Introduction
As in many other parts of the world, cancer is the leading
cause of death and is a major public health problem in Korea.
According to the annual report of the Korea Central Cancer
Registry, 224,177 patients were newly diagnosed with cancer
in 2012, and overall incidence rates have increased by 3%-4%
per year [1]. The number of individuals diagnosed with cancer has increased each year, due in large part to aging and
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particularly for some cancers (e.g., breast and colorectal cancer) because of the increasing prevalence of obesity attributed
to westernized eating habits, and for some other cancers (e.g.,
thyroid and prostate cancer) because of the development of
diagnostic tools and as a result of a medical system that
encourages cancer screening [2].
In addition to surgery and chemotherapy, radiation therapy (RT) is one of the three primary modalities for modern
cancer treatment. As the market and clinical demand for RT
grow in importance, providing accurate, nationally based
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Table 1. The customized source population
List
Treatment period
Type of healthcare facility
Diagnostic code
Type of insurance
Hospital region
Sex
Age

Criterion
2009 Jan 1-2009 Dec 31,
2013 Jan 1-2013 Dec 31
Tertiary, secondary
C00-C97
Health insurance, medical aid
National
Male, female
All ages

databases concerning the clinical status of RT has become
important for understanding the status and development of
cancer treatment in Korea. Official records concerning the
clinical status of RT were reported from 1999 to 2006 in Korea
[3-6]. The results were compiled from questionnaires mailed
to radiation oncology facilities. A website with relevant RT
statistics from the Korean Society for Radiation Oncology
(KOSRO) was recently developed and is being operated as

an on-line statistical program [7]; these developments may
be helpful for taking inventory of the RT equipment and for
evaluating the manpower status for radiation oncology in
Korea. However, these approaches require a long period of
time as well as the cooperation of all RT facilities for data collection.
In this study, we analyzed the clinical status of RT in 2009
and 2013 in Korea using open claims data from the Health
Insurance Review and Assessment Service (HIRA).

Materials and Methods
The claims data from the HIRA are open access to
approved researchers who submit a profile of their work and
R&D plan. The claims data from the HIRA contain information on 46 million patients per year who account for 90% of
the total population in Korea; the claims data include information regarding patients’ diagnoses, treatment, procedures,

Table 2. Procedure codes related to radiation therapy
Procedure code
HD051
HD052
HD053
HD054
HD055
HD056
HD058
HD059
HD061
HD080
HD081-HD082
HD083-HD084
HD085-HD086
HD088
HD089
HD091
HD092
HD093
HD110
HD111-HD112
HD113
HD114
HD115
HD121
HD211-HD212
HZ271

Name of procedure codes
Teletherapy-Low energy-Single port
Teletherapy-Middle energy-Single port
Teletherapy-High energy-Single port
Teletherapy-Low energy-Paralleled opposed ports
Teletherapy-Middle energy-Paralleled opposed ports
Teletherapy-High energy-Paralleled opposed ports
Rotational irradiation- Middle energy radiation therapy
Rotational irradiation - High energy radiation therapy
3-Dimensional conformal therapy
External radioisotope therapy
Intracavitary therapy-High dose rate
Intracavitary therapy-Low dose rate
Interstitial, intraluminal therapy-High dose rate
Interstitial, intraluminal therapy-Low dose rate
Brachytherapy
Total body irradiation
Total body lymph node irradiation
Total skin electron beam therapy
Fractionated stereotactic radiotherapy
Body stereotactic radiosurgery-Using linear accelerator
Cranial stereotactic radiosurgery-Gamma knife
Cranial stereotactic radiosurgery-Cyber knife
Cranial stereotactic radiosurgery-Linear accelerator
Proton therapy
Stereotactic body radiosurgery-Using cyber knife
Intensity modulated radiation therapy
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60,000

No. of patients

50,000

56,850

Female
Male

42,483

29,914

40,000
30,000

22,471

20,000
10,000
0

26,936

20,012

2009

2013
Year

and others), breast, gastrointestinal, thoracic, and gynecologic. However, the fifth most frequent site in 2013 was head
and neck cancer instead of gynecologic cancer. The three
leading sites among male patients were metastatic, gastrointestinal, and thoracic cancer, and breast, metastatic, and
gynecologic cancer among women, in that order. The numbers of patients who received RT according to site and age
group in 2013 are shown in Table 4. The most common treatment site was the central nervous system for those in their
20s or younger, while the breast was the most frequent site
through the 30s to 50s, and metastasis was most common for
those in their 60s or older. Similar trends were observed in
2009.

Fig. 1. Total number of patients who underwent radiation
therapy in 2009 and 2013 in Korea.

Discussion
surgical history, and prescription drugs, which provide a
valuable resource for healthcare research [8].
The customized source population criteria for this study
are shown in Table 1. The source population consisted of all
patients who had any of the International Classification of
Diseases 10 (ICD-10) cancer diagnoses (C00-C97) and at least
one of the procedure codes related to receiving RT (Table 2)
from January to December in 2009 and 2013. Patients who
received two or more sessions of RT with interruption
through January to December were counted as one patient.
Patients with a diagnostic code concerning metastases (C7779) were categorized as having received RT to a metastatic
site. Patients with two or more diagnostic codes related to
malignant neoplasms were categorized as having received
RT to the metastatic site, followed by the main, secondary,
and third diagnostic codes.
The site of RT category classification was based on the
annual reports from the KOSRO, except for the breast and
thyroid, which were classified independently rather than as
part of the thoracic category.

Results
The total numbers of patients who underwent RT in 2009
and 2013 were 42,483 and 56,850, respectively. The total numbers of male and female patients who received RT were
20,012 and 22,471 in 2009, 26,936 and 29,914 in 2013, respectively (Fig. 1). The numbers of patient who received RT in
2009 and 2013 by cancer sites and sex are shown in Table 3.
The five most frequent sites for patients who underwent RT
in 2009 were as follows: metastatic (brain, bone, lymph node,
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This study was conducted to analyze the clinical status of
RT in 2009 and 2013 in Korea using claims data from the
HIRA. Using the annual reports of KOSRO, we determined
that the total number of patients who received RT increased
by 33% every 4 years (Fig. 2). Although the absolute number
of patients who received RT has been increasing steadily,
because the cancer incidence has also increased steadily over
the same period [9-12], the percentages of cancer patients
who underwent irradiation were expected to be consistently
below 30% over the period from 1999 to 2013.
Breast, gastrointestinal, and genitourinary cancers have
shown the steepest increase in number and proportion
(Fig. 3). This tendency could be explained not only by the
increasing cancer incidence, but also by the increasing evidence supporting the use of RT through well-designed studies and with the advancement of RT techniques.
This approach, using claims data from the HIRA, could
reduce the amount of time required to obtain data from participants from each RT facility and eliminate the possible
recall bias associated with questionnaire-based studies. In
addition, claims data from the HIRA can be analyzed easily
by age group, as shown in Table 4.
However, this study had several limitations. Because the
claims data from the HIRA only include the insured cases,
uninsured treatments, such as intensity modulated RT, cannot be analyzed. In addition, we included patients with the
‘C’ code and excluded benign disease. Therefore, patients
who had a ‘D’ diagnostic code, which is expected to be a
somewhat large portion of patients with ductal carcinoma in
situ of the breast treated by RT, were excluded from this
analysis. As a result, the actual number of patients who
received RT is expected to be more than what is reported. To
the contrary, because the patients who received RT on mul-
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Table 3. Distribution of patients who received radiation therapy according to tumor site and sex in 2009 and 2013
Site
Metastasis
Breast
Gastrointestinal

Thoracic

Head and neck

Gynecologic

Genitourinary

Central nervous system

Lymphoma

Sub-site (diagnostic code)
(C77-C79)
(C50)
Colorectum (C18-C20)
Hepatobiliary (C22-C24)
Esophagus (C15)
Pancreas (C25)
Stomach (C16)
Anus (C21)
Small bowel (C17)
Other (C26)
Subtotal
Lung (C34)
Thymus (C37)
Mediastinum (C38)
Trachea (C33)
Other (C39)
Subtotal
Larynx (C32)
Oral cavity (C02-C06)
Oropharynx (C01, C09-C10)
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 tubes (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
Hodgkin’s disease (C81)
Non-Hodgkin’s lymphoma (C82-C88)
Other (C96)
Subtotal

No. of patients in 2009

No. of patients in 2013

Male

Female

Total

Male

Female

Total

7,435
11
2,129
1,706
737
226
232
49
13
2
5,094
2,576
86
20
6
1
2,689
575
183
193
125
127
181
57
48
17
8
4
1,518
847
178
47
34
0
1,106
700
20
11
731
58
541
2
601

6,280
8,731
1,109
566
43
147
108
72
5
0
2,050
551
70
4
7
0
632
32
89
35
42
77
14
27
19
16
2
1
354
1,942
521
72
87
3
2,625
52
17
4
73
557
12
7
576
23
398
2
423

13,715
8,742
3,238
2,272
780
373
340
121
18
2
7,144
3,127
156
24
13
1
3,321
607
272
228
167
204
195
84
67
33
10
5
1,872
1,942
521
72
87
3
2,625
847
230
64
34
4
1,179
1,257
32
18
1,307
81
939
4
1,024

8,529
17
2,416
2,329
992
397
290
62
17
1
6,504
4,073
115
31
6
1
4,226
832
304
395
271
163
248
82
64
23
5
15
2,402
2,097
291
77
53
0
2,518
815
17
23
855
61
676
9
746

6,894
13,480
1,203
746
79
275
133
109
12
0
2,557
1,045
80
7
8
0
1,140
36
178
66
92
116
17
39
34
16
5
0
599
2,095
618
111
84
5
2,913
69
38
7
114
656
24
18
698
26
542
7
575

15,423
13,497
3,619
3,075
1,071
672
423
171
29
1
9,061
5,118
195
38
14
1
5,366
868
482
461
363
279
265
121
98
39
10
15
3,001
2,095
618
111
84
5
2,913
2,097
360
115
53
7
2,632
1,471
41
41
1,553
87
1,218
16
1,321
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Table 3. Continued
Site

Sub-site (diagnostic code)

Soft tissue
Myeloma and plasmacytoma
Leukemia
Skin
Thyroid
Malignant melanoma
Primary bone and cartilage
Endocrine
Others
Total

(C46, C49)
(C90)
(C91-C95)
(C44)
(C73)
(C43)
(C40-C41)
(C74-C75)
(C45, C48, C76, C80, C97)

No. of patients in 2009

No. of patients in 2013

Male

Female

Total

Male

Female

Total

177
132
159
84
57
38
69
26
85
20,012

140
125
115
83
122
34
42
14
52
22,471

317
257
274
167
179
72
111
40
137
42,483

295
179
170
123
72
68
59
37
136
26,936

219
163
132
102
134
61
38
22
73
29,914

514
342
302
225
206
129
97
59
209
56,850

Table 4. The number of patients who received radiation therapy by site and age group in 2013
Treatment site
Metastasis
Breast
Gastrointestinal
Respiratory
Head and neck
Gynecologic
Genitourinary
Central nervous system
Lymphoma
Soft tissue
Myeloma and plasmacytoma
Leukemia
Skin
Thyroid
Malignant melanoma
Primary bone and cartilage
Endocrine
Others
All cancer

Age group
20s or under

30s

40s

50s

60s

70s or older

150
137
15
18
54
45
13
227
126
61
0
118
3
7
0
25
18
9
1,026

614
1,411
178
60
132
257
20
159
127
53
8
66
11
10
8
5
5
6
3,130

2,150
4,976
880
300
343
611
58
285
215
75
34
47
25
26
17
12
10
24
10,088

4,351
4,412
2,605
989
816
911
289
343
333
99
87
45
32
60
36
26
8
51
15,493

4,240
1,872
2,753
1,774
867
529
854
300
243
105
118
23
42
42
37
16
10
53
13,878

3,918
689
2,630
2,225
789
560
1,398
239
277
125
95
3
112
61
31
13
8
62
13,235

tiple sites including primary or metastatic sites throughout
the treated years could be re-counted as annual new patients,
the actual total number of patients who received RT is
expected to be less than what we reported. Therefore, the
annual number of patients who received RT should be considered under these limitations. In addition, the ‘metastasis’
category, which accounts for the largest proportion of
patients in this study, may reduce the number of patients
who received RT to each primary cancer site. Because we
cannot distinguish whether the patients actually received RT
to a metastatic site or to a primary site in cases with a
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Total
15,423
13,497
9,061
5,366
3,001
2,913
2,632
1,553
1,321
518
342
302
225
206
129
97
59
205
56,850

metastatic diagnostic code, we assumed that the patients
with metastatic diagnostic codes received RT to a metastatic
site. As a result, the proportions of patients who received RT
to metastatic sites were high in this study. According to the
RT statistics data published in KOSRO, the portion of the
‘metastasis’ category for all patients receiving RT was 15%18% between 1999 and 2006 [3-6]; however, the proportions
of the ‘metastasis’ category were 32% in 2009 and 27% in 2013
in the current study. This may have been an under-estimation of the number of each primary cancer site.
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Fig. 2. Cancer incidence and total number of patients who received radiation therapy through 2001 to 2013 in Korea. The
cancer incidence for 2013 is the value predicted by Jung et al. [12].

18,000
16,000
14,000
No. of patients

Conclusion

Metastasis
Breast
Gastrointestinal
Thoracic
Head and neck
Gynecologic
Genitourinary

12,000

In conclusion, the number of patients who received RT in
Korea has shown a steady increase; however, the percentages
of cancer patients who underwent irradiation were expected
to still be below 30%. Although the use of claims data from
the HIRA has some limitations, it provided useful cumulative clinical data supporting RT as one of the main modalities
for cancer treatment in Korea.
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Fig. 3. Time course of the number of patients who
received radiation therapy at seven main sites.
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Changing Patterns of Primary Treatment in Korean Men with Prostate
Cancer Over 10 Years: A Nationwide Population Based Study

Purpose
We investigated changing patterns of primary treatment in Korean men with prostate cancer
(PC) and impact of sociodemographic factors on treatment choice from a nationwide cohort
over 10 years.

Jinsung Park, MD, PhD1
Beomseok Suh, MD, MPH2
Dong Wook Shin, MD, DrPH, MBA2
Jun Hyuk Hong, MD, PhD3
Hanjong Ahn, MD, PhD3

Materials and Methods
We conducted a cohort study of a 2% nationwide random sample of Korean National Health
Insurance. A total of 1,382 patients who had undergone active treatments for newly diagnosed PC between 2003 and 2013 were included. Time trends in primary treatment of PC,
including radical surgery, radiation therapy (RT), and androgen deprivation therapy (ADT)
were analyzed.
Results
Total number of patients undergoing active treatments increased significantly (162%). Surgery cases showed the most significant increase, from 22.4% in 2003 to 45.4% in 2013,
while the relative proportion of ADT showed a tendency to decrease from 60.3% in 2003 to
45.4% in 2013, and the relative proportion of RT was variable over 10 years (from 7.2% to
18.4%). While treatment patterns differed significantly according to age (p < 0.001) and
income classes (p=0.014), there were differences in primary treatment according to residential area. In multinomial logistic regression analysis, older patients showed significant
association with ADT or RT compared to surgery, while patients with higher income showed
significant association with surgery.
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Conclusion
Treatment pattern in Korean PC patients has changed remarkably over the last 10 years.
Sociodemographic factors do affect the primary treatment choice. Our results will be valuable in overviewing changing patterns of primary treatment in Korean PC patients and planning future health policy for PC.

Introduction
Prostate cancer (PC) is the most common male cancer in
the United States, with 233,000 new cases in 2014, and is the
second most common cause of cancer-related death [1]. In
Korea, PC is currently the fourth most common male cancer,

│ http://www.e-crt.org │

Key words
Practice patterns, Prostatic neoplasms, Prostatectomy,
Radiotherapy

while age-standardized prevalence rate of PC in Korean men
is 129.0 per 100,000 in 2011 [2]. The annual incidence rate of
PC in Korean men has shown the most rapid increase among
cancer types, except for thyroid cancer, in recent decades
(age-standardized incidence rate/100,000, 8.4% at 1999 and
27.0% at 2012) [3]. Multiple reasons including population
aging, westernization of diet and increase of prostate-specific
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antigen (PSA) screening are likely to be implicated in such
increase of PC in Korea.
Treatment options for PC vary depending on disease
severity and patient characteristics including age, comorbidity, and personal preferences. In addition, sociodemographic
characteristics, including race, place of residence, income
level, and insurance status [4-6], as well as clinician factors
[7], may play a role in treatment decisions for PC. PC is a
highly prevalent disease and has a public health impact in
western countries, therefore many studies regarding trends
in treatment patterns, causes of death, and impact of sociodemographic factors on patient outcomes have been reported
based on large population-based cohorts [5-7]. However,
despite the aforementioned rapid increase of PC in Korea,
only a few studies regarding treatment patterns of PC in
Korean men on the basis of a nationwide representative database have been reported. Through a better understanding of
treatment patterns in Korean PC patients, we will gain
insight into the current status of PC in Korea. In this study,
we investigated changing patterns of primary treatment in
Korean men with PC and impact of sociodemographic factors on primary treatment choice from a nationwide cohort
over 10 years.

Materials and Methods
1. Data sources and study population
Data were obtained from 2002 to 2013 from the Korean
National Health Insurance (KNHI) Sharing Service provided
by KNHI Center. These data contain claims data in 2% of the
entire Korean population (i.e., more than 1,000,000 people)
randomly selected after stratifying the entire population
according to socioeconomic parameters (age, sex, residential
area, income, etc.). The database includes detailed information regarding disease diagnosed, imaging and laboratory
tests, treatments (both medical and surgical) and death outcomes (cause and time) as well as aforementioned socioeconomic parameters. The study protocol was approved by the
Institutional Review Board of Eulji University Hospital and
Asan Medical Center.
Data with the code C61, indicating PC according to the
National Center for Health Statistics International Classification of Diseases, 10th edition (ICD-10), were screened.
Among 4,219 men aged 20 or older with the code C61 during
the study period, newly diagnosed PC patients only after
2002 were included in order to minimize confounding effects
due to pre-diagnosed PC. Thus, patients with C61 code at
2002 (n=135) were excluded. In addition, patients who did
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not undergo active treatments for PC (n=2,702), including
those under watchful waiting or active surveillance, were
excluded because they were not properly identifiable from
the KNHI claims data. Thus, a total of 1,382 patients who had
undergone active treatments, including radical surgery,
radiation therapy (RT), and androgen deprivation therapy
(ADT), for newly diagnosed PC constituted the study population.
2. Primary treatment and operational definition
We analyzed treatment patterns in terms of primary treatment modality including surgery, RT, and ADT. We also
assessed the administration and timing of additional treatment before and after primary treatment. Neoadjuvant therapy was defined as additional therapy before primary
surgery and RT, while adjuvant and salvage therapy was
defined as additional therapy within 4 months and after
4 months after surgery, respectively.
Surgery includes open/laparoscopic radical prostatectomy
(RP; KNHI reimbursement code ‘R3950’ and ‘R3960’) and
robot-assisted RP (RARP). Because RARP is not reimbursed
by KNHI, it cannot be identified by treatment codes. Thus,
RARP was operationally defined as the absence of a surgery
code despite the presence of general anesthesia (code
‘L1211’) and postoperative pathologic examination code
(code ‘C5500’ or ‘C5504’ or ‘C5505’ or ‘C5508’ or ‘C5918’ or
‘C5919’). RT includes all types of RT including conformal and
intensity-modulated RT. Although patients underwent
additional therapy before and after surgery and RT, they
were categorized in terms of their primary treatment modality.
Primary ADT includes both surgical (orchiectomy) and
medical castration. Medical castration includes luteinizing
hormone-releasing hormone (LHRH) agonist only, antiandrogen only, and combined androgen blockade (CAB).
Because chemotherapy is administered to patients who
progress after primary treatment and salvage therapy, it was
not categorized as primary treatment.
3. Variables and statistical analysis
Patient sociodemographic parameters included age,
income class, and residential area. Patient age at diagnosis
was divided into four categories (< 49, 50-64, 65-74, and ! 75
years) [8]. Income class was divided into five categories, as
provided by KNHI. Residential area was divided into three
categories (metropolitan, urban, and suburban/rural) based
on population density.
Descriptive statistics were used to characterize treatment
patterns according to sociodemographic factors. Pearson chisquare tests were used to describe the relationship between
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Table 1. Characteristics of the study population
Variable
Age (yr)
20-49
50-64
65-74
! 75
Income class
0-2
3-4
5-6
7-8
9-10
Residential area
Metropolitan
Urban
Suburban/Rural

All subjects (n=1,382)

Surgery (n=536, 38.8%)

ADT (n=669, 48.4%)

RT (n=177, 12.8%)

83 (6.0)
626 (45.3)
494 (35.7)
179 (13.0)

49 (59.0)
351 (56.1)
122 (24.7)
14 (7.8)

21 (25.3)
194 (31.0)
303 (61.3)
151 (84.4)

13 (15.7)
81 (12.9)
69 (14.0)
14 (7.8)

211 (15.3)
140 (10.1)
211 (15.3)
280 (20.2)
540 (39.1)

68 (32.2)
43 (30.7)
84 (39.8)
115 (41.1)
226 (41.8)

123 (58.3)
79 (56.4)
104 (49.3)
125 (44.6)
238 (44.1)

20 (9.5)
18 (12.9)
23 (10.9)
40 (14.3)
76 (14.1)

354 (25.6)
317 (22.9)
711 (51.5)

154 (43.5)
114 (36.0)
268 (37.7)

147 (41.5)
156 (49.2)
366 (51.5)

53 (15.0)
47 (14.8)
77 (10.8)

ADT, androgen deprivation therapy; RT, radiation therapy.

200
180
160
120
100
80
60
40
20
0

Results
1. Characteristics of the study population
A summary of the patient sociodemographic factors is
shown in Table 1. Mean age at diagnosis was 64.1 years (standard deviation, 9.4 years). There were 83 patients (15.3%) in
the lowest income classes (class 0-2), and the greatest percentage (39.1%) was in the highest income classes (class
9-10). Approximately one fourth of patients lived in a metropolitan area, and over 50% of patients lived in a suburban
or rural area. Of the entire study population, patients undergoing surgery, ADT, and RT were 38.8%, 48.4%, and 12.8%,
respectively.

Surgery
ADT
RT
Total

140
No. of cases

variables. Annual p for trend was determined by Wilcoxontype test for trend across ordered groups. Multivariable
multinomial logistic regression analysis was used to determine the adjusted odds ratios (OR) and 95% confidence
intervals (CI) of sociodemographic factors that showed significant association with treatment choices (based on the surgery group). Potential confounders included age, income
class, residential area, and year diagnosed. All tests were
two-tailed, with p < 0.05 considered significant. Statistical
analysis was performed using Stata/SE software ver. 12.1
(Stata Corp., College Station, TX).

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Year

Fig. 1. Trends in primary treatment for prostate cancer in
Korea. ADT, androgen deprivation therapy; RT, radiation
therapy.

2. Trends in primary treatment for PC
Overall, the total number of patients undergoing active
treatments for PC showed a significant increase. As shown
in Fig. 1, the total number of cases increased from 58 in 2003
to 152 in 2013, corresponding to a 162% increase during
10 years. Of the treatment modalities, surgery cases showed
the most significant increase, thus relative proportion
increased from 22.4% in 2003 to 45.4% in 2013 (p for trend
VOLUME 48 NUMBER 3 JULY 2016
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CAB
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Fig. 2. Trends in radical surgery (A) and androgen deprivation therapy (B) for prostate cancer in Korea. RP, radical prostatectomy; RARP, robot-assisted radical prostatectomy; CAB, combined androgen blockade; LHRH, luteinizing hormonereleasing hormone.

< 0.001). While ADT cases have increased, the relative proportion of ADT showed a tendency to decrease, from 60.3%
in 2003 to 45.4% in 2013 (p for trend=0.020). While RT cases
increased slightly over the 10 years, the relative proportion
was variable (17.2% in 2003, 18.4% in 2006, 7.2% in 2009, and
9.2% in 2013) and the increment of change was relatively
small compared to that of surgery and ADT cases (p for
trend=0.034).
RARP was introduced in 2005 in many hospitals in Korea.
While RP cases have shown a steady increase, RARP cases
have shown a more rapid increase, thus RARP cases
exceeded RP cases in 2013 (Fig. 2A). Regarding the types of
ADT, orchiectomy cases showed a remarkable decrease,
from over 12% in early 2000s to 1.4% in 2013 (Fig. 2B). CAB
was the most commonly used (responsible for more than
62% to 89% of ADT), whereas use of LHRH agonists and
anti-androgen monotherapy did not show definite trends.
3. Treatment patterns according to sociodemographic factors
Treatment patterns differed significantly according to age
group (p < 0.001) (Fig. 3A) and income class (p=0.014)
(Fig. 3B), respectively. As expected, surgery was the most
common primary treatment in patients younger than 64
years, accounting for 59.0% in < 49 years and 56.1% in 50-64
years, respectively (Fig. 3A). In contrast, surgery was performed in only 7.8% of patients older than 75 years, whereas
the majority of those patients (84.4%) underwent ADT.
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Patients with higher income showed a tendency for definite
therapy including surgery and RT, whereas patients with
lower income showed a tendency for ADT (Fig. 3B). Treatment patterns according to residential area are shown in
Fig. 4. While no definite trends were observed, there were
differences in primary treatment according to residential
area.
Multivariable multinomial logistic regression analysis was
performed to assess independent effects of patient sociodemographic factors on treatment choice. As shown in Table 2,
patients older than 65 years showed significant association
with ADT compared to surgery (patients aged 65-74 years:
adjusted OR, 5.72; 95% CI, 3.25 to 10.04; patients ! 75 years:
adjusted OR, 26.59; 95% CI, 12.30 to 57.52), while patients
older than 75 years showed significant association with RT
(adjusted OR, 3.01; 95% CI, 1.12 to 8.10). Patients with higher
income levels showed significant association with surgery
compared to ADT (7-8 income class: adjusted OR, 0.59; 95%
CI, 0.38 to 0.90; 9-10 income class: adjusted OR, 0.56; 95% CI,
0.38 to 0.82). In addition, patients living in urban areas
showed significant association with ADT use compared to
surgery (adjusted OR, 1.47; 95% CI, 1.02 to 2.12). As the year
increased, the probability of RT use compared to surgery
decreased significantly (adjusted OR, 0.93; 95% CI, 0.87 to
0.99).
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Discussion
To the best of our knowledge, this is the first study investigating changing patterns of primary treatment in Korean
PC patients over 10 years from a nationwide population
based cohort. In line with a rapid increase in the incidence

and prevalence of PC in Korean men, the total number of
patients undergoing active treatments increased significantly
(Fig. 1). Of the treatment modalities, remarkable increase in
surgery cases is probably attributable to early detection of
PC due to PSA screening. Although clinical benefit of routine
PSA screening remains controversial [9,10], PSA screening
in Korea has increased with increase of routine health check-

VOLUME 48 NUMBER 3 JULY 2016

903

Cancer Res Treat. 2016;48(3):899-906

Table 2. Association of sociodemographic factors with primary treatment modality
Variable
Age (yr)
20-49
50-64
65-74
! 75
Income class
0-2
3-4
5-6
7-8
9-10
Residential area
Metropolitan
Urban
Suburban/Rural
Year (continuous)

ADT

RT

OR

95% CI

OR

95% CI

1
1.25
5.72
26.59

1
0.72-2.18
3.25-10.04
12.30-57.52

1
0.82
1.97
3.01

1
0.42-1.60
0.99-3.94
1.12-8.10

1
1.14
0.75
0.59
0.56

1
0.68-1.92
0.48-1.18
0.38-0.90
0.38-0.82

1
1.49
0.94
1.09
1.05

1
0.70-3.16
0.47-1.88
0.58-2.03
0.59-1.86

1
1.47
1.23
1.01

1
1.02-2.12
0.90-1.67
0.96-1.05

1
1.17
0.77
0.93

1
0.73-1.87
0.51-1.17
0.87-0.99

Analysis by multinomial logistic regression with outcome variable (treatment modality) based on surgery group. ADT,
androgen deprivation therapy; RT, radiation therapy; OR, odds ratio; CI, confidence interval.

up compared to the past [11,12]. Notably, while the number
of patients undergoing surgery showed a significant
increase, the relative proportion of patients undergoing RT
was variable over 10 years (from 7.2% to 18.4%). In western
countries, RT is a main treatment modality for radical treatment of PC, thus its use constitutes from 19% to 41% for definite therapy [1,5,13]. These findings indicate that the main
treatment modality for radical treatment in Korean PC
patients is surgery, whereas RT is relatively underused.
In Korea, the majority of PC patients are diagnosed by urologists, therefore dominant use of surgery as primary definite
therapy may in part be attributable to clinician factors. In
addition, because most private medical insurance in Korea
reimburses only inpatients but does not reimburse outpatients, such economic factors may affect patients’ treatment
choice. Similar to our finding, only 4.9% of patients chose RT
as primary treatment for PC in a Japanese study [14]. In that
study [14], attitude of Japanese patients, who rarely ask for
a second opinion from a clinician, was suggested as one possible reason for this finding.
We also assessed trends in surgery and primary ADT.
Regarding surgical modalities, we found that use of RARP
has increased since its introduction in 2005, and the number
of cases showed a remarkable increase in 2008 because the
installation of the da Vinci surgical system increased dramatically in 2008, consistent with a recent study [15] which
reported an increasing trend of the total number of RARP on
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the basis of the data from Intuitive Surgical Korea Ltd.
(Seoul, Korea). As such, RARP use recently exceeded conventional RP. Existing evidence, including ours, has shown
comparable or superior oncological and functional outcomes
(incontinence and potency) between RARP and RP [16,17],
although several studies reported conflicting results regarding this issue [18]. In addition, besides the high initial cost of
purchasing a robot, RARP is not reimbursed by KNHI. Thus
economic cost of RARP is significantly higher than that of
RP. To address the question of whether RARP is more beneficial than RP in terms of cost-effectiveness [19], further critical assessment of the economics involved in the two surgical
modalities is necessary.
ADT is still commonly used for treatment of Korean PC
patients, accounting for more than 60% in 2003 and 45% in
2013, although its use showed a tendency to decrease. We
observed two main findings regarding ADT use in Korea:
surgical castration has seldom been used (less than 1.4%)
recently, and the majority (60% to 88.9%) of Korean urologists use CAB for primary ADT. Because KNHI data do not
include information regarding clinical stage, we cannot
address the proportions of ADT use according to clinical
stage. Considering the aforementioned increase of early PC
detection, a significant proportion of patients with localized
PC may still undergo ADT as primary therapy, which is of
uncertain benefit in this setting [20], due to various reasons
including patient anxiety [21] and clinician factors [7,22].
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In a US population-based study using the Surveillance,
Epidemiology, and End Results-Medicare linked database
[22], urologists with no academic affiliation were significantly more likely to use primary ADT for localized PC compared to urologists with a major academic affiliation. Some
(approximately 10% during the study period) urologists use
anti-androgen monotherapy, which is not recommended
based on existing evidence [23]. These findings represent
variation in ADT use that is affected by clinician practice
style in addition to tumor or patient characteristics [7].
Our results clearly show that sociodemographic factors do
affect primary treatment choice. We confirmed the impact of
each sociodemographic factor (i.e., age, income class, and residential area) on treatment choice even after adjusting other
parameters (Table 2). As expected, older patients showed significant association with ADT or RT. Income levels showed
significant association with primary treatment. Specifically,
patients with higher income showed significant association
with surgery. This finding may indicate that patients with
higher income are more likely to undergo routine health
check-up and be diagnosed with early stage PC, thus being
more predisposed to surgery. Similar finding was observed
in other studies that reported an inverse relationship
between poverty and surgery rates [24,25]. We also observed
regional variations in treatment patterns (Fig. 4) and significant association between urban area and ADT use compared
to surgery (Table 2). These regional variations may be attributable to differences in the availability of treatment modalities and consequential discrepancies of information given to
patients.
We acknowledge several possible limitations of our study.
Because data regarding clinical and pathologic stage are not
available in the KNHI database, treatment patterns according
to stage and multivariable multinomial logistic regression
analysis adjusting for stage could not be analyzed. In addition, the proportion of Korean PC patients on watchful waiting or active surveillance, which is a reasonable treatment
option in low risk PC patients, could not be determined
because those options do not have a KNHI reimbursement
code. For a similar reason, RARP was operationally defined,
thus the estimated number of RARP cases may be somewhat
different from the actual number of cases. Countering the
possible limitations, our results are based on a nationwide,
randomly selected population based cohort, thus generalizable to the entire Korean PC population. Considering that
our estimated number of RARP cases is consistent with the
recently published result [15], we believe that our operational
definition for RARP appropriately represents an overall
increasing trend of RARP in Korea. In addition, analysis of
time trends over 10 years highlights changing patterns of
primary treatment for PC in Korea. Because our study
included only patients who had undergone active treatments

for newly diagnosed PC, we believe that confounding effects
due to diagnosis coding errors in claims data would be minimal.

Conclusion
While total cases of active treatments for PC showed a significant increase, the treatment pattern in Korean PC patients
has changed remarkably over the last 10 years. The proportion of patients undergoing surgery has increased significantly while the proportion of patients undergoing RT has
been relatively constant. In addition, sociodemographic factors do affect the primary treatment choice. Our results will
be valuable in overviewing changing patterns of primary
treatment in Korean PC patients and planning future health
policy for PC.
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The Effect of Induction Chemotherapy Using Docetaxel, Cisplatin,
and Fluorouracil on Survival in Locally Advanced Head and
Neck Squamous Cell Carcinoma: A Meta-Analysis
Purpose
The purpose of this study was to compare the survival of patients with locally advanced
head and neck squamous cell carcinoma (LA-HNSCC) undergoing concurrent chemoradiotherapy (CRT) alone with that of patients undergoing induction chemotherapy (IC) using
docetaxel, cisplatin, and 5-fluorouracil (TPF) followed by CRT.
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Materials and Methods
A search of the PubMed, EMBASE, and Cochrane Library databases was performed in April
2015 and abstracts from the American Society of Clinical Oncology meetings (2008-2014)
were reviewed. Summaries of the results were pooled using a fixed-effect model, and the
risk of bias was evaluated using the Cochrane tool.
Results
A total of six relevant trials comprising 1,280 patients were identified. There was no statistically significant overall survival (OS) advantage for TPF prior to CRT (TPF/CRT) over CRT
alone (hazard ratio [HR] 0.92; 95% confidence interval [CI], 0.79 to 1.09; p=0.339). Progression-free survival (PFS) was significantly longer in the TPF/CRT arms (HR, 0.82; 95%
CI, 0.70 to 0.95; p=0.009). Patients with non-oropharyngeal LA-HNSCC obtained the greatest OS and PFS benefits from TPF (HR, 0.68; 95% CI, 0.47 to 0.99; p=0.043 and HR, 0.67;
95% CI, 0.48 to 0.94; p=0.022, respectively). The complete response rate was significantly
increased (risk ratio [RR], 1.34; 95% CI, 1.14 to 1.56; p < 0.001), and the distant metastasis
rate tended to decrease (RR, 0.65; 95% CI, 0.40 to 1.04; p=0.071) in the TPF/CRT arms.
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Conclusion
IC with TPF followed by CRT is not superior to CRT alone for OS. However, PFS and the complete response rate were significantly improved in the TPF/CRT arms. TPF/CRT for patients
with nonoropharyngeal LA-HNSCC provided clear survival advantages.

Introduction
Most patients with head and neck squamous cell carcinoma (HNSCC) present with locally or locoregionally
advanced disease at diagnosis. Platinum-based concurrent
chemoradiotherapy (CRT) has become a popular approach

│ http://www.e-crt.org │

Key words
Head and neck neoplasms, Induction chemotherapy,
Chemoradiotherapy, Review, Meta-analysis

that enables organ preservation in locally advanced HNSCC
(LA-HNSCC) [1]. With these CRT-related improvements in
local control, distant metastasis has become a more frequently recognized cause of treatment failure [2]; suggesting
that additional systemic chemotherapy directed at improving distant control might now be important for improving
the overall success of treatment interventions.

Copyright ⓒ 2016 by the Korean Cancer Association
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Therefore, the use of systemic chemotherapy before definitive CRT, so-called induction chemotherapy (IC), has been
theoretically attractive, and has been shown to reduce the
incidence of distant metastasis and to support organ preservation [3,4]. Based on phase III studies that have established
its superiority over cisplatin and 5-fluorouracil (PF) for
response rate and survival, a regimen of docetaxel, cisplatin,
and 5-fluorouracil (TPF) has emerged as the standard IC regimen [5-7]. In a recent meta-analysis of studies of IC regimens, overall survival (OS) provided by TPF was superior
to that provided by PF [8]. However, whether or not the
addition of TPF prior to CRT (TPF/CRT) will lead to further
improvement in survival compared with CRT alone has not
yet been proven.
A few randomized controlled trials have been conducted
to address the efficacy of TPF/CRT over CRT alone for
patients with LA-HNSCC, however they reported conflicting
results. Three randomized phase III studies failed to prove
that TPF/CRT provided improvement in OS compared with
CRT alone [9-11]. However, these studies had low statistical
power for detecting survival differences, because of slow
accrual rates and premature study termination [12]. Subsequent to these studies, results of a randomized phase III trial
of the largest number of patients were presented at the 2014
Annual Meeting of the American Society of Clinical Oncology. The results showed that IC with TPF followed by CRT
was superior to CRT alone for complete response rate (CRR),
progression-free survival (PFS), and OS [13]. In contrast, a
recently published randomized phase II study and a metaanalysis failed to show any advantage of TPF/CRT [14,15].
The aims of our meta-analysis were to assess the question
of whether or not TPF/CRT for patients with LA-HNSCC
favorably impacts survival compared with CRT alone, and
to identify patients who would most benefit from TPF/CRT.

Materials and Methods
1. Inclusion criteria of studies
All prospective clinical trials that compared the outcomes
of TPF/CRT with those of CRT alone for patients with
LA-HNSCC were considered eligible for inclusion in this
meta-analysis. The study participants were patients with previously untreated, non-metastatic, histologically proven
stage III or IV HNSCC who had adequate organ and marrow
function. Patients were randomly assigned to receive either
CRT alone (CRT arm) or induction TPF followed by CRT
(TPF/CRT arm). Studies regarding IC other than TPF, and
studies not published in English were excluded. In the case
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of a multi-arm study, only the TPF/CRT arm was selected as
a comparator arm.
2. Literature search strategy
The initial literature search was conducted through
PubMed, EMBASE, and the Cochrane Library. The following
trial databases were also searched for ongoing and unpublished trials: the MetaRegister of controlled clinical trials
(http://www.controlled-trials.com/) and the National Institutes of Health Clinical Trials Registry (http://clinicaltrials.
gov/). In addition, we performed an individual search of the
abstract listings from the annual meetings of the American
Society of Clinical Oncology (2008-2014) for identification of
potentially relevant studies. The detailed search strategy is
shown in Supplementary Table 1.
Two reviewers (R.K., J.S.) performed an independent
assessment of all of the obtained abstracts for their eligibility
according to the inclusion criteria. For abstracts that were
inconclusive for eligibility, the entire article was thoroughly
reviewed by two reviewers (R.K., J.S.). Each trial that fulfilled
the inclusion criteria was assessed for methodological quality
using the Cochrane Collaboration’s tool [16]. All disagreements between reviewers were resolved by consensus.
3. Data extraction
The following items were extracted from the articles: name
of the first author, title and phase of each trial, year of publication, study location, characteristics of the treatments used
in each arm, number of patients, proportion of patients who
failed to complete CRT in each treatment arm, proportion of
oropharyngeal cancer, hazard ratio (HR) for OS and PFS with
corresponding 95% confidence interval (CI), radiologic
response rate, and rate of grade 3-4 adverse events (AEs).
To avoid errors in the data abstraction process, data were
extracted from articles by two independent reviewers (R.K.,
J.S.) and their results were compared. All data were checked
for internal consistency, and disagreements were resolved
by discussion. When the outcome data could not be extracted
from the primary literature, the information was requested
from the corresponding author of the publication in question.
4. Statistical analysis
The primary outcome was OS, defined as the time from
random assignment to death from any cause. Secondary outcomes were PFS, overall response rate (ORR) and CRR, distant metastasis rate (DMR), locoregional recurrence rate
(LRR), risk of failure to complete CRT, and grade 3-4 AEs.
PFS was defined as the time from random assignment to
locoregional or distant failure, or death from any cause with-

Ryul Kim, Role of Induction Chemotherapy in LA-HNSCC

Studies identified by search strategy in
Pubmed/EMBASE (n=221)
Cochrane library (n=157)
NIH clinical trials registry (n=369)
Meta register (n=9)
Abstract listings from 2014 ASCO annual meeting (n=1)
Abstracts were reviewed (n=757)
Violation of inclusion criteria
Duplication (n=128)
Double publication (n=13)
Not dealing with LA-HNSCC (n=181)
Not IC with TPF (n=13)
Not IC/CRT vs. CRT (n=275)
Animal study (n=1)
Not published in English (n=3)
Not RCT design (n=63)
Review article (n=60)
Eligible for full text reivew (n=20)
Excluded due to
Completed, but not published (n=2)
Currently ongoing (n=8)
Not yet open for participant
recruitment (n=1)
Recruitment status is unknown (n=2)
Terminated, but data are not
available (n=1)
Studies included in systematic review (n=6)

Fig. 1. Flow diagram for study review and inclusion. This search was performed in April 2015. ASCO, American Society of
Clinical Oncology; NIH, National Institutes of Health; LA-HNSCC, locally-advanced head and neck squamous cell carcinoma; IC, induction chemotherapy; TPF, docetaxel, cisplatin, and 5-fluorouracil; CRT, concurrent chemoradiotherapy; RCT,
randomized controlled trial.

out progression, whichever occurred first. ORR was defined
as CRR and partial response rate after completion of CRT.
A fixed-effect model was used for calculation of pooled
HRs or relative risks (RRs), 95% CIs, and p-values. Twosided p-values less than 0.05 were considered statistically significant. Statistical heterogeneity was assessed using a formal
statistical test that used the chi-square test and I2 statistic
[17,18]. Once statistically significant heterogeneity was
determined, a random-effect model was applied to evaluate
the consistency of the result. The Begg and Egger funnel plot
method was used to assess the possibility of publication bias
[19,20]. Statistical analyses were performed using STATA
ver. 11 (StataCorp., College Station, TX).

Results
1. Literature search
As shown in Fig. 1, the search of electronic databases and
meeting abstracts resulted in a total of 757 citations. The
abstracts of all citations were examined for relevance to the
inclusion criteria. For all of the abstracts not excluded based
on the initial review, the entire article was reviewed in detail
for inclusion. Based on this review process, six trials met the
inclusion criteria (Table 1).
There were some small differences in the chemotherapeutic agents and protocols for radiotherapy fractionation, as
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Table 1. Characteristics of studies included in the meta-analysis
Author
Haddad
et al.
(2013) [10]
Cohen
et al.
(2014) [9]
Paccagnella
et al.
(2010) [22]
Hitt et al.
(2014) [11]

Phase

Study
location

III

United States

III

II

III

Ghi et al.
(2014) [13]

III

Takacsi
-Nagy et al.
(2015) [15]

II

Primary
outcome

Characteristics of
treatment in each arm

OS

Median
follow-up
period (mo)

CRT with cisplatin
TPF!3"CRT with
docetaxel or carboplatin
Croatia, France, OS
CRT with DFHX
Russia, Spain,
TPF!2"CRT with
United States
DFHX
Italy
Radiologic
CRT with cisplatin/5-FU
CR rate
TPF!3"CRT with
cisplatin/5-FU
Spain
PFS
CRT with cisplatin
TTF
TPF!3"CRT with
cisplatin
Italy
OS
CRT with cisplatin
/5-FU or cetuximab
TPF!3"CRT with cispatin
/5-FU or cetuximab
Hungary
Radiologic
CRT with cisplatin
response rate TPF!2"CRT with
cisplatin

Arm

No. of Oropharyngeal
patients
cancer (%)

49

CRT
TPF/CRT

75
80

55.0
56.0

N/A

CRT
TPF/CRT

135
138

55.6
61.3

42

CRT
TPF/CRT

51
50

51.0
54.0

24

CRT
TPF/CRT

128
155

42.2
42.6

41

CRT
TPF/CRT

207
208

56.0
57.0

63

CRT
TPF/CRT

33
30

52.0
61.0

OS, overall survival; CRT, concurrent chemoradiotherapy; TPF, docetaxel, cisplatin, and 5-fluorouracil; DFHX, docetaxel+
hydroxyurea+fluorouracil; N/A, not available; CR, complete response; 5-FU, 5-fluorouracil; PFS, progression-free survival;
TTF, time-to-failure.

well as in the dosage and TPF schedules (Supplementary
Table 2). The trial conducted by Hitt et al. [11] included an
additional treatment arm, in which patients received IC with
PF followed by CRT. As PF is not considered a standard IC
regimen, the results of the PF arm were not included in this
meta-analysis. The trial conducted by Ghi et al. [13] has not
yet been formally published. Most studies stratified patients
according to the primary tumor site, except for one trial conducted by Takacsi-Nagy et al. [15]. In most studies response
evaluations were assessed according to the Response Evaluation Criteria in Solid Tumors (RECIST) [21], except one trial
conducted by Haddad et al. [10] which did not specify the
response evaluation criteria used.
2. Survival analyses
The six studies included a total of 1,280 individual patients,
651 of whom received IC using TPF followed by CRT, and
629 patients received CRT alone. The HRs of OS, PFS and its
95% CIs were extracted from four of six studies [9-11,13], or
calculated using other available statistical information by
two independent reviewers (R.K., J.S.) in the trial conducted
by Paccagnella et al. [22]. Data from the study conducted by
Takacsi-Nagy et al. [15] were requested and provided from
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the corresponding author of the original study.
For a total of 1,280 patients, the pooled HR of OS and PFS
were 0.92 (95% CI, 0.79 to 1.09; p=0.339) and 0.82 (95% CI,
0.70 to 0.95; p=0.009), respectively (Fig. 2). The heterogeneity
was not statistically significant by chi-square or I2 testing for
OS (!2=7.44, df=5 [p=0.190]; I2=32.8%), and PFS (!2=3.84, df=5
[p=0.573]; I2=0.0%).
3. Subgroup analyses
Subgroup analyses were performed to determine the survival outcomes according to primary tumor site: oropharyneal and non-oropharyngeal LA-HNSCC. The survival
data for the subgroup analysis were extractable from two out
of 6 trials [10,13], comprising a total of 560 patients.
There was no statistically significant improvement of OS
and PFS with TPF/CRT followed by CRT for oropharyngeal
LA-HNSCC patients. The corresponding HRs were 0.89 (95%
CI, 0.62 to 1.28; p=0.527) for OS, and 0.89 (95% CI, 0.64 to 1.24;
p=0.504) for PFS (Fig. 3). In contrast, non-oropharyngeal LAHNSCC patients showed statistically significant improvement in OS and PFS (HR, 0.68; 95% CI, 0.47 to 0.99; p=0.043
and HR, 0.67; 95% CI, 0.48 to 0.94; p=0.022, respectively).
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Author

A

No. of patients
TPF/CRT CRT

OS

HR (95% CI) Weight (%)

70

75

1.09 (0.59-2.03)

6.90

138

135

0.92 (0.60-1.43)

13.96

50

51

0.73 (0.42-1.27)

8.60

Hitt et al. (2014) [11]

155

128

1.11 (0.82-1.49)

30.20

Ghi et al. (2014) [13]

208

207

0.72 (0.55-0.96)

33.06

30

33

1.49 (0.82-2.72)

7.29

0.92 (0.79-1.09)

100.00

Haddad et al. (2013) [10]
Cohen et al. (2014) [9]
Paccagnella et al. (2010) [22]

Takacsi-Nagy et al. (2015) [15]
Overall

Heterogeneity: X2=7.74, df=5 (p=0.171); I2=35.4%
Test for overall effect: z=0.96, p=0.339
0.4

1
Favors TPF/CRT

Author

1.5
Favors CRT alone

3

B

No. of patients
TPF/CRT CRT

PFS

HR (95% CI) Weight (%)

70

75

1.07 (0.59-1.92)

6.59

138

135

0.76 (0.51-1.12)

14.83

50

51

0.70 (0.42-1.17)

8.74

Hitt et al. (2014) [11]

155

128

1.91 (0.69-1.20)

30.10

Ghi et al. (2014) [13]

208

207

0.73 (0.57-0.94)

36.67

30

33

1.32 (0.46-2.61)

3.07

0.82 (0.70-0.95)

100.00

Haddad et al. (2013) [10]
Cohen et al.(2014) [9]
Paccagnella et al. (2010) [22]

Takacsi-Nagy et al. (2015) [15]
Overall

Heterogeneity: X2=3.84, df=5 (p=0.573); I2=0.0%
Test for overall effect: z=2.62, p=0.009
0.4

1
Favors TPF/CRT

1.5
Favors CRT alone

3

Fig. 2. Survival outcomes from the six randomized controlled trials comparing TPF/CRT with CRT alone. (A) Forest plot of
OS. (B) Forest plot of PFS. TPF, docetaxel, cisplatin, and 5-fluorouracil; CRT, concurrent chemoradiotherapy; OS, overall survival; HR, hazard ratio; CI, confidence interval; df, degrees of freedom; PFS, progression-free survival.
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Subgroup

No. of patients
TPF/CRT CRT

HR (95% CI)

p-value

OS
Oropharynx
Non-oropharynx

158
120

156
126

0.89 (0.62-1.28)
0.68 (0.47-0.99)

0.527
0.043

PFS
Oropharynx
Non-oropharynx

158
120

156
126

0.89 (0.64-1.24)
0.67 (0.48-0.94)

0.504
0.022

0.4
1
1.6
Favors TPF/CRT
Favors CRT alone

Fig. 3. Subgroup analysis for OS and PFS according to the primary tumor location. TPF, docetaxel, cisplatin, and 5-fluorouracil; CRT, concurrent chemoradiotherapy; HR, hazard ratio; CI, confidence interval; OS, overall survival; PFS, progression-free survival.

4. Response rates

6. Toxicity profiles

Data for ORR were extractable from five [9,11,13,15,22] of
six trials, and comprised 991 patients (Fig. 4A). The trial conducted by Haddad et al. [10] did not report data for response
rate. An overall response was observed in 439 of 499 patients
in the TPF/CRT arms, and 409 of 492 patients in the CRT
arms, resulting in a RR of 0.99 (95% CI, 0.94 to 1.05; p=0.858).
Heterogeneity was not statistically significant (!2=1.71, df=4
[p=0.780]; I2=0.0%). These data do not support a significant
overall response advantage for the patients receiving
TPF/CRT instead of CRT. Complete response was observed
in 223 of 499 patients in the TPF/CRT arms, and 162 of 492
patients in the CRT arms (Fig. 4B), resulting in a RR of 1.34
(95% CI, 1.14 to 1.56; p < 0.001). Despite statistically significant heterogeneity (!2=9.68, df=4 [p=0.046]; I2=58.7%), the
beneficial effect of TPF/CRT in CRR was consistent in the
same analysis performed using a random-effect model (RR,
1.30; 95% CI, 1.01 to 1.67; p=0.046).

The hematologic and nonhematologic AEs were assessed
during CRT periods in five of six trials (Supplementary
Fig. S1) [9,11,13,15,22]. The trial conducted by Haddad et al.
[10] did not report toxicity profiles during the CRT period,
instead they reported toxicity profiles for the entire period
(both the IC and CRT periods) of treatment. Patients undergoing TPF/CRT had a higher risk of developing grade 3-4
neutropenia compared with those undergoing CRT alone
(RR, 1.75; 95% CI, 1.20 to 2.56; p=0.004). Grade 3-4 anemia
and thrombocytopenia were significantly increased in the
TPF/CRT arms compared to the CRT arms, with RRs 1.95
(95% CI, 1.02 to 3.75; p=0.045) and 2.40 (95% CI, 1.17 to 4.90;
p=0.017), respectively. Differences in the rates of grade 3-4
nonhematologic AEs in the two treatment arms were not statistically significant.

5. Relapse rates

Data on the proportion of patients who did not complete
CRT among those who were assigned in each treatment arm
were available from all included trials [9-11,13,15,22]. Of 651
patients in the TPF/CRT arms, 173 patients failed to complete CRT (Fig. 5). In the CRT arms to which 629 patients
were assigned, 101 patients failed to complete CRT. The
pooled RR was 1.63 (95% CI, 1.32 to 2.02; p < 0.001). The heterogeneity was not statistically significant by !2 and I2 testing
(!2=5.42, df=5 [p=0.366]; I2=7.8%).

Data on DMR and LRR were available from two of 6 trials,
comprising 418 patients [9,11]. Among the 208 patients in the
TPF/CRT arms, there were 24 distant metastases, and among
the 210 patients in the CRT arm, 37 distant metastases,
resulting in a RR of 0.65 (95% CI, 0.40 to 1.04; p=0.071).
Among 208 patients in the TPF/CRT arms, 25 locoregional
events occurred, and among the 210 patients in the CRT
arms, 28 events, resulting in a RR of 0.91 (95% CI, 0.55 to 1.50;
p=0.704).
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7. Risk of failure to complete CRT
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A

No. of patients
TPF/CRT
CRT

Author

ORR

RR (95% CI) Weight (%)

Cohen et al. (2014) [9]

92/117

90/122

1.07 (0.92-1.23)

21.44

Paccagnella et al. (2010) [22]

36/46

39/47

0.94 (0.77-1.15)

9.39

Hitt et al. (2014) [11]

115/132

95/105

0.96 (0.88-1.05)

25.75

Ghi et al. (2014) [13]

146/177

154/185

0.99 (0.90-1.09)

36.64

25/27

31/33

0.99 (0.86-1.13)

6.79

0.99 (0.94-1.05)

100.00

Takacsi-Nagy et al. (2015) [15]
Overall

Heterogeneity: X =1.71, df=4 (p=0.789); I =0.0%
Test for overall effect: z=0.18, p=0.858
2

2

0.7

Author

No. of patients
TPF/CRT
CRT

1

1.3

B
RR (95% CI) Weight (%)

CRR

Cohen et al. (2014) [9]

30/117

26/122

1.20 (0.76-1.91)

15.55

Paccagnella et al. (2010) [22]

24/46

10/47

2.35 (1.26-4.37)

6.04

Hitt et al. (2014) [11]

76/132

51/105

1.19 (0.93-1.51)

34.70

Ghi et al. (2014) [13]

77/177

52/185

1.55 (1.16-2.06)

31.06

Takacsi-Nagy et al. (2015) [15]

17/27

23/33

0.90 (0.63-1.30)

12.64

1.34 (1.14-1.56)

100.00

Overall
Heterogeneity: X2=9.68, df=4 (p=0.046); I2=58.7%
Test for overall effect: z=3.65, p < 0.001
0.5
1
Favors CRT alone
Favors TPF/CRT

4.5

Fig. 4. Relative risks for ORR (A) and CRR (B) from the trials with available data. TPF, docetaxel, cisplatin, and 5-fluorouracil;
CRT, concurrent chemoradiotherapy; ORR, overall response rate; RR, relative risk; CI, confidence interval; df, degrees of
freedom; CRR, complete response rate.
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Author

Events/No. of patients
CRT
TPF/CRT

RR (95% CI) Weight (%)

Haddad et al. (2013) [10]

14/70

9/75

1.67 (0.77-3.60)

8.45

Cohen et al. (2014) [9]

16/138

5/135

3.13 (1.18-8.31)

4.91

Paccagnella et al. (2010) [22]a)

10/50

6/51

1.70 (0.67-4.33)

5.78

Hitt et al. (2014) [11]b)

67/155

31/128

1.78 (1.25-2.55)

33.01

Ghi et al. (2014) [13]c)

48/208

32/207

1.49 (1.00-2.24)

31.18

Takacsi-Nagy et al. (2015) [15]

18/30

18/33

1.10 (0.72-1.69)

16.67

1.63 (1.32-2.02)

100.00

Overall
Heterogeneity: X2=5.42, df=5 (p=0.366); I2=7.8%
Test for overall effect: z=4.53, p < 0.001
0.5
1
Favors TPF/CRT
Favors CRT alone

10

Fig. 5. Forest plot of relative risk for failure of completing chemoradiotherapy. TPF, docetaxel, cisplatin, and 5-fluorouracil;
CRT, concurrent chemoradiotherapy; RR, relative risk; df, degrees of freedom; CI, confidence interval; PF, cisplatin and
5-fluorouracil. a)Patients who did not complete two cycles of PF during CRT were considered to have failed completion of
CRT, b)Among 155 patients in the TPF/CRT arm, 28 patients discontinued before the third cycle of TPF and 19 patients discontinued after the third cycle of TPF but before CRT. In addition, 18 patients discontinued during the CRT period. Among
128 patients in the CRT arm, ten patients did not receive treatment, and 21 patients discontinued during the CRT period,
c)
Patients who did not complete two cycles of PF or cetuximab for 7 weeks were considered to have failed completion of
CRT.

8. Assessment of risk of bias
The risk of bias in the six eligible studies was assessed
using the risk assessment tool provided by the Cochrane Collaboration’s tool (Supplementary Table 3) [16]. The adequacy
of blinding was one of the most important aspects in the
assessment of survival outcome. For all included studies
[9-11,13,15,22], the study participants and staff could not be
blinded with regard to whether or not a participant had
received IC. In addition, there was insufficient information
about whether the treatment outcomes were evaluated by a
third assessor who did not know the treatment group of the
patient for all included studies. The trial conducted by Ghi
et al. [13], which is the most recent and largest, has not yet
been published. Therefore, the possibility of selective reporting could not be excluded.
9. Assessment of publication bias
Funnel plot analyses were performed (Supplementary
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Fig. S2). However, because only six trials were analyzed in
this meta-analysis the risk of publication bias in the included
studies cannot be assessed.

Discussion
A regimen of TPF has emerged as the standard IC regimen
for LA-HNSCC patients on the basis of phase 3 studies and
a meta-analysis [5-8]. However, the question of whether the
addition of TPF to CRT improves the results compared with
administration of CRT alone has not yet been determined. In
this meta-analysis of six trials enrolling a total of 1,280
patients with LA-HNSCC, IC with TPF followed by CRT was
not superior to CRT alone for OS. However, patients undergoing TPF/CRT showed significantly better PFS. In particular, patients with non-oropharyngeal LA-HNSCC obtained
the most benefit from TPF/CRT with statistically significant

Ryul Kim, Role of Induction Chemotherapy in LA-HNSCC

improvements in OS and PFS.
The outcome of LA-HNSCC has recently shown significant
improvement, particularly for patients with oropharyngeal
LA-HNSCC [23]. This improvement is due at least in part to
the increasing incidence of human papillomavirus, which
renders oropharyngeal LA-HNSCC more responsive to CRT
[24]. Therefore, oropharyngeal LA-HNSCC patients who
underwent CRT might have shown favorable prognosis
regardless of the addition of IC with TPF/CRT. In contrast
to oropharyneal LA-HNSCC, the outcome of non-oropharyngeal LA-HNSCC only trended toward improvement for
decades. However, our results suggested that the outcome
could be improved by IC with TPF/CRT.
Visual inspection of the forest plot for OS showed that the
trial conducted by Takacsi-Nagy et al. [15] distinctly reported
poorer OS compared with the other studies. This dismal outcome can be explained by the lower total dosages used for
IC compared to the other trials (with the exception of the
DeCIDE trial), and the relatively high incidence of T4 tumors
[15]. In addition, patients were not stratified according to primary tumor site during randomization in this trial, resulting
in a lower proportion of non-oropharyngeal LA-HNSCC
patients in the TPF/CRT arm than in the CRT arm. Because
our subgroup analysis found that patients with non-oropharyngeal LA-HNSCC obtained the most benefit from
TPF/CRT, the discrepancy in types of patients in the two
arms of their trial also contributed to the poorer OS of
patients in the TPF/CRT arm.
Significant improvement was not observed in the ORR of
patients receiving TPF/CRT, but was seen for their CRR,
compared to patients who received CRT only. In addition, as
previously reported [3,4], TPF/CRT tended to reduce the
DMR. However, patients treated with prior TPF were at significantly higher risk of failure to complete CRT compared
to those treated with CRT alone. Finally, in the analysis of
toxicity profiles, in comparison of AEs occurring during CRT
in the TPF/CRT arms with those in the CRT arms, there was
a significant increase in risk of grade 3-4 hematologic AEs,
including anemia, thrombocytopenia, and neutropenia, as
opposed to nonhematologic AEs. This study has several limitations. First, this meta-analysis did not include data on
individual patients; therefore, it was not possible to adjust
treatment effects according to primary site, differences of
dose and schedule of TPF and CRT regimen, and patient
variables such as infection with human papillomavirus.
Second, only a small number of trials (2 of 6 [10,13]) were
included in the subgroup analysis; therefore the statistical
power of that analysis was low. Our requests for missing
data for subgroup analysis from the investigators of each
article were rejected or we received no response. Third, the
trial conducted by Ghi et al. [13], which is the most recent
and largest, has not yet been formally published. Therefore,

their final results should be checked against the results in
their abstract. Nevertheless, our study synthesized all of the
current evidence, and, to the best of our knowledge, is the
largest meta-analysis to date that addressed an important
clinical issue, the effect of TPF followed by CRT on patients
with LA-HNSCC. Unlike the prior meta-analysis conducted
by Zhang et al. [14], our study was confined to the IC TPF
regimen, which is regarded as the standard regimen, and our
study included the most recent and largest trials [13,15].

Conclusion
With the best current available evidence, the results of this
meta-analysis demonstrated that IC using TPF followed by
CRT for patients with LA-HNSCC did not improve OS.
However, PFS and CRR were significantly improved by
TPF/CRT. Distinct survival advantages were observed in
patients with non-oropharyngeal LA-HNSCC. Therefore,
prudent selection of patients who could most benefit
from TPF/CRT should lead to improved outcomes for
LA-HNSCC patients. An extensive prospective randomized
study, assessing the subpopulations of LA-HNSCC patients
who would most benefit from TPF/CRT compared to CRT
alone, is warranted.
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The Role of Neoadjuvant Chemotherapy in the Treatment of
Nasopharyngeal Carcinoma: A Multi-institutional Retrospective Study
(KROG 11-06) Using Propensity Score Matching Analysis
Purpose
We compared the treatment results and toxicity in nasopharyngeal carcinoma (NPC) patients
treated with concurrent chemotherapy (CCRT) alone (the CRT arm) or neoadjuvant
chemotherapy followed by CCRT (the NCT arm).
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Materials and Methods
A multi-institutional retrospective study was conducted to review NPC patterns of care and
treatment outcome. Data of 568 NPC patients treated by CCRT alone or by neoadjuvant
chemotherapy followed by CCRT were collected from 15 institutions. Patients in both treatment arms were matched using the propensity score matching method, and the clinical
outcomes were analyzed.
Results
After matching, 300 patients (150 patients in each group) were selected for analysis. Higher
5-year locoregional failure-free survival was observed in the CRT arm (85% vs. 72%,
p=0.014). No significant differences in distant failure-free survival (DFFS), disease-free survival (DFS), and overall survival were observed between groups. In subgroup analysis, the
NCT arm showed superior DFFS and DFS in stage IV patients younger than 60 years. No
significant difference in compliance and toxicity was observed between groups, except the
radiation therapy duration was slightly shorter in the CRT arm (50.0 days vs. 53.9 days,
p=0.018).
Conclusion
This study did not show the superiority of NCT followed by CCRT over CCRT alone. Because
NCT could increase the risk of locoregional recurrences, it can only be considered in
selected young patients with advanced stage IV disease. The role of NCT remains to be
defined and should not be viewed as the standard of care.
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of the paper.

+ Correspondence:
+ + + + + + +Yeon
+ +Sil+ Kim,
+ + MD
+++
+ Department
+ + + + +of+Radiation
+ + + +Oncology,
+++++
+ Seoul
+ + +St.+Mary’s
+ + +Hospital,
++++++++
+ College
+ + + of+ Medicine,
+ + + + The
+++++++
+ + + + + + + + + + +Catholic
+++++
+ University
+ + + + of
+ Korea,
+ + + 222
+ +Banpo-daero,
+++++
+ Seocho-gu,
+ + + + +Seoul
+ +06591,
+ + +Korea
+++++
+ Tel:
+ +82-2-2258-1501
+++++++++++++
+ Fax:
+ +82-2-2258-1532
+++++++++++++
+ E-mail:
+ + + yeonkim7@catholic.ac.kr
++++++++++++
++++++++++++++++
+ Received
+ + + +July
+ +20,+ 2015
++++++++
+ Accepted
+ + + + November
+ + + + +27,+2015
+++++
+ Published
+ + + + Online
+ + + December
+ + + + 28,
+ +2015
++
++++++++++++++++
│ http://www.e-crt.org │

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

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

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

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

Key words
Nasopharyngeal neoplasms, Chemoradiotherapy,
Induction chemotherapy, Radiotherapy, Republic of Korea

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

917

Cancer Res Treat. 2016;48(3):917-927

Introduction
Nasopharyngeal carcinoma (NPC) is a relatively rare disease in South Korea, and accounts for 7.2% to 23.1% of head
and neck cancers [1,2]. According to the Korean National
Cancer Registry Report in 2011, its incidence in South Korea
was 0.8 per 100,000 [3], lower than in endemic areas, such as
southern China, southeast Asia, and north Africa, but higher
than that of Western countries [2,4]. NPC in endemic areas
differs from Western NPC in that more than 90% of patients
have non-keratinizing and undifferentiated carcinoma,
which is more frequently related to Epstein-Barr virus (EBV)
[1]. Although South Korea is a non-endemic area, some clinicopathologic characteristics of NPC are shared with NPC in
endemic areas, including strong relation with EBV and a
lower prevalence of keratinizing carcinoma than in Western
countries [1,2].
NPC is usually considered unresectable because of its
anatomical location, thus radiation therapy (RT) plays a
major role in its treatment [5,6]. The current standard treatment strategy for locally advanced NPC is concurrent
chemoradiotherapy (CCRT) with or without adjuvant chemotherapy, which was determined based on the superior
results of randomized trials comparing RT alone and CCRT
[7-9]. However, even when treated with CCRT, 3-year progression-free survival (PFS) is still only around 70% [7,8].
Recent advances in RT technology, such as intensity-modulated radiation therapy (IMRT), make it possible to increase
the radiation dose with the same or lower toxicity and
achieve higher local control rates [5,10]. In addition, because
of the high rate of distant metastasis in NPC patients, there
is a resurgence of interest in adjuvant and neoadjuvant chemotherapy (NCT) for advanced NPC in combination with
CCRT. However, because of the diverse chemotherapy regimens, schedules, and mixed results reported, it is difficult
to determine whether adjuvant chemotherapy or NCT can
improve treatment outcome in NPC [5,11-16].
In this study, we compared the treatment results and toxicities of CCRT alone (CRT arm) and NCT followed by CCRT
(NCT arm) in primary NPC patients.

Materials and Methods

was conducted through the Head and Neck Committee of
Korean Society of Radiation Oncology (KOSRO). Data of
1474 primary NPC patients treated at 15 institutions in South
Korea between September 1988 and October 2011 were collected. Clinical and pathological data were collected from
medical records. All patients satisfied the following criteria:
(1) biopsy-proven NPC; (2) stage I to IVb according to the
American Joint Committee on Cancer (AJCC) cancer staging,
6th edition; (3) age over 18 years; and (4) Eastern Cooperative
Oncology Group system (ECOG) performance status (PS)
! 2. Patients who had undergone previous surgery, radiotherapy to the head and neck, and those with distant metastasis before treatment initiation were excluded.
Prior to patient enrollment, institutional review board
approval was obtained at each participating center and data
were transferred to the KROG Data Center (National Cancer
Center, Goyang, Korea). Radiotherapy, chemotherapy, toxicity, recurrence, and survival reports of all patients were
reviewed according to a centralized quality-assurance program.
For this study, we selected 583 patients who satisfied the
following inclusion criteria: (1) stage II to IVb by the AJCC
cancer staging, 6th edition; (2) treated by CCRT alone or NCT
followed by CCRT; and (3) non-receipt of any type of adjuvant chemotherapy after CCRT. Of these 583 patients, 15
patients with insufficient data for analysis of treatment outcome were excluded. The remaining 568 patients were finally
included in the analysis, 380 patients were included in the
CRT arm and 188 patients in the NCT arm.
2. Patient selection using the propensity score matching
method
Because parts of the baseline characteristics between the
CRT and NCT arm were statistically different, including histologic type, hospital size, and RT techniques (Table 1), the
propensity score matching (PSM) method was used to control the imbalance. Nine covariates were entered in the
propensity model, including age, sex, hospital size, ECOG
PS, histologic type, T stage, N stage, RT technique, and the
CCRT regimen. Propensity scores were calculated using a
non-parsimonious multivariable logistic regression model to
estimate the conditional probability. Then a 1:1 match
between the CRT and NCT arm was performed using the
nearest available neighbor matching. After PSM, 150 pairs of
patients were matched successfully, and 300 patients were
included for analysis.

1. Patients
3. Study endpoints and statistical analysis
To review the NPC patterns of care and treatment outcomes in South Korea, a multi-institutional retrospective
study (Korean Radiation Oncology Group [KROG] 11-06)
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We analyzed the patients and treatment characteristics,
compliances, toxicities, and treatment outcomes. Histologic
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Table 1. Baseline patient characteristics in the pre- and post-propensity score matching cohort
Characteristic
Sex
Male
Female
Age
Median (range, yr)
Mean±SD
ECOG PS
0
1
2
WHO histology
I
IIa
IIb
Not classified
T stage
1
2
3
4
N stage
0
1
2
3
AJCC stage
II
III
IV
Hospital size
Large
Small
RT method
Non-IMRT
IMRT
CRT regimen
Cisplatin alone
Combined
NCT regimen
FP
F or P+taxane
FP+taxane
Other

Before propensity score matching
CRT (n=380)
266 (70.0)
114 (30.0)
52 (19-86)
51.4±13.1

NCT (n=188)
144 (76.6)
44 (23.4)
50 (20-73)
50.0±12.1

p-value

After propensity score matching
CRT (n=150)

0.099

111 (74.0)
39 (26.0)

0.223

51.5 (19-77)
50.8±13.2

NCT (n=150)
111 (74.0)
39 (26.0)
50 (19-72)
50.5±11.6

p-value
> 0.999

0.648

65 (17.1)
303 (79.7)
12 (3.2)

34 (18.1)
151 (80.3)
3 (1.6)

0.539

27 (18.0)
119 (79.3)
4 (2.7)

25 (16.7)
122 (81.3)
3 (2.0)

0.963

77 (20.3)
108 (28.4)
187 (49.2)
8 (2.1)

17 (9.0)
75 (39.9)
84 (44.7)
12 (6.4)

< 0.001

15 (10.0)
59 (39.3)
70 (46.7)
6 (4.0)

17 (11.3)
58 (38.7)
71 (47.3)
4 (2.7)

0.502

95 (25.0)
102 (26.8)
86 (22.6)
97 (25.5)

54 (28.7)
39 (20.7)
39 (20.7)
56 (29.8)

0.308

38 (25.3)
34 (22.7)
36 (24.0)
42 (28.0)

40 (26.7)
34 (22.7)
35 (23.3)
41 (27.3)

0.389

44 (11.6)
104 (27.4)
172 (45.3)
60 (15.8)

16 (8.5)
50 (26.6)
98 (52.1)
24 (12.8)

0.366

15 (10.0)
42 (28.0)
71 (47.3)
22 (14.7)

13 (8.7)
41 (27.3)
75 (50.0)
21 (14.0)

0.410

38 (10.0)
194 (51.1)
148 (38.9)

13 (6.9)
99 (52.7)
76 (40.4)

0.480

14 (9.3)
77 (51.3)
59 (39.3)

12 (8.0)
79 (52.7)
59 (39.3)

0.914

264 (69.5)
116 (30.5)

104 (55.3)
84 (44.7)

0.001

97 (64.7)
53 (35.3)

93 (62.0)
57 (38.0)

0.637

231 (60.8)
149 (39.2)

63 (33.5)
125 (66.5)

< 0.001

52 (34.7)
98 (65.3)

57 (38.0)
93 (62.0)

0.456

322 (84.7)
58 (15.3)

159 (84.6)
29 (15.4)

0.883

131 (87.3)
19 (12.7)

126 (84.0)
24 (16.0)

0.411

36 (19.1)
64 (34.0)
78 (41.4)
10 (5.3)

N/A

32 (21.3)
61 (40.7)
48 (32.0)
9 (6.0)

N/A

-

-

Values are presented as number (%) unless otherwise indicated. CRT, concurrent chemoradiotherapy arm; NCT, neoadjuvant
chemotherapy arm; SD, standard deviation; ECOG PS, Eastern Cooperative Oncology Group performance status; WHO,
World Health Organization; AJCC, American Joint Committee on Cancer; RT, radiation therapy; IMRT, intensity-modulated
radiotherapy; F, 5-fluorouracil; P, cisplatin; N/A, not assessed.
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type was defined according to the World Health Organization (WHO) classification 2005 [17]. Tumor responses were
recorded according to WHO criteria [18]. Acute and late
treatment toxicities were assessed using the National Cancer
Institute’s Common Terminology Criteria for Adverse
Events (CTCAE) ver. 3.0 [19]. Only the incidences of toxicities
! grade 3 were recorded.
Overall survival (OS) was defined as the time from pathologic diagnosis of NPC to any cause of death; all deaths from
any cause were counted as events and patients who
remained alive were treated as censored at the date of last
follow-up. Disease-free survival (DFS) was defined as time
from pathologic diagnosis to time of first failure at any site
or any death. Locoregional failure-free survival (LRFFS) and
distant failure-free survival (DFFS) were also analyzed, and
were defined as any recurrence in the nasopharyngeal
and/or cervical region or any failure at a distant site. Survival proportions were estimated using the Kaplan-Meier
method.
Standardized differences were estimated for all baseline
covariates before and after matching to assess pre-match
imbalance and post-match balance. In the matched data,
paired comparisons were performed using McNemar’s test
for binary variables and Wilcoxon signed rank test for continuous variables. The log-rank test and the Cox proportional
hazards model were used to identify prognostic factors independently associated with survival and to estimate hazard
ratios (HR). Two-sided p-values of < 0.05 were considered
statistically significant. Statistical analyses were performed
using the software package SPSS ver. 21.0 (SPSS Inc.,
Chicago, IL) or R software ver. 2.15.3 (R Foundation for Statistical Computing, Vienna, Austria; http://www.r-project.
org).

Results

average number of daily treated RT patients is under 100.
After PSM, patients were evenly distributed, and 191 patients
(63.7%) were treated with IMRT. The most commonly used
chemotherapy regimen during the CCRT was cisplatin alone
for 257 patients (85.7%). During NCT, taxane combined with
cisplatin or 5-fluorouracil (5-FU), or both was most frequently used in 109 patients (62.7%). The other 41 patients
(27.3%) received a non-taxane containing regimen during
NCT.
2. Response and survival
Tumor response data were collected only after completion
of CCRT, and not after completion of NCT. It was evaluated
in 290 patients (96.7%) after median 1.4 months follow-up
(range, 0.1 to 39.0 months), and showed similar results
between groups with no statistical difference (p=0.180).
Complete response was achieved in 87 patients (60.0%) in the
CRT arm, and 92 patients (63.4%) in the NCT arm. Objective
response (complete or partial response) was achieved in 140
patients (96.6%) in the CRT arm, and 142 patients (97.9%) in
the NCT arm. Progressive disease was found in two patients
(1.4%), and both patients were in the NCT arm and had stage
IV disease.
The OS, DFS, LRFFS, and DFFS between treatment arms
are shown in Fig. 1 after a median follow-up of 35.9 months
(range, 6.4 to 18.2 months) in the CRT arm, and 33.8 months
(range, 6.4 to 152.6 months) in the NCT arm. The 5-year
LRFFS was 85% in the CRT arm and 72% in the NCT arm,
which was a statistically significant difference (p=0.014).
Compared to LRFFS, lower 5-year DFFS was observed in the
CRT arm compared with the NCT arm (65% vs. 76%); however, it was not statistically significant (p=0.390). No difference in OS and DFS was observed between the CRT and
NCT arm. The 5-year OS and DFS were 72.1%, 52.2% in the
CRT arm, and 81.1%, 57.1% in the NCT arm, respectively
(p=0.340 and p=0.978, respectively).
3. Prognostic factors affecting survival

1. Patients and treatment characteristics
A summary of patient and treatment characteristics before
and after PSM is shown in Table 1. Of 300 patients selected
after PSM, there were 222 male patients (74.0%) with a
median age of 51 years (range, 19 to 77 years). The ECOG PS
were 0-1 in 293 patients (97.6%), and 2 in only seven patients
(2.3%). WHO type I (keratinizing carcinoma) tumors were
found in 32 patients (10.7%), and were evenly distributed
after PSM. The AJCC tumor stage was II in 26 patients (8.7%),
III in 156 patients (52.0%), and IV in 118 patients (39.3%).
More patients in the NCT arm were treated with IMRT at
small hospitals before PSM of which "small" means the
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The results of multivariate analysis of the prognostic factors on survival are shown in Table 2. The T and N stage
were significant factors affecting the survival. The T stage
affected not only the LRFFS but also the DFFS, DFS, and OS,
while the N-stage affected the DFFS and DFS only. The difference of LRFFS between treatment arms also showed statistical significance in multivariate analysis with HR of 2.21
(95% confidence interval [CI], 1.19 to 4.12; p=0.012). Other
factors including sex, ECOG PS, WHO histology, and RT
method did not show statistical significance in multivariate
analysis.
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Fig. 1. Overall survival (OS) (A), disease-free survival (DFS) (B), locoregional failure-free survival (LRFFS) (C), and distant
failure-free survival (DFFS) (D) curves for the concurrent chemoradiotherapy arm (CRT) and neoadjuvant chemotherapy
arm (NCT) arms in the propensity-matched cohort.

4. Subgroup analysis
In subgroup analysis by sex (male vs. female), PS (ECOG
0-1 vs. 2), histology (WHO type I vs. type II), the results of
survival outcome between the CRT and NCT arm were similar. However, the results were different in AJCC stage IV
subgroup and in patients younger than 60 years (Table 3). In

AJCC stage IV patients (59 patients in each arm), the LRFFS,
PFS, and OS did not differ between two arms. However, better 5-year DFFS was observed in the NCT arm compared to
the CRT arm (47.3% vs. 75.8%) even though it did not reach
statistical significance (p=0.088). In young patients under 60
years, no negative effect of NCT on LRFFS was observed
(p=0.314). Therefore, in patients younger than 60 years with
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Table 2. Multivariate analysis of prognostic factors in the propensity-matched cohort
Factor
Treatment arm (CRT vs. NCT)
Sex (male vs. female)
Age (< 60 yr vs. ! 60 yr)
ECOG PS (0-1 vs. 2)
WHO histology (I vs. II)
T stage (1-2 vs. 3-4)
N stage (0-1 vs. 2-3)
RT method (non-IMRT vs. IMRT)

Overall survival
Adjust HR

p-value

0.74 (0.53-1.30)
1.46 (0.7-2.75)
1.02 (1.00-1.05)
0.63 (0.08-4.91)
1.32 (0.55-3.19)
2.54 (1.38-4.70)
1.56 (0.85-2.89)
0.93 (0.52-1.69)

0.297
0.246
0.087
0.662
0.535
0.003
0.153
0.819

Disease-free survival
Adjust HR

p-value

Locoregional
failure-free survival
Adjust HR

1.02 (0.70-1.47) 0.939 2.21 (1.19-4.12)
0.90 (0.58-1.41) 0.648 1.25 (0.65-2.42)
1.01 (0.99-1.03) 0.258 1.03 (1.00-1.05)
1.26 (0.45-3.55) 0.662 2.13 (0.48-9.48)
1.21 (0.68-2.15) 0.528 1.10 (0.45-2.67)
2.28 (1.53-3.39) < 0.001 2.16 (1.16-4.01)
2.00 (1.30-3.08) 0.002 1.47 (0.76-2.82)
1.00 (0.67-1.49) 0.996 0.99 (0.53-1.85)

Distant
failure-free survival

p-value

Adjust HR

p-value

0.012
0.503
0.069
0.319
0.830
0.015
0.252
0.970

0.84 (0.52-1.38)
0.61 (0.31-1.18)
1.00 (0.98-1.02)
0.92 (0.22-3.90)
1.81 (0.76-4.30)
2.11 (1.26-3.53)
2.30 (1.29-4.10)
0.94 (0.56-1.58)

0.844
0.140
0.841
0.913
0.180
0.005
0.005
0.821

HR, hazard ratio; CRT, concurrent chemoradiotherapy arm; NCT, neoadjuvant chemotherapy arm; ECOG PS, Eastern
Cooperative Oncology Group performance status; WHO, World Health Organization; RT, radiation therapy; IMRT, intensity-modulated radiotherapy.

Table 3. Subgroup analysis by prognostic factors in the propensity-matched cohort
Factor (CRT vs. NCT arm)

Overall survival
Adjust HR

Age
< 60 yr (116 vs. 110)
! 60 yr (44 vs. 40)
AJCC stage
II-III (91 vs. 91)
IV (59 vs. 59)
Age < 60 yr and
AJCC stage IV (44 vs. 46)

Disease-free survival

p-value

Adjust HR

p-value

Locoregional
failure-free survival

Distant
failure-free survival

Adjust HR

Adjust HR

p-value

p-value

0.78 (0.38-1.58) 0.486 0.79 (0.50-1.24) 0.302 1.48 (0.69-3.19) 0.314 0.64 (0.36-1.15) 0.138
0.80 (0.32-2.02) 0.804 1.65 (0.85-3.21) 0.138 4.04 (1.33-12.26) 0.014 1.48 (0.58-3.76) 0.407
0.45 (1.67-1.21) 0.116 1.28 (0.74-2.19) 0.378 3.34 (1.33-8.37) 0.010 1.06 (0.53-2.11) 0.873
1.08 (0.53-2.16) 0.840 0.80 (0.47-1.34) 0.390 1.49 (0.62-3.57) 0.377 0.54 (0.27-1.09) 0.088
0.81 (0.33-2.02) 0.652 0.56 (0.30-1.02) 0.058 1.06 (0.36-3.08) 0.918 0.46 (0.21-0.99) 0.049

CRT, concurrent chemoradiotherapy arm; NCT, neoadjuvant chemotherapy arm; HR, hazard ratio; AJCC, American Joint
Committee on Cancer.

AJCC stage IV disease, the adjusted HR for DFFS was 0.46
(95% CI, 0.21 to 0.99; p=0.049). The DFS also favored NCT
arms in these patients with HR of 0.56 (95% CI, 0.30 to 1.02)
with marginal significance (p=0.058). However, the OS was
not different. The survival outcomes of these patients are
shown in Fig. 2.
5. Compliance and toxicity
Because only patients who had completed their RT schedule were selected after PSM, the compliance was analyzed
on the whole patient cohort and is shown in Table 4. Of the
568 patients, 15 patients (2.6%) did not receive the planned
RT dose and treatment was interrupted. Seven of these 15
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patients were in the CRT arm, and eight were in the NCT
arm. A higher percentage was observed in the NCT arm
(4.3% vs. 1.8%), but without statistical significance (p=0.091).
The reasons for RT interruption were poor general condition
(9 patients), severe mucositis (2 patients), patient refusal
(2 patients), and renal failure (1 patient). Durations of RT
were similar in the two arms with an average of 53.5 days in
the CRT arm and 52.8 days in the NCT arm for the entire
cohort (p=0.621). However, in the PSM cohort, the average
RT duration was 3.9 days longer in the NCT arm (50.0 vs.
53.9 days, p=0.018).
The chemotherapy schedule during CCRT was interrupted
in 94 patients (16.5%), 61 patients in the CRT arm and 33
patients in the NCT arm. Chemotherapy tolerance during

Jin Ho Song, Neoadjuvant Chemotherapy in Nasopharyngeal Carcinoma

B

1.0

1.0

0.8

0.8
Survival rate

Survival rate

A

0.6
0.4

5-Yr OS
CRT: 69%
NCT: 76%

0.2
0

No. at risk
CRT 44
NCT 46

12

24

36

48

60

0

72

Time (mo)
37
44

28
34

0.4

5-Yr DFS
CRT: 30%
NCT: 58%

0.2

p=0.535

0

0.6

20
21

14
17

8
13

p=0.053

0

No. at risk
CRT 44
NCT 46

6
9

12

24

36

48

60

72

4
9

4
7

Time (mo)
27
40

21
23

12
14

9
11

D

1.0

1.0

0.8

0.8
Survival rate

Survival rate

C

0.6
0.4

5-Yr LRFFS
CRT: 75%
NCT: 82%

0.2
0

No. at risk
CRT 44
NCT 46

12

24

36

48

60

72

Time (mo)
36
43

27
28

0.4

5-Yr DFFS
CRT: 44%
NCT: 75%

0.2

p=0.801

0

0.6

17
18

12
15

7
13

5
9

0

p=0.043

0

No. at risk
CRT 44
NCT 46

12

24

36

48

60

72

5
9

5
7

Time (mo)
29
41

22
28

15
17

11
13

Fig. 2. Overall survival (OS) (A), disease-free survival (DFS) (B), locoregional failure-free survival (LRFFS) (C), and distant
failure-free survival (DFFS) (D) curves for the concurrent chemoradiotherapy arm (CRT) and neoadjuvant chemotherapy
arm (NCT) arms in subgroup with stage IV disease patients younger than 60 years.

CCRT was similar in the two arms for any chemotherapy
regimen (Table 4). Five patients (2.7%) received only one
cycle of the planned NCT course because of no response or
progression in four patients and nephrotoxicity in one.
Acute and late toxicities are shown in Table 5. Toxicity was
analyzed in the PSM cohort to balance the use of IMRT and
the difference of chemotherapy regimen. The most frequent

! grade 3 acute toxicities were neutropenia and mucositis.
Incidences of ! grade 3 acute toxicity showed no difference
between the treatment arms. However, higher incidence of
! grade 4 hematologic toxicity was observed in the NCT arm
(3.3% vs. 0.7%). The most frequent late toxicity was xerostomia, followed by soft tissue fibrosis, radiation necrosis, and
ototoxicity. However, the most fatal toxicities were radiation
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Table 4. Radiotherapy and chemotherapy compliance in the entire cohort
Type of treatment
Radiation interruption
Duration, mean (range, day)
Entire cohort
PSM cohort
Chemotherapy during CRT
Total interruption
Cisplatin weekly
1-4 cycles
! 5 cycles
Cisplatin, every 3 wk
1 cycle
! 2 cycles
Platinum+5-FU or taxane
1-2 cycles
! 3 cycles
Chemotherapy during NCT
1 cycle
2 cycles
! 3 cycles

CRT (n=380)

NCT (n=188)

p-value

7 (1.8)

8 (4.3)

0.091

53.5 (17-165)
50.0 (31-98)

52.8 (13-158)
53.9 (34-117)

0.621
0.018

61 (16.1)

33 (17.6)

0.651

24 (18.8)
104 (81.2)

23 (21.9)
82 (78.1)

0.550

17 (8.9)
174 (91.1)

3 (5.7)
50 (94.3)

0.447

15 (40.5)
22 (59.5)

5 (35.7)
9 (64.3)

0.752

-

5 (2.7)
35 (22.9)
148 (77.1)

-

Values are presented as number (%) unless otherwise indicated. CRT, concurrent chemoradiotherapy arm; NCT, neoadjuvant
chemotherapy arm; PSM, propensity score matching; 5-FU, 5-fluorouracil.

Table 5. Grade 3 or higher acute and late toxicity in the propensity-matched cohort
Type of toxicity
Acute toxicity (grade 3/4)
Hematologic
Grade 3
Grade 4
Anorexia/Nausea/Vomiting
Mucositis/Odynophagia
Dermatitis
Xerostomia
Any acute toxicity
Late toxicity (grade 3/4)
Soft tissue fibrosis
Radionecrosis/Neuropathy
Xerostomia
Ototoxicity
Any late toxicity
Grade 5 toxicity
Radionecrosis/Neuropathy
Neutropenia/Infection
Not reported
Any grade 5 toxicity

CRT (n=150)

NCT (n=150)

p-value

17 (11.3)
1 (0.7)
5 (3.3)
27 (18.0)
4 (2.7)
4 (2.7)
57 (38.0)

18 (12.0)
5 (3.3)
2 (1.3)
29 (19.3)
6 (4.0)
4 (2.7)
59 (39.3)

0.857
0.214
0.448
0.767
0.750
> 0.999
0.813

5 (3.3)
2 (1.3)
6 (4.0)
1 (0.7)
14 (9.3)

3 (2.0)
1 (0.7)
7 (4.7)
2 (1.3)
13 (8.7)

0.723
> 0.999
0.777
> 0.999
0.840

0(
1 (0.7)
2 (1.3)
3 (2.0)

2 (1.3)
0(
2 (1.3)
4 (2.7)

0.498
> 0.999
> 0.999
> 0.999

Values are presented as number (%). Treatment toxicities were assessed using the National Cancer Institute’s Common Terminology Criteria for Adverse Events (ver. 3.0). CRT, concurrent chemoradiotherapy arm; NCT, neoadjuvant chemotherapy
arm.
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necrosis and neutropenia. Overall, treatment-related death
occurred in seven patients (2.3%). No difference in late toxicity was observed between treatment arms.

Discussion
To improve the treatment outcomes of NPC, the addition
of adjuvant chemotherapy or NCT to CCRT has been widely
studied [5]. NCT is believed to be superior to adjuvant
chemotherapy in some theoretical aspects: (1) compliance
with the entire course of chemotherapy is higher for NCT;
(2) penetration of chemotherapeutic agents into tumor tissues might be limited due to the disruption of native blood
vessels after RT; and (3) NCT might kill subclinical
micrometastases before definitive local treatment [5,20]. For
these reasons, NCT has been an attractive strategy for many
researchers.
Before the Intergroup 0099 study, which showed superior
results for CCRT as compared with RT alone [7], several
studies compared NCT followed by RT and RT alone.
Although a reduction in relapse-free and disease-specific survival was observed with NCT in some studies, no differences
in OS or treatment failure pattern were observed [21,22].
After CCRT became the standard treatment for advanced
NPC, there were questions with regard to whether addition
of NCT to CCRT could improve outcomes, and, as a result,
several phase II trials were conducted. Hui et al. [11] reported
on a comparative randomized phase II study on NCT with
docetaxel and cisplatin (TP) followed by CCRT versus CCRT
alone. Three-year DFS was not significantly different (88.2%
in the NCT arm and 59.5% in the CRT arm, p=0.12). However, 3-year OS was statistically superior in the NCT arm
(94.1% vs. 67.7%).
The Hellenic Cooperative Oncology Group (HeCOG) also
reported the results of a comparative phase II study on NCT
with a cisplatin/epirubicin/paclitaxel regimen followed by
CCRT versus CCRT alone [14]. In analysis of the data of 141
patients, no difference in terms of compliance, response,
3-year DFS and OS was observed between the two arms.
A meta-analysis on 11 studies conducted by Liang et al.
[15], which included 1096 NPC patients, compared the
results of NCT followed by CCRT versus CCRT with or without adjuvant chemotherapy. This study also showed that
NCT followed by CCRT did not significantly improve OS,
LRFFS, or DFFS.
In the current study, we also failed to demonstrate a better
outcome for NCT versus CCRT alone. Although the DFFS,
DFS, and OS did not differ between groups, lower LRFFS
was observed in the NCT arm. This result seems to reflect

the theoretical disadvantages of NCT. The disadvantages of
NCT include the selection of resistant tumor cell clones, triggering accelerated repopulation, and reduced compliance
and increased toxicity during CCRT.
In our study, even though the toxicities were similar
between the two arms, RT was interrupted more frequently
in the NCT arm (4.3%) than in the CRT arm (1.8%), and the
overall treatment time of RT was also longer in the NCT arm
in the PSM cohort. In our study, in comparison of the local
control rate according to RT duration, significantly lower
LRFFS was observed in patients with RT duration longer
than 50 days (82.8% vs. 73.3%, p=0.034). The advantage of
NCT by reducing the distant failure was only observed in
stage IV disease patients and those younger than 60 years.
This result of subgroup analysis was consistent with that of
the study reported by Zhang et al. [23]. They also conducted
a PMS study of NPC patients in China, which showed
improved DFFS only in T4N1-2 or N3 patients (86.1% vs.
74.9%, p=0.034), favoring NCT.
However, there are some limitations of our study that warrant consideration. First, the heterogeneous NCT regimen
could diminish the positive effect of NCT. Non-taxane containing regimen was also used in 27.3% of patients, which
was unfavorable if we consider the recent impressive outcomes by addition of taxane to the NCT regimens. In the
EORTC 24971/TAX 323 study, triple combinations of docetaxel, cisplatin, and 5-FU (TPF) showed superior PFS and
OS rates compared with cisplatin and 5-FU in other head and
neck cancers [24]. Based on these findings, Ekenel et al. [13]
used TP for the NCT regimen in NPC patients, and reported
a 3-year OS of 94.9% and a PFS of 84.7%. Bae et al. [12], who
also reported the results of NCT using the TPF regimen followed by CCRT in Korea, achieved 3-year OS and PFS rates
of 86.1% and 75.6%, respectively [12], which were slightly
lower than results obtained in endemic areas, but were nevertheless remarkable.
The second limitation of our study was the relatively
imperfect data on toxicity. This was due to the retrospective
nature of data collection from several institutions, and it
resulted in comparative low toxicity rates than other literatures. However, similar toxicity rates between two treatment
arms have also been reported in other studies. The HeCOG
group study reported no significant differences in acute toxicities after CCRT [14], even though thrombocytopenia was
more common in the NCT arm and dermatitis was more
common in the CRT arm. However, the rates of all other toxicities were similar in both arms. In a meta-analysis conducted by Liang et al. [15], the toxicity results showed that
the risk ratio of grade 3-4 neutropenia was 1.90 (95% CI, 1.24
to 2.92) in favor of the CRT arm rather than the NCT arm.
However, other toxicities were similar.
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Conclusion

Author Details

In conclusion, this study did not show the superiority of
NCT followed by CCRT over CCRT alone. Because NCT
could increase the risk of locoregional recurrences, it can
only be considered in selected young patients with advanced
stage IV disease. The role of NCT in addition to CCRT
remains to be defined and is currently not the standard of
care. The results of phase III trials are needed in order to
draw a firm conclusion.
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The Clinical Usefulness of 18F-Fluorodeoxyglucose Positron Emission Tomography
(PET) to Predict Oncologic Outcomes and PET-Based Radiotherapeutic
Considerations in Locally Advanced Nasopharyngeal Carcinoma

Purpose
We investigated 18F-fluorodeoxyglucose positron emission tomography (PET)-derived
parameters as prognostic indices for disease progression and survival in locally advanced
nasopharyngeal carcinoma (NPC) and the effect of high-dose radiotherapy for a subpopulation with PET-based poor prognoses.
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Materials and Methods
Ninety-seven stage III and Iva-b NPC patients who underwent definitive treatment and PET
were reviewed. For each primary, nodal, and whole tumor, maximum standardized uptake
value, metabolic tumor volume, and total lesion glycolysis (TLG) were evaluated.
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Results
Based on the C-index (0.666) and incremental area under the curve (0.669), the whole
tumor TLG was the most useful predictor for progression-free survival (PFS); the whole tumor
TLG cut-off value showing the best predictive performance was 322.7. In multivariate analysis, whole tumor TLG was a significant prognostic factor for PFS (hazard ratio [HR], 0.3; 95%
confidence interval [CI], 0.14 to 0.65; p=0.002) and OS (HR, 0.29; 95% CI, 0.11 to 0.79;
p=0.02). Patients with low whole tumor TLG showed the higher 5-year PFS in the subgroup
for only patients receiving intensity modulated radiotherapy (77.4% vs. 53.0%, p=0.01). In
the subgroup of patients with high whole tumor TLG, patients receiving an EQD2 ! 70 Gy
showed significantly greater complete remission rates (71.4% vs. 33.3%, p=0.03) and higher
5-year OS (74.7% vs. 19.6%, p=0.02).
Conclusion
Our findings demonstrated that whole tumor TLG could be an independent prognostic factor
and high-dose radiotherapy could improve outcomes for NPC showing high whole tumor
TLG.

Introduction
Radiotherapy (RT) with or without chemotherapy is
known to improve treatment outcomes including local control and survival in nasopharyngeal carcinoma (NPC) [1,2].
Even in locally advanced stage III-IVb NPC, a survival rate
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of more than 70% and loco-regional control rate of more than
90% have been reported [3,4]. Nevertheless, local, regional,
and distant failure (DF) after completion of definitive treatment has been reported in 5.9%-11.6%, 7.4%-10%, and 14.7%20.9%, respectively [5,6]. This was the impetus to investigate
a predictive index for disease progression through the recent
development of an RT modality and improved imaging tech-
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niques.
18
F-fluorodeoxyglucose positron emission tomography
18
( F-FDG-PET) is useful in patients with head and neck
malignancy for tumor staging, including locally advanced
NPC [7-9]. Several studies have shown that PET-derived
parameters, including the maximum standardized uptake
value (SUVmax), metabolic tumor volume (MTV), and total
lesion glycolysis (TLG), could have prognostic value in prediction of disease progression and survival in patients with
head and neck cancer. In NPC, many studies have also found
correlation of higher SUVmax, MTV, and TLG with poorer
treatment outcomes [10-12]. However, few studies have investigated prognostic value of several PET-derived parameters
for only locally advanced NPC [10], and no study has evaluated the survival benefit of a higher RT dose in locally
advanced NPC showing higher PET-derived parameters predicting a poor prognosis.
Therefore, this study was conducted to examine the usefulness of PET-derived parameters as prognostic indices for
prediction of disease progression and survival in patients
with locally advanced NPC. We also examined the question
of whether high-dose RT could improve treatment outcomes
in a subgroup with poor prognoses based on PET-derived
parameters.

Materials and Methods
1. Patient selection
This retrospective review was approved by the Institutional Review Board. Between 2004 and 2013, 156 patients
diagnosed with stage III or IVa-b NPC underwent definitive
treatment at our institution. Among them, patients with a
good Eastern Cooperative Oncology Group (ECOG) performance status and normal hepatic, renal, and bone marrow
function were eligible. Forty-nine patients with another primary malignancy, past history of previous RT or chemotherapy, and those who did not undergo 18F-FDG-PET before
definitive RT were excluded. Ten patients whose 18F-FDGPET images were unavailable were also excluded and the
medical records of 97 patients were reviewed. All patients
had NPC confirmed by biopsy at the primary site. All biopsy
specimens were classified according to three categories based
on the World Health Organization (WHO) criteria as follows:
keratinizing carcinoma, type I; non-keratinizing carcinomas,
type II; and undifferentiated carcinoma, type III. All patients
were staged based on the system developed by the 7th American Joint Committee on Cancer [13].

2. Radiotherapy
RT was performed using 3-dimensional conformal RT
(3D-CRT) or intensity modulated radiotherapy (IMRT).
3D-CRT was delivered as 1.8-Gy daily fractions using 6-MV
or 10-MV photon beams 5 days a week for a total gross tumor
volume (GTV) dose of 70.2 Gy by a linear accelerator. The
clinical target volume (CTV) was administered at a dose of
59.4 Gy. A radiation dose of 45.0 to 54 Gy was delivered for
elective nodal irradiation. Two lateral and parallel opposing
fields involved the nasopharynx, skull base, and upper part
of the neck. The lower neck was treated with an anterior single field with midline shielding. After 45 Gy, spinal cord
shielding was performed. The IMRT technique, including
simulation, planning, and dose constraints of organs at risk,
was described previously [14]. The GTV received a total dose
of 69.96 Gy in daily fractions of 2.12 Gy; the CTV received
59.4 Gy in 1.8-Gy daily fractions and the target volume for
elective nodal irradiation received 56.1 Gy in 1.7-Gy daily
fractions.
3. Chemotherapy
Concurrent chemoradiation (CCRT) or induction chemotherapy (IC) followed by CCRT was performed for most
patients [14]. Concurrent chemotherapy was administered
with RT as weekly cisplatin 30 mg/m2 (DDP), weekly cisplatin 20 mg/m2 plus 5-fluorouracil (5-FU) 750 mg/m2 (FP),
and 5-FU 750 mg/m2 plus Taxotere 70 mg/m2 plus cisplatin
75 mg/m2 every third week (FTP). At our institution before
2006, chemotherapy regimen decisions were based on the
physicians’ discretion, with a preference for FTP or FP regimens for advanced stages including T3-4 and N1-3. Since
2006, concurrent cisplatin has been the standard treatment
for NPC. The IC regimen consisted of cisplatin 75 mg/m2 and
5-FU 1,000 mg/m2 for 5 days (on days 1-5) repeated every
3 weeks, and followed by CCRT regimens beginning 3 weeks
after the third course of IC.
4. 18F-FDG-PET
For all patients, 18F-FDG-PET scans were performed using
a dedicated PET/computed tomography (CT) scanner (Discovery STE, GE Healthcare, or Biograph TruePoint 40,
Siemens Healthcare, Malvern, PA), within 1 to 2 weeks
before definitive treatment. The detailed protocols for measuring blood glucose concentrations, determining the quantity of injected 18F-FDG, the low-dose CT scan, the PET scan,
PET data reconstruction, and the contrast-enhanced CT scan
after completion of PET acquisition have been described previously [15]. For each primary, lymph nodal metastatic, and
whole tumor, the SUVmax, mean SUV, MTV, and TLG were
VOLUME 48 NUMBER 3 JULY 2016
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measured using the PETedge tool in MIMvista software
(MIMvista Corp., Cleveland, OH) according to the protocol
described by Liao et al. [16]. The PET parameters for lymph
nodal metastatic tumors were calculated only for patients
showing lymph nodal metastasis. SUVmax was calculated
as [(decay-corrected activity/tissue volume)/(injected
dose/body weight)] and MTV was defined as total tumor
volume with an SUV of 2.5 or greater. TLG was defined as
the product of mean uptake and metabolic volume. TLG was
calculated as [(mean SUV)!(MTV)] [17]. After contouring the
tumor using the PETedge tool, volumes of interest (VOIs)
were automatically generated from spatial derivatives to
locate the tumor surface. The estimated VOIs were manually
adjusted using a 2-D “ball” contouring tool.
5. Follow-up, response evaluation, and patterns of failure
After completion of treatment, patient follow-up assessments and follow-up imaging studies were performed at 1,
3, and 6 months after RT, and then every 6 months until 2
years after RT, and annually thereafter. Treatment responses
were evaluated by recording a history, performing a physical
examination, nasopharyngoscopy, and imaging studies, such
as magnetic resonance imaging and CT, at 3 months after
completion of all treatments. Complete remission (CR) was
defined as a 100% decrease in gross tumor from a clinical
evaluation or radiologic images. Partial response (PR) and
progressive disease (PD) were defined as a " 50% decrease
and > 25% increase of the primary gross tumor, respectively;
other cases were categorized as stable disease (SD). Locoregional failure (LRF) was defined as recurrence or progression at the primary site and neck nodal regions and DF as
metastasis outside the primary site and neck nodal regions.
LRF or DF was investigated from the date of diagnosis until
the date of the first failure.
6. Statistical analysis
The primary endpoint was progression-free survival (PFS).
PFS was calculated from the treatment start date to the date
of progression, relapse, death from any cause, or last contact.
Overall actuarial survival (OS) was calculated from the treatment start date to the date of death or the last follow-up.
Loco-regional or distant failure-free survival (LRFFS or
DFFS) was recorded as the treatment start date to the date of
LRF occurring at any time before outfield failure or death
from any cause for LRFFS or to the date of the first DF with
or without LRF at any time before or after LRF or death from
any cause for DFFS. PFS, OS, LRFFS, and DFFS were calculated using the Kaplan-Meier method, and compared using
the log-rank test. Cox proportional hazards model was performed using stepwise backward selection for all factors in
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Table 1. Patient and treatment characteristics
Variable
Age, median (range, yr)
ECOG performance
0
1
Sex
Male
Female
WHO pathology classification
I (keratinizing)
II (non-keratinizing)
III (undifferentiated)
Unspecified
T stage
T1
T2
T3
T4
N stage
N0
N1
N2
N3
TNM staging
III
IVa
IVb
Radiotherapy modality
3D-CRT
IMRT
Radiotherapy dose, median (range, Gy)
EQD2, median (range, !/" ratio=10)
Chemotherapy
None
Concurrent
Induction+concurrent

No. (%)
50 (13-75)
41 (42.3)
56 (57.7)
69 (71.1)
28 (28.9)
5 (5.2)
49 (50.5)
42 (43.3)
1 (1.0)
26 (26.8)
18 (18.6)
21 (21.6)
32 (33.0)
7 (7.2)
24 (24.7)
60 (61.9)
6 (6.2)
60 (61.9)
31 (32.0)
6 (6.2)
23 (23.7)
74 (76.3)
69.96 (31.8-72.6)
70.7 (32.1-73.8)
5 (5.2)
51 (52.6)
41 (42.3)

ECOG, Eastern Cooperative Oncology Group; WHO,
World Health Organization; TNM, tumor-node-metastasis; 3D-CRT, 3-dimensional conformal radiation therapy;
IMRT, intensity-modulated radiation therapy; EQD2,
equivalent dose in 2 Gy fractions.

univariate and multivariate analyses for prognostic factors.
The hazard ratio (HR) is given with 95% confidence intervals
(95% CIs). The C-index and incremental area under the curve
(iAUC) were calculated using Cox’s proportional hazards
model to determine the most useful PET parameter for prediction of disease progression. The C-index is defined as the
probability of concordance between prediction and outcomes
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Table 2. Clinical factors according to 18F-FDG-PET parameters
Variable
Age (yr)
< 50
! 50
Sex
Male
Female
WHO pathology classification (except 1 unspecified patient)
I (keratinizing)
II (non-keratinizing)
III (undifferentiated)
T stage
T1-2
T3-4
N stage
N0
N1-3
TNM staging
III
IVa-b
Whole tumor volume (mL)
SUVmax for whole tumor
MTV for whole tumor

Low TLG

High TLG

p-value

31 (48.4)
33 (51.6)

15 (45.5)
18 (54.5)

0.78

20 (31.3)
44 (68.7)

8 (24.2)
25 (75.8)

0.47

2 (3.2)
32 (50.8)
29 (46.0)

3 (9.1)
17 (51.5)
13 (39.4)

0.46

31 (48.4)
33 (51.6)

13 (39.4)
20 (60.6)

0.4

6 (9.4)
58 (90.6)

1 (3.0)
32 (97.0)

0.25

44 (68.7)
20 (31.3)
36.4 (4.6-133.4)
10.7 (1.3-23.7)
32.2 (7.8-85.4)

16 (48.5)
17 (51.5)
78.3 (21.6-267)
17.3 (8.4-38.7)
68.7 (29.5-230.6)

0.05
< 0.001
< 0.001
< 0.001

Values are presented as number (%) or median (range). 18F-FDG-PET, 18F-fluorodeoxyglucose-positron emission tomography;
TLG, total lesion glycolysis for whole tumor; WHO, World Health Organization; TNM, tumor-node-metastasis; SUVmax,
maximum standardized uptake value; MTV, metabolic tumor volume.

among all possible pairs. The concordance (C) statistics or
C-index is calculated as the sum of concordance values
divided by all possible pairs [18]. The Contal and O’Quigley
method, based on the log-rank test, was used to determine
the cut-point for the most useful PET parameter [19]. The
optimal cut-point is determined using an algorithm maximizing the HR. Patients were divided into two groups
according to cut-point. Differences in nominal variables were
compared using Pearson’s chi-square test or Fisher exact test;
continuous variables were analyzed using the Mann-Whitney U test and t test. Propensity-matching analysis was performed to adjust for clinical factors that were different
between two groups based on cut-off values. p < 0.05 were
considered significant. SPSS ver. 20.0.0 (IBM Co., Armonk,
NY), SAS ver. 9.2 (SAS Institute Inc., Cary, NC), and R statistical software ver. 3.0.1 (The R Foundation for Statistical
Computing, Vienna, Austria) were used for all analyses.

Results
1. Patient and treatment characteristics
Patient and treatment characteristics are listed in Table 1.
Median age was 50 years (range, 13 to 75 years). Forty-one
patients (42.3%) had an ECOG performance status of 0. Sixtynine patients (71.1%) were male. Non-keratinizing and
undifferentiated carcinoma were noted in 49 (50.5%) and 42
patients (43.3%), respectively. There were 53 advanced T
(T3-4) patients (54.6%) and 90 N+ stage patients (92.8%). Seventy-four patients (76.3%) underwent IMRT. The median
dose of equivalent dose in 2 Gy fractions (EQD2) (!/"
ratio=10) was 70.7 (32.1-73.8). Chemotherapy was administered in 92 patients (94.9%).
2. Treatment outcomes
The median follow-up duration among surviving patients
was 47 months (range, 8 to 127 months). The 5-year PFS and
OS were 64.9% and 75.2%, respectively. LRF and DF were
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Table 3. Treatment characteristics, treatment response,
and patterns of failure according to TLG
Variable
EQD2 (!/" ratio=10)
< 70 Gy
! 70 Gy
Treatment modality
3D-CRT
IMRT
Chemotherapy
None
Concurrent
Induction+concurrent
RT response
CR
Non-CR
Patterns of failure
Loco-regional failure
Distant failure

Low TLG

High TLG

p-value

18 (28.1)
46 (71.9)

12 (36.4)
21 (63.6)

0.41

13 (20.3)
51 (79.1)

10 (30.3)
23 (69.7)

0.27

5 (7.8)
32 (50.0)
27 (42.2)

0(
19 (57.6)
14 (42.4)

0.29

56 (87.5)
8 (12.5)

19 (57.6)
14 (42.4)

0.001

4 (6.3)
9 (14.1)

7 (21.2)
10 (30.3)

0.04
0.06

Values are presented as number (%). TLG, total lesion glycolysis for whole tumor; EQD2, equivalent dose in 2 Gy
fractions; 3D-CRT, 3-dimensional conformal radiation
therapy; IMRT, intensity-modulated radiation therapy;
RT, radiotherapy; CR, complete response.

observed in 11 (21.2%) and 19 patients (19.6%), respectively.
CR was reported in 75 patients (77.3%), PR in 16 (16.5%), SD
in 4 (4.1%), and PD in 2 (2.1%) at 3 months following treatment completion.
3. 18F-FDG-PET parameters
The average SUVmax for whole tumors and the primary
tumor was 13.42±6.47 and 12.43±6.39, respectively. The
average MTV for whole tumors and the primary tumor was
50.9±37.72 mL and 25.31±23.26 mL, respectively. The average
TLG for whole tumors and the primary tumor was 310.81±
276.37 and 173.91±197.33, respectively. For stage N1-3
patients, the mean SUVmax, MTV, and TLG of metastatic
lymph nodes were 10.66±6.2, 27.58±36.96 mL, and 147.55±
227.59, respectively.
4. Usefulness of 18F-FDG-PET for predicting disease progression
The C-index was calculated to determine the most useful
parameter for predicting disease progression among nine 18FFDG-PET parameters. The TLGs for the whole tumor and
primary tumor were the most valuable PET parameters (C-
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index, 0.666) (Supplementary Table 1). Thereafter, using
Contal and O’Quigley’s method, the cut-points of whole
tumor TLG and primary tumor TLG were determined as
322.7 and 123.1 (Supplementary Table 2). In comparison of
iAUC values, whole tumor TLG (iAUC, 0.669; 95% CI, 0.786
to 0.78) was better at predicting disease progression than primary tumor TLG. Next, the patients were divided into the
low whole tumor TLG group (< 322.7) and the high whole
tumor TLG group (! 322.7).
Differences in patient characteristics were assessed
between the low and high whole tumor TLG groups
(Table 2). The high whole tumor TLG group included more
advanced stage Iva-b patients than the low whole tumor TLG
group with borderline significance (p=0.05). The whole
tumor volume of high whole tumor TLG was significantly
higher than that of low whole tumor TLG (p < 0.001). There
was no difference in other clinical factors between the
groups. Examination of differences in treatment characteristics, treatment response, and patterns of failure according to
whole tumor TLG (Table 3) showed no significant difference
in treatment characteristics between the groups. The low
whole tumor TLG group included significantly more patients
showing CR (87.5% vs. 57.6%, p=0.001) and lower LRF rate
(6.3% vs. 21.2%, p=0.04) than the high whole tumor TLG
group. However, despite showing a significant trend, there
was no difference in DF (Table 3).
Kaplan-Meier curves demonstrated that there was a survival difference according to whole tumor TLG (Fig. 1). The
low whole tumor TLG group showed significantly higher
5-year PFS (77.0% vs. 43.0%, p < 0.001), OS (85.7% vs. 54.0%,
p=0.003), LRFFS (77.0% vs. 49.1%, p=0.001), and DFFS (81.6%
vs. 60.3%, p=0.012) than the high whole tumor TLG group
(Fig. 1A-D). Due to the era of IMRT for NPC, survival difference was analyzed according to whole tumor TLG in the subgroup for patients receiving only IMRT (Fig. 2). Similar to
the result for whole patients, the low whole tumor TLG
group also showed a significantly higher 5-year PFS rate
(77.4% vs. 53.0%) than the high whole tumor TLG group
(p=0.01) (Fig. 2A), while 5-year OS rate of the low whole
tumor TLG group was not significantly higher than that of
the high whole tumor TLG group (p=0.254) (Fig. 2B). The
5-year LRFFS rate of the low whole tumor TLG group
(77.4%) was significantly higher than that of the high whole
tumor TLG group (53.0%, p=0.01) (Fig. 2C). The low whole
tumor TLG group had a higher 5-year DFFS rate than the
high whole tumor TLG group with a statistically significant
trend (84.6% vs. 65.0%, p=0.06) (Fig. 2D).
5. Propensity-matching analysis
Because there was a difference in TNM staging between
high and low whole tumor TLG groups, propensity-match-
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Fig. 1. Kaplan-Meier curves demonstrate the survival difference between high and low total lesion glycolysis (TLG) of the
whole tumor. (A) Progression-free survival. (B) Overall survival. (C) Loco-regional failure-free survival. (D) Distant failurefree survival.
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Fig. 2. Kaplan-Meier curves of progression-free survival (A), overall survival (B), loco-regional failure-free survival (C), and
distant failure-free survival (D) for subgroup of the only patients receiving intensity modulated radiotherapy. TLG, total
lesion glycolysis.
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Table 4. Clinical factors based on TLG after propensity-matching analysis
Variable
Age (yr)
< 50
! 50
Sex
Male
Female
ECOG performance
0
1
WHO pathology classificationa)
I (keratinizing)
II (non-keratinizing)
III (undifferentiated)
T stage
T1-2
T3-4
N stage
N0
N1-3
TNM staging
III
IVa-b
Whole tumor volume (mL)

Low TLG

High TLG

14 (42.4)
19 (57.6)

15 (45.5)
18 (54.5)

0.8

23 (69.7)
10 (30.3)

25 (75.8)
8 (24.2)

0.58

14 (42.4)
19 (57.6)

8 (24.2)
25 (75.8)

0.12

0 (0.0)
18 (56.3)
14 (43.7)

3 (9.1)
17 (51.5)
13 (39.4)

0.36

12 (36.4)
21 (63.6)

13 (39.4)
20 (60.6)

0.8

11 (33.3)
22 (66.7)

10 (30.3)
23 (69.7)

0.79

16 (48.5)
17 (51.5)
40.6 (4.6-133.4)

16 (48.5)
17 (51.5)
78.3 (21.6-267)

p-value

1
0.002

Values are presented as number (%) or median (range). TLG, total lesion glycolysis for whole tumor; ECOG, Eastern Cooperative Oncology Group; WHO, World Health Organization; TNM, tumor-node-metastasis. a)Except 1 unspecified patient.

ing analysis was performed to adjust for TNM staging
between two groups. After propensity-matching analysis, all
clinical factors, including TNM staging, were balanced
between two groups, except whole tumor volume (40.6 vs.
78.3, p=0.002) (Table 4). There were no differences in treatment characteristics between the two groups (Table 5). The
high whole tumor TLG group showed a significantly lower
CR rate than the low whole tumor TLG group (57.6% vs.
84.8%, p=0.01) (Table 5). The high whole tumor TLG group
also had more LRF and DF, although without statistical significance (Table 5). On Kaplan-Meier curves, the low TLG
group showed significantly better PFS (73.5% vs. 43.0%,
p=0.009), LRFFS (73.5% vs. 42.1%, p=0.015), and DFFS (77.6%
vs. 60.3%, p=0.048) than the high TLG group (Fig. 3A-C).
Although OS for the low TLG group was higher than that for
the high TLG group, the difference was not significant (69.7%
vs. 54.0%, p=0.161) (Fig. 3D).
6. Prognostic factor analyses
In univariate analysis, whole tumor TLG (p=0.001), ECOG

performance status (p=0.007), TNM staging (p=0.002), and
tumor volume (p=0.005) showed significant association with
PFS (Table 6). In multivariate PFS analysis, whole tumor TLG
(low vs. high, p=0.002), TNM staging (III vs. IVa-b, p=0.01),
and chemotherapy (concurrent vs. induction vs. none,
p=0.01) were independent significant prognostic factors. As
shown in Table 6, in the univariate analysis for OS, ECOG
performance status (p=0.03), T stage (p=0.02), TNM staging
(p=0.02), RT modality (p=0.04), and whole tumor TLG
(p=0.006) were significant factors. In the multivariate analysis, whole tumor TLG (low vs. high, p=0.02), T stage (T1-2
vs. T3-4, p=0.03), and RT modality (IMRT vs. 3D-CRT,
p=0.03) were independent prognostic factors that significantly influenced OS.
7. Subgroup analysis according to TLG
To examine the effect of a higher EQD2 in patients with
high whole tumor TLG values, a subgroup analysis was performed for the high whole tumor TLG patients. In a total of
33 high whole tumor TLG patients, 21 patients received an
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Table 5. Treatment, response, and patterns of failure
based on TLG after propensity-matching analysis
Variable
EQD2 (!/" ratio=10)
< 70 Gy
! 70 Gy
Treatment modality
3D-CRT
IMRT
Chemotherapy
None
Concurrent
Induction+concurrent
RT response
CR
Non-CR
Patterns of failure
Loco-regional failure
Distant failure

Low TLG

High TLG

p-value

11 (33.3)
22 (66.7)

12 (36.4)
21 (63.6)

0.8

8 (24.2)
25 (75.8)

10 (30.3)
23 (69.7)

0.58

3 (9.1)
17 (51.5)
13 (39.4)

0 (0.0)
19 (57.6)
14 (42.4)

0.34

28 (84.8)
5 (15.2)

19 (57.6)
14 (42.4)

0.01

3 (9.1)
5 (15.2)

7 (21.2)
10 (30.3)

0.17
0.14

Values are presented as number (%). TLG, total lesion glycolysis for whole tumor; EQD2, equivalent dose in 2 Gy
fractions; 3D-CRT, 3-dimensional conformal radiation
therapy; IMRT, intensity-modulated radiation therapy;
RT, radiotherapy; CR, complete response.

EQD2 of at least 70 Gy. A higher CR rate was observed in
patients receiving an EQD2 ! 70 Gy (p=0.03) (Table 7). There
was no difference in patterns of failure according to EQD2.
In the Kaplan-Meier analyses of PFS, patients who received
an EQD2 ! 70 Gy showed a higher 5-year PFS (58.9% vs.
16.7%) than those who received an EQD2 < 70 Gy, although
it was not significant (Fig. 4A). However, significantly higher
5-year OS (74.7% vs. 19.6%, p=0.02) (Fig. 4B) was observed
for patients who received an EQD2 ! 70 Gy.

Discussion
Because TLG and MTV are volumetric PET-derived
parameters, they are generally considered more optimal for
reflecting tumor metabolic burden and for prediction of
treatment outcome than SUVmax [17,20]. While MTV is the
tumor volume showing PET uptake over a set threshold,
TLG is representative of the metabolic activity of the whole
tumor lesion; therefore, we believe that TLG is a better predictor of disease progression than MTV, and was significantly most powerful prognostic factor for PFS, OS, LRFFS,
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and DFFS of locally advanced NPC in this study.
In our findings, the high whole tumor TLG group had significantly higher whole tumor volume than the low whole
tumor TLG group. TLG is a PET parameter that considers
tumor burden, as well as metabolic activity [17]. We also
observed that SUVmax and MTV for whole tumors were also
significantly higher in the high whole tumor TLG group
(SUVmax 10.7 vs. 17.3, MTV 32.2 vs. 68.7, both p < 0.001)
(Table 2). Thus, we discerned that the high-TLG group
would naturally show higher tumor volumes, which would
not be a confounding factor in this study.
Most studies on the prognostic significance of PET-derived
parameters for NPC included all stages of NPC, from early
to advanced stages [11,12]. However, because advanced
stages are significantly associated with higher PET parameters [12,21], and there are differences in treatment strategy
and patterns of failure according to clinical staging, we consider that a study including only advanced stage cases would
be appropriate for investigating the clinical usefulness of PET
parameters as prognostic predictors. In 2009, Xie et al. [10]
demonstrated that patients having tumors with a lower
SUVmax had significantly better 5-year OS (p=0.0187) and
disease-free survival (p=0.0163) than patients with a higher
SUVmax in locally advanced NPC. In a recent study, Chan
et al. [22] showed that a whole tumor TLG value ! 330 independently predicted OS (p=0.0014) and disease-free survival
(p=0.0005) in locally advanced NPC patients. Similarly, in
our findings, a whole tumor TLG of ! 322.7 showed independent association with OS and PFS. Therefore, we suggest
that whole tumor TLG could be an optimal predictor of disease progression and prognosis for locally advanced NPC
patients only.
Despite significant improvement in the oncologic outcomes of locally advanced NPC with the development of
radiation technologies, loco-regional and DF are still major
obstacles preventing improved outcomes. Given the findings
from several previous studies, we consider that an evolution
of therapeutic strategies is necessary and would improve
oncologic outcomes in NPC patients with PET-based poor
prognoses who show higher MTV and TLG values. Therefore, in this study we performed a subgroup analysis of NPC
patients with high whole tumor TLG values. In the subgroup
analysis, patients with high whole tumor TLG values who
received higher EQD2 RT showed an improved OS with statistical significance, while EQD2 was not related to OS among
all enrolled patients. Therefore, we suggest that high-dose
RT could help improve survival in a subpopulation with
PET-based poor prognoses. However, conduct of an additional prospective study would be necessary.
Although altered fractionation has been investigated in
conjunction with concurrent chemotherapy in recent decades, the risk of serious radiation-induced neurovascular tox-
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Fig. 3. Kaplan-Meier curves demonstrate survival differences after propensity-matching analysis to adjust for differences in
TNM staging between high and low total lesion glycolysis (TLG) of the whole tumor. (A) Progression-free survival. (B) Locoregional failure-free survival. (C) Distant failure-free survival. (D) Overall survival.
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0.67 (0.33-1.37)
0.91 (0.42-1.98)
0.34 (0.15-0.74)
1.04 (0.25-4.36)
1.77 (0.85-3.69)
2.32 (0.31-17.1)
0.32 (0.15-0.65)
0.68 (0.32-1.44)
0.68 (0.33-1.41)
Reference
0.88 (0.26-2.98)
0.45 (0.12-1.69)
0.3 (0.15-0.61)
1.01 (1.003-1.02)
0.001
0.005

0.28
0.81
0.007
0.96
0.13
0.41
0.002
0.31
0.3
0.23

p-value

Univariate analysis
HR (95% CI)
0.4 (0.16-1.02)
0.36 (0.16-0.8)
Reference
0.18 (0.04-0.82)
0.08 (0.02-0.41)
0.3 (0.14-0.65)
0.002
-

0.06
0.01
0.01

p-value

Multivariate analysis
HR (95% CI)
0.44 (0.17-1.18)
1.46 (0.56-3.76)
0.32 (0.12-0.89)
0.62 (1.4-2.69)
0.27 (0.09-0.84)
1.01 (0.13-7.77)
0.33 (0.13-0.85)
0.37 (0.15-0.94)
0.46 (0.18-1.15)
Reference
1.05 (0.23-4.72)
0.42 (0.08-2.34)
0.27 (0.1-0.69)
1.01 (1-1.02)

HR (95% CI)

0.006
0.16

0.1
0.44
0.03
0.52
0.02
0.99
0.02
0.04
0.1
0.28

p-value

Univariate analysis

0.29 (0.09-0.9)
0.36 (0.14-0.92)
0.29 (0.11-0.79)
-

HR (95% CI)

0.02
-

0.03
0.03
-

p-value

Multivariate analysis

Overall survival

HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; WHO, World Health Organization; TNM, tumor-node-metastasis; IMRT,
intensity-modulated radiation therapy; 3D-CRT, 3-Dimensional conformal radiation therapy; EQD2, equivalent dose in 2 Gy fractions; TLG, total lesion glycolysis
for whole tumor.

TLG (low vs. high)
Whole tumor volume (continuous) (mL)

Age (< 50 yr vs. ! 50 yr)
Sex (female vs. male)
ECOG performance (0 vs. 1)
WHO classification (NK vs. others)
T stage (T1-2 vs. T3-4)
N stage (N0 vs. N1-3)
TNM staging (III vs. IVa-b)
Radiotherapy modality (IMRT vs. 3D-CRT)
EQD2 (!/" ratio=10) (! 70 Gy vs.< 70 Gy)
Chemotherapy (concurrent vs. induction vs. none)

Variable

Progression-free survival

Table 6. Prognostic factor analyses using Cox’s regression method with backward selection for progression-free survival and overall survival
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Table 7. Relation between treatment response and EQD2
(!/" ratio=10) in patients having high whole tumor TLG
Variable
Treatment response
CR
Non-CR
Patterns of failure
Loco-regional failure
Distant failure

EQD2 < 70

EQD2 ! 70

p-value

4 (33.3)
8 (66.7)

15 (71.4)
6 (28.6)

0.03

4 (33.3)
5 (41.7)

3 (14.3)
5 (23.8)

0.38
0.43

Values are presented as number (%). EQD2, equivalent
dose in 2 Gy fractions; TLG, total lesion glycolysis; CR,
complete response.

icity has resulted in a narrow therapeutic ratio. Using IMRT,
several studies on sequential or simultaneous integrated
boost have reported excellent outcomes, with low rates of
radiation-induced toxicity. However, approximately 10% of
temporal lobe necrosis using a daily dose of 2.16-2.34
Gy/fraction was observed [23,24]. The Radiation Therapy
Oncology Group (RTOG) 0225, using a schedule of 70 Gy/33
fractions in 2.12 Gy/fraction, has demonstrated excellent survival without severe brain damage [6]: grade 1 brain late tox-

icity was observed in only two patients. Current National
Comprehensive Cancer Network (NCCN) guidelines recommend a total of 66 or 70 Gy in 30 fractions in definitive RT
and 70-70.2 Gy per a fractional dose of 1.8-2 Gy in CCRT [25].
Considering RTOG 0225 and NCCN guidelines, > 70 Gy of
EQD2 (!/" ratio=10) was considered a high-dose RT in our
study.
Special consideration is required when interpreting our
findings because of some limitations. First, this study was
retrospective in design. Second, because PET is not a fundamental or mandatory diagnostic tool in the staging work-up
of NPC, PET was not performed for all NPC patients at our
institution, possibly inducing selection bias. Third, because
of the long duration of the treatment period from 2004 to
2013, the treatment characteristics showed heterogeneity. In
particular, in the era of IMRT for NPC, patients enrolled in
this study received 3D-CRT as well as IMRT. However, we
performed a reasonable statistical analysis considering our
above-stated limitations, and suggest that our findings could
provide sufficient evidence for the implementation of a
future prospective study.

A

B
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Overall survival rate (%)

Progression-free
survival rate (%)

100

75

50

25

EQD2 ≥ 70 Gy
EQD2 < 70 Gy

75

50

25

EQD2 ≥ 70 Gy
EQD2 < 70 Gy
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Fig. 4. Kaplan-Meier curves demonstrate the differences in progression-free survival and overall survival according to equivalent dose in 2 Gy fractions (EQD2) in subgroup of patients with high total lesion glycolysis of the whole tumor. (A) Progression-free survival. (B) Overall survival.
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Conclusion

Electronic Supplementary Material

In conclusion, our findings demonstrated that whole
tumor TLG was most useful among several PET-derived
parameters for prediction of disease progression, and that
whole tumor TLG was a significant prognostic factor for PFS,
OS, LRFFS, and DFFS. Of particular importance, this study
suggests that higher EQD2 RT could improve treatment outcomes in NPC patients with high whole tumor TLG values,
despite the subgroup analysis including a small number of
patients. A well-designed prospective study to compare the
effect of TLG-based high-dose RT to conventional RT in
locally advanced NPC is needed to examine the survival benefit of high-dose RT in high TLG patients.

Supplementary materials are available at Cancer Research
and Treatment website (http://www.e-crt.org).
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TERT Promoter Mutations and Tumor Persistence/Recurrence in
Papillary Thyroid Cancer

Purpose
A telomerase reverse transcriptase (TERT) promoter mutation was identified in thyroid cancer. This TERT promoter mutation is thought to be a prognostic molecular marker, because
its association with tumor aggressiveness, persistence/recurrence, and disease-specific
mortality in papillary thyroid carcinoma (PTC) has been reported. In this study, we attempted
to determine whether the impact of the TERT promoter mutation on PTC persistence/
recurrence is independent of clinicopathological parameters.
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Materials and Methods
Using propensity score matching, 39 patients with PTC persistence or recurrence were
matched with 35 patients without persistence or recurrence, with a similar age, sex, tumor
size, multifocality, bilaterality, extrathyroidal extension, and lymph node metastasis. The
TERT promoter and the BRAF V600E mutations were identified from PTC samples.
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Results
The TERT promoter mutation was detected in 18% of PTC patients (13/74). No significant
difference in the frequency of the TERT promoter mutation was observed between the persistence/recurrence group and the non-recurrence group.
Conclusion
These results suggest that the prognostic implications of the TERT promoter mutation are
dependent on clinicopathological parameters.
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Introduction
In cancer cells, maintenance of telomere length plays an
important role in cellular stability and immortality [1].
Telomerase reverse transcriptase (TERT) is the catalytic subunit of telomerase, and the telomerase synthesizes repetitive
DNA sequences for maintenance of telomere length [1].
Telomerase activation has been reported in several cancers
including melanoma, breast cancer, and head and neck can-
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cer [2-4].
Telomerase activation has also been identified in thyroid
cancers [5]. Approximately 66% of all thyroid cancers exhibit
telomerase activation [5]. However, no telomerase activation
has been observed in normal thyroid tissues, suggesting that
it is cancer-specific [6,7]. Therefore, telomerase activation has
a potential for use as a marker of thyroid cancer.
Telomerase activation can be induced by a TERT promoter
mutation [4]. Two hot spots of TERT promoter mutation in
thyroid cancer cells have recently been reported [124G>A

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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(C228T), 146G>A (C250T)] [8-10]. The frequency of mutation
differs according to the histological type of thyroid cancer.
The TERT promoter mutation has been detected in 7%-22%
of papillary thyroid carcinomas (PTCs) [9-11] and 11%-25%
of follicular thyroid carcinomas [8,11,12]. However, this
mutation was significantly more frequent in poorly differentiated carcinomas or anaplastic carcinomas (29%-50%)
[8,11,12].
Association of the TERT promoter mutation with poor
prognosis of thyroid cancer has been reported. The TERT
promoter mutation was associated with older age, larger
tumor size, higher stage, and distant metastasis [10-12], and
with tumor persistence/recurrence and disease-specific mortality [11-13]. However, whether the association with an
increased risk of tumor persistence/recurrence is independent of clinicopathological parameters remains unknown. In
the current study, to assess the possible importance of the
TERT promoter mutation on tumor persistence/recurrence,
the TERT promoter mutation in persistence/recurrence
group of patients was compared with a matched non-recurrence control group of patients.

Materials and Methods

the manufacturer’s instructions.
3. TERT promoter mutation
Polymerase chain reaction (PCR) was performed, followed
by Big Dye sequencing for identification of the TERT promoter mutation. A 235-bp fragment containing the TERT
promoter mutations C228T and C250T on the genomic DNA
was amplified by PCR. The quality of the PCR product was
confirmed by gel electrophoresis, and its sequencing was
performed using a Big Dye terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems, Foster City, CA) and an ABI PRISM
3130xl Genetic Analyzer (Applied Biosystems). When a mutation was found by Big Dye sequencing using the sense
primer, the reaction was validated using the antisense
primer.
4. BRAF V600E mutation
Real-time PCR was performed using the TaqMan MGB
probes and FastStart Taq DNA Polymerase (Roche Life Science, Indianapolis, IN) for identification of the BRAF V600E
mutation. Amplification and detection were performed using
an ABI prism 7500 Sequence Detection System (Applied
Biosystems).
5. Statistical analysis

1. Patients
This study included patients who underwent total thyroidectomy at the Korea Cancer Center Hospital between
2006 and 2012, and had PTC surgical specimens of 1.0 cm or
larger. The persistence/recurrence group was selected
among patients with tumor recurrence or persistence followed by a second surgery in our hospital. Persistence/
recurrence was defined as the presence of a structural abnormality confirmed by surgical pathology. The non-recurrence
group was defined as patients without evidence of disease
or recurrence for more than 5 years after surgery. The study
was approved by the Institutional Review Board of the Korea
Cancer Center Hospital (K-1501-002-036), and followed the
tenets of the Declaration of Helsinki.
Electronic medical records were reviewed retrospectively
for collection of data on patient demographics and tumor
stage, and surgical specimens were obtained for genetic
analyses.
2. DNA extraction
Formalin-fixed, paraffin-embedded PTC tissues were cut
into 10 µm sections. DNA was extracted using the QIAmp
DNA FFPE Tissue Kit (Qiagen, Hilden, Germany) following

Based on a previous study [13], we hypothesized that the
frequency of the TERT promoter mutation was detectable in
7.5% of the non-recurrence group and 36.3% of the persistence/recurrence group, and the sample size of the study was
calculated with a type 1 error (!) of 0.05 and a power (") of
80%, resulting in 32 patients in each group.
Propensity score matching was performed to adjust for differences in the other clinicopathological features that could
confound tumor persistence/recurrence. The propensity
score was calculated using logistic regression with the age,
sex, tumor size, multifocality, bilaterality, extrathyroidal
extension (ETE), and lymph node metastasis. Thirty-nine
patients with tumor persistence or recurrence were identified
and 39 patients without tumor recurrence were matched
using the propensity scores. Among the 39 patients from the
non-recurrence group, four patients were excluded because
of missing formalin-fixed, paraffin-embedded tissues or poor
DNA quality, and only 35 patients were included in this
study. Finally, 74 patients were analyzed. The frequencies of
the TERT promoter and the BRAF V600E mutations were
compared between the persistence/recurrence group and the
non-recurrence group. Data are expressed as a percentage or
mean±standard deviation. The independent t test or chisquare test was used when appropriate. A p-value < 0.05 was
VOLUME 48 NUMBER 3 JULY 2016
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Table 1. Clinicopathological characteristics of patients
Characterisic

Persistence/Recurrence group (n=39)

Non-recurrence group (n=35)

49±13
30 (77)
2.6±1.6
25 (64)
20 (51)
35 (90)

47±14
27 (77)
2.6±1.3
27 (77)
21 (60)
31 (90)

0.64
> 0.99
0.94
0.31
0.36
> 0.99

17 (44)
22 (56)

14 (40)
21 (60)

0.82

16 (41)
23 (59)
37 (95)
208±105

16 (46)
19 (54)
33 (94)
199±125

0.82

Age (yr)
Women
Tumor size (cm)
Multifocality
Bilaterality
ETE
LN metastasis
Central LN
Lateral LN
Tumor stage
I-II
III-IV
RAI
RAI dose (mCi)

p-value

> 0.99
0.72

Values are presented as mean±standard deviation or number (%). ETE, extrathyroidal extension; LN, lymph node; RAI,
radioactive iodine; mCi, millicurie.

considered statistically significant. Statistical analyses were
performed using SPSS ver. 22.0 (IBM Co., Armonk, NY).

Results
The analyses included 39 patients from the persistence/
recurrence group and 35 matched patients from the nonrecurrence group, using propensity scores based on age, sex,
tumor size, multifocality, bilaterality, ETE, and lymph node
metastasis. Patient demographics and pathological findings
of surgical specimens are summarized in Table 1. The mean
age of patients was 48±14 years, and 77% of the patients were
female. The mean size of the primary tumor was 2.6±1.4 cm.
Most patients (90%) had ETE and all patients had lymph
node metastasis. No patient had distant metastasis. There
were no significant differences in clinicopathological characteristics between patients from the persistence/recurrence
and non-recurrence groups. Among the persistence/recurrence group, 25 patients had persistent disease and 14 recurred. Neck lymph nodes were the most common site of
disease persistence/recurrence.
The time interval from the initial surgery to the identification of persistence/recurrence was 1.8±1.2 years in the persistence/recurrence group and the median follow-up time
was 7.5±1.0 years in the non-recurrence group.
The TERT promoter mutation was detected in 18% of PTC
samples (13/74). The frequency of the TERT promoter
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mutation was slightly higher in the persistence/recurrence
group than in the non-recurrence group (23% vs. 12%, respectively), but there was no statistical significance (p=0.23)
(Table 2). Most of the mutations (85%) presented the C228T
mutation and the others presented the C250T mutation. The
overall BRAF V600E mutation was observed in 61% of PTC
samples (45/74), comprised of 54% in the persistence/recurrence group and 69% in the non-recurrence group (Table 2).
No statistical difference in the BRAF V600E mutation was
observed between patients in the persistence/recurrence and
non-recurrence groups (p=0.24).
The patients were then divided according to their TERT
promoter mutation status. As previously reported, the TERT
promoter mutation is associated with several clinicopathological parameters (Table 3). Patients with the TERT promoter mutation were significantly older, had larger tumor
sizes, and higher tumor stages compared to patients with the
wild-type TERT promoter.

Discussion
In the current study, we showed that the TERT promoter
mutation in patients from the persistence/recurrence group
was not different from patients in the non-recurrence group
who had similar clinicopathological characteristics. The
results suggest that the TERT promoter mutation has no
additional effect on the tumor persistence/recurrence of

Jae Kyung Myung, TERT Promoter Mutation and PTC

Table 2. TERT promoter and BRAF V600E mutations
Mutation

Total

Persistence/Recurrence group (n=39)

Non-recurrence group (n=35)

p-value

TERT mutation
C228T
C250T
BRAF mutation

13 (18)
11 (15)
2 (3)
45 (61)

9 (23)
8 (20)
1 (3)
21 (54)

4 (12)
3 (9)
1 (3)
24 (69)

0.23

0.24

Values are presented as number (%). TERT, telomerase reverse transcriptase.

Table 3. TERT promoter mutation and clinicopathological parameters
Parameter
Age (yr)
Women
Tumor size (cm)
Multifocality
Bilaterality
ETE
LN metastasis
Central LN
Lateral LN
Tumor stage
I-II
III-IV
Duration of follow-up
Persistence/Recurrence

Mutated TERT (n=13)

Wild-type TERT (n=61)

p-value

61±10
11 (85)
3.7±2.0
6 (46)
4 (31)
13 (100)

45±13
46 (75)
2.4±1.2
46 (75)
36 (59)
53 (87)

< 0.01
0.72
0.03
0.04
0.07
0.34

7 (54)
6 (46)

24 (39)
37 (61)

0.37

1 (8)
12 (92)
3.4±3.4
9 (69)

31 (51)
30 (49)
4.7±3.0
30 (49)

< 0.01
0.17
0.23

Values are presented as mean±standard deviation or number (%). TERT, telomerase reverse transcriptase; ETE, extrathyroidal
extension; LN, lymph node.

PTC.
Association of the TERT promoter mutation with tumor
persistence/recurrence and the disease-specific mortality of
PTC has been reported [11-13]. However, it remains uncertain whether its association is independent of clinicopathological parameters. In the current study, in comparison of
patients with similar clinicopathological parameters, the
TERT promoter mutation did not show a significant association with tumor persistence/recurrence. Xing et al. [13]
reported significant association of the TERT promoter mutation with tumor recurrence, but there was no significance
after adjustment for age, sex, multifocality, tumor size, ETE,
vascular invasion, and lymph node metastasis. Although the
relationship between the TERT promoter mutation and disease-specific mortality was significant after adjustment for
age and sex [11,12], multivariate analysis for tumor size or
lymph node metastasis has never been performed. Therefore,
for definitive assessment of the possible impact of the TERT
promoter mutation on the prognosis of PTC, it should be
confirmed in larger studies like the BRAF mutation [14,15].

The BRAF V600E mutation also showed an association with
tumor recurrence and mortality of PTC, but its association
was no longer significant after the adjustment of clinicopathological parameters [14]. These results suggested that
the prognostic value of the BRAF mutation was dependent
on clinicopathological parameters.
The TERT promoter mutation has been reported in 7%22% of PTC cases [9-11] and in 11% of Chinese patients with
PTC [10]. The frequency of the TERT promoter mutation
(18%) was also similar in this study. However, because the
current study excluded PTC samples smaller than 1.0 cm, the
overall frequency of the TERT promoter mutation in Korea
or Asia may be lower than in Western countries.
Telomere shortening is closely associated with both cancer
and aging [16]. Telomere length shortens with age [17], and
a shortened telomere can activate telomerase and the TERT
promoter mutation [12]. Consistent with our results in the
current study, previous studies reported a consistent relationship between the TERT promoter mutation and age [1012]. In addition, the TERT promoter mutation was found
VOLUME 48 NUMBER 3 JULY 2016
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more frequently in larger tumors, and there were little or no
mutations in papillary thyroid microcarcinomas [10,11,18].
These results suggest that vigorous proliferation of cancer
cells triggers the TERT promoter mutation or telomerase
activation.
Past studies have reported an association of the TERT promoter and BRAF mutations [11,13]. The BRAF mutation is a
well-known prognostic molecular marker [19], and PTCs
with BRAF V600E mutations showed more aggressive clinicopathological characteristics [20,21]. In addition, patients
with both the TERT C228T and BRAF V600E mutations were
associated with higher risk clinicopathological characteristics
or tumor recurrence, suggesting a synergistic effect between
the two mutations [13]. However, no association was found
in another study [11]. In this study, their association could
not be determined because of small sample size.
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Conclusion
In summary, the frequency of the TERT promoter mutation did not differ between patients with similar clinicopathological characteristics in the persistence/recurrence
and non-recurrence groups, suggesting that the prognostic
implications of the TERT promoter mutation were dependent on clinicopathological parameters.
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Polymorphic Variants in Oxidative Stress Genes and Acute Toxicity in
Breast Cancer Patients Receiving Radiotherapy

Purpose
Reactive oxygen species (ROS) are generated as an indirect product of radiation therapy
(RT). Genetic variation in genes related to ROS metabolism may influence the level of
RT-induced adverse effects. We evaluated the potential association of single nucleotide
polymorphism (SNP)–related response to radiotherapy injury in breast cancer patients
undergoing RT.
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Materials and Methods
Eighty patients receiving conventional RT were included. Acute effects were evaluated
according to the Radiation Therapy Oncology Group (RTOG) scores. DNA was extracted from
blood and buccal swab samples. SNPs were genotyped for GSTP1, GSTA1, SOD2, and NOS3
genes by polymerase chain reaction–based restriction fragment length polymorphism.
Univariate analysis (odds ratios [ORs] and 95% confidence interval [CI]) and principal component analysis were used for correlation of SNPs and factors related to risk of developing
! grade 2 acute effects.
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Results
Sixty-five patients (81.2%) showed side effects, 32 (40%) presented moderate to severe
acute skin toxicity, and 33 (41.2%) manifested minimal acute skin reactions by the end of
treatment. In both univariate and multivariate analyses, nominally significant associations
were found among body mass index (OR, 3.14; 95% CI, 8.5338 to 1.1274; p=0.022), breast
size (OR, 5.11; 95% CI, 17.04 to 1.54; p=0.004), and grade ! 2 acute radiation skin toxicity.
A significant association was also observed between NOS3 G894T polymorphism (OR, 9.8;
95% CI, 211.6 to 0.45; p=0.041) and grade ! 2 acute radiation skin toxicity in patients with
neo-adjuvant chemotherapy treatment.
Conclusion
The analysis of the factors involved in individual radiosensitivity contributed to the understanding of the mechanisms underlying this trait.

Introduction
Survival rates for breast cancer (BC) have improved significantly in recent years due to new treatment options. However, BC remains a major killer in industrialized countries
[1]. In 2012, more than 408,000 women were diagnosed with
BC in Latin America and 92,000 died from the disease. Cur-
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rent projections suggest a 46% increase during the next two
decades. Therefore, early detection and treatment advances
may improve management and survival of BC [2].
Radiation therapy (RT) is an important tool in the treatment of BC [3]. It has been accepted as a well-established protocol after breast conserving surgery (BCS) for local tumour
control and to reduce the risk of loco-regional recurrence
[4,5]. However, this procedure presents adverse reactions in
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normal tissue, which are commonly classified as early and
late effects [6].
Acute effects occur during or shortly after treatment completion; they are usually reversible, manifest mainly in the
skin and can range from mild erythema and desquamation
to necrosis and ulceration. Late radiation toxicities can be
permanent; they occur from 6 months to several years after
treatment, and include subcutaneous fibrosis, athrophy, and
vascular damage [5,7]. The observed reactions can be doselimiting and may question a curative treatment intent. Considerable technical efforts have been made to improve the
effective tumour dose and decrease the amount of normal
tissue inevitably included in the treatment volume [8]. As a
consequence, standard radiation doses may induce different
levels of early and late side effects, and the normal tissue
response of patients will vary substantially [5,8].
Interindividual variability in normal tissue radiosensitivity
is a multifactorial trait. It depends on treatment parameters
such as total radiation dose and schedule, on clinical factors
such as age and lifestyle, and on a genetic component [9].
Normal tissue radiosensitivity is regarded as a complex polygenic trait resulting from the combined effects of multiple
common single nucleotide polymorphisms (SNPs) with
modest functional effects and low level of penetrance [10].
Several lines of evidence support a genetic basis for normal
tissue radiosensitivity; however, the specific genetic determinants and the underlying molecular mechanisms are only
partly understood [9]. The main candidate genes involved in
the pathogenesis of radiotoxicity participate in mechanisms
of DNA damage repair, pro-inflammatory response, oxidative stress, and damage sensing.
RT exerts its cytotoxic effects through direct ionization of
DNA and the production of free radicals such as reactive
oxygen species (ROS) formed by radiolysis of water. These
ROS react with cellular macromolecules, especially DNA.
Thus, genetic variants in genes involved in protection from
oxidative stress could explain the increased acute toxicity,
i.e., higher incidence of erythema after a single dose [8].
Overexpression or diminished activity of antioxidant
enzymes may strengthen the effectiveness of RT [1].
The enzymes that play a key role are manganese superoxide dismutase (SOD2), whose presence in the mitochondria
enables the dismutation of superoxide radicals to hydrogen
peroxide and oxygen, glutathione S-transferases (GSTs
alpha, mu, pi, and theta), which neutralize ROS, and prooxidant enzyme endothelial nitric oxide synthase (NOS3),
involved in the generation of reactive nitrogen species [11].
Few studies have evaluated the relationships of polymorphisms in oxidative stress–related candidate genes and acute
toxicity, while some independent studies have confirmed
correlation between them [1]. Nevertheless, some reports
support that SNPs in genes related to oxidative stress influ-

ence the occurrence of acute skin toxicity in patients with BC
[9,12]. However, more research is needed to confirm the
involvement of specific genetic variants.
In view of the above mentioned, we evaluated the association of SNPs in genes related to enzymes involved in
antioxidative activities (GSTP1, SOD2, NOS3, and GSTA1)
and the development of RT adverse acute effects in BC
patients.

Materials and Methods
1. Subjects and data collection
The current prospective study was conducted with
patients from La Plata city and surrounding areas attending
the Oncology Integrated Center, La Plata, Argentina. Eighty
samples were obtained from individuals with histologically
confirmed BC and after BCS (mean age, 59 years; age range,
26 to 79 years). The surgical procedure was quadrantectomy
in 83.75% of cases; 31.25% of patients had previously undergone chemotherapy with anthracyclines and taxanes or a
combination of both. Peripheral blood (5 mL in 5% ethylenediaminetetraacetic acid tubes) and buccal swabs were collected. Clinical data (age, body mass index [BMI], breast size,
history of diabetes, hypertension, smoking status, alcohol,
and adjuvant treatments) were obtained at the time of patient
recruitment.
Patients were administered whole breast RT with conventional fractions (50-50.4 Gy, 1.8-2 Gy/fraction) followed by a
12-18 Gy electron boost. In most cases, irradiation was performed with photon beams from a 4 MeV linear accelerator
using 3-dimensional conformal RT (3D-CRT) and in 7.5%
with 2-dimensional radiation therapy (2D-RT) for planning.
All treatments were equivalent in terms of biologically effective dose.
The acute side effects of RT developing in the skin within
the radiation field of the breast were used for measurement
of clinical radiosensitivity. The severity of these reactions
was assessed using the scoring system of the Radiation Therapy Oncology Group (RTOG) criteria. Development of acute
side effects grade ! 2 was considered to indicate increased
sensitivity for acute effects. Patients with minimal or no skin
reactions (grade < 2) were included in the control group.
Grade 2 was defined by at least one marked erythema or
moist desquamation, grade 3 as confluent moist desquamation or severe edema, and grade 4 was defined by ulceration,
hemorrhage, or necrosis. The occurrence and severity of
acute skin reactions were determined during and after RT,
given the highest degree of toxicity.
VOLUME 48 NUMBER 3 JULY 2016
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Table 1. Features of polymorphism genotyping
Gene

SNP

dbSNP ID

Primer F (5´-3´)

Primer R (5´-3´)

GSTP1

A313G

rs1695

SOD2

T47C

rs4880

NOS3

G894T

rs1799983

GSTA1

C69T

rs3957356

ACCCCAGGGCTC
TATGGGAA
CTGCGTAGACGG
TCCCG
CATGAGGCTCA
GCCCCAGAAC
GCATCAGCTTGC
CCTTCA

TGAGGGCACAAG
AAGCCCCT
TGATGTGAGGTT
CCAGGGC
AGTCAATCCCTT
TGGTGCTCAC
AAACGCTGTCAC
CGTCCTG

Annealing PCR product
temperature (°C) size (bp)

Restriction
enzymes

56

176

Alw26I

57

159

BsaWI

55

206

MboI

55

401

MnII

SNP, single nucleotide polymorphism; PCR, polymerase chain reaction.

The research protocol was approved by the Ethics Committee of the Human Genetics Association and was conducted in agreement with the Helsinki Declaration. Informed
consent was obtained from patients before inclusion in the
study and sample collection.
2. DNA extraction and genotyping of polymorphisms
The SNPs selected and their dbSNP ID (rs) were as follows:
GSTP1 Ile105Val (rs1695), SOD2 V16A (rs4880), NOS3 G894T
(rs1799983), and GSTA1 C69T (rs3957356). Total genomic
DNA was extracted from blood leukocytes and swabbing
oral mucosa. DNA quality was evaluated by spectrophotometer analysis (Nanovue, GE Heathcare, Buckinghamshire, UK). Samples were centrifuged at 12,000 rpm for 4 minutes. The supernatant was discarded, followed by successive
washes with TE buffer (10 mM Tris-HCl, 0.1 mM EDTA) for
removal of all traces of erythrocytes. The cell pellet obtained
from the samples was incubated for 24 hours at 56°C in 300
µL of extraction buffer (50 mM Tris-HCl pH 8.5, 1 mM EDTA,
1% Triton X-100, and 0.5% Tween 20) and 10 µL of proteinase
K (10 mg/mL, Promega, Madison, WI). Proteinase K was
|inactivated by boiling for 10 minutes. DNA samples were
stored at –20°C until use; 3 µL DNA were then used in performance of polymerase chain reaction (PCR) amplifications.
Polymorphisms were determined using the PCR-based
restriction-fragment-length-polymorphism technique. PCR
was performed in a total reaction volume of 25 µL using Taq
DNA polymerase (Genbiotech, Buenos Aires, Argentina).
Primer pairs were used at a concentration of 0.5 pmol/µL
(Table 1). For all polymorphisms, cycling conditions were
94°C for 3 minutes, followed by 35 cycles of 94°C for 30 seconds, 55-57°C for 30 seconds, and 72°C for 30 seconds, with
a final extension of 72°C for 3 minutes. PCR-products harboring the SNPs were digested overnight with 5 U of restriction enzymes (total volume, 15 mL; New England Biolabs,
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Ipswich, MA; Thermo Fisher Scientific, Fremont, CA) at the
recommended temperatures. Digestions were as follows:
GSTP1 with Alw26I to yield fragments of 83 bp and 93 bp;
NOS3 with MboI (87 bp and 119 bp), SOD2 with BsaWI (74
bp and 85 bp), and GSTA1 with MnII (77 bp and 70 bp). They
were resolved on 8%-10% polyacrylamide gels and visualized after staining with ethidium bromide.
3. Statistical analyses
Each polymorphism was tested for deviation from HardyWeinberg equilibrium (HWE) by comparing the observed
and expected genotype frequencies using Pearson’s chisquare test. The effect of clinical factors and genetic variables
on the risk of RT-induced acute skin toxicity was evaluated
by univariate logistic regression analysis. Odds ratios (ORs)
and their 95% confidence intervals (CI) were used as estimates of relative risk. Variables were analyzed by calculating
correlations. Principal component analysis was used to
determine the degree of association between variables and
which variables contributed to variations in radiotoxicity.
Statistical analyses were performed using the IBM SPSS ver.
19 (IBM Co., Armonk, NY).

Results
1. SNPs and radiotoxicity
Sixty-five patients (81.2%) presented adverse side effects,
32 (40%) experienced moderate to severe acute skin toxicity
(RTOG grade 2-4), while 33 (41.2%) manifested minimal
acute skin reactions (RTOG grade 1). Pulmonary toxicity was
not recorded in any of the patients.
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Frequency

0.8

Obs allele A

0.7

Exp allele A AMR

0.6

Obs allele a
Exp allele a AMR

0.5
0.4
0.3
0.2

(OR, 3.14; 95% CI, 8.5338 to 1.1274; p=0.0222) and breast size
(OR, 5.11; 95% CI, 17.04 to 1.54; p=0.004) with acute skin
reactions. Thus, patients with BMI > 25 kg/m2 and medium
and large breast were at greater risk of developing radiodermitis.
In addition, when comparing type of treatment (2D-RT
and 3D-CRT) and radiotoxicity, no significant differences
were observed (OR, 1.44; 95% CI, 8.37 to 0.25; p=0.68).

0.1
0

GSTP1

SOD2

NOS3

GSTA1

Fig. 1. Distribution of each allele for studied genes. Obs,
observed; Exp, expected; AMR, American.

All genotype distributions were in HWE both in control
and in individuals with radiodermitis grade ! 2 (p > 0.05).
The observed minor allele frequencies of GSTP1, NOS3,
SOD2, and GSTA1 were compared with those reported for
the American population from phase 1 of the 1000 Genomes
Project in the dbSNP database (Fig. 1).
The results of univariate analysis showed no significant
association of the polymorphisms in oxidative stress genes
with risk for development of acute skin reactions (cut-off
p-value < 0.05) (Table 2) in the patients studied. On the other
hand, in analysis of only patients treated with neo-adjuvant
chemotherapy (n=25, 31.25%), homozygous carriers of the
NOS3 894T allele (OR, 9.8; 95% CI, 211.6 to 0.45; p=0.041)
were at higher risk of developing acute skin reactions. However, no statistically significant OR was observed with other
SNPs in this group.
2. Other factors affecting radiotoxicity
The clinical characteristics of patients are listed in Table 3.
Mean age was 59.44 years. Older women presented higher
radio-toxicity. Differences were observed in 33 patients grade
! 2 (mean age, 66.30 years) and 47 patients grade < 2 (mean
age, 58.87 years).
None of the patients reported previous therapeutic exposure to ionizing or non-ionizing radiation, except for one
who had undergone radiotherapy twice in the same breast
with a 38-month interval between treatments who presented
significant radiotoxicity (grade 4).
The reported vitamin and dietary supplements consumed
by patients, individual factors including smoking habits,
alcohol consumption, anemia, hypertension, diabetes, and
severe acute radiotoxicity were not significant (data not
shown). However, we found a positive correlation of BMI

Discussion
This is the first study conducted in our country for analysis
of gene variants related to DNA damage response pathways
after ionization radiation on the risk of developing acute skin
radiation toxicity in patients with BC receiving RT after BCS.
These reactions can affect the therapeutic program and
worsen the patient quality of life [4,12].
Individual radiosensitivity is a phenotype that can occur
in several phases of treatment. Because its intensity depends
on RT-related factors and individuals, we characterized different parameters in our population and correlated them
with radio-induced skin reactions.
According to Schnur et al. [13], the majority of BC patients
(74%-100%) will experience radiodermitis during the course
of RT. Our results agree with the above mentioned results
since 81.2% of our patients had skin toxicity, with a higher
incidence of grades 1 and 2 (68.8%) compared with grades 3
and 4 (12.5%) (Table 3).
As indicated by radiation oncologists, grades 1 and 2 are
usually tolerated by the patient, who can continue with RT.
However, the toxicity of grades 3 and 4 requires the suspension of treatment and intervention with therapeutic agents.
In this study, all patients concluded with the total dose
planned.
The pathogenesis of normal tissue is a dynamic process initiated in response to cell death. In recent years, the role of
free radicals in the maintenance of chronic stress which
interferes with the recovery of normal tissue has been evaluated. The emerging concept holds that there is no recovery
of chronic tissue damage caused by ROS, pro-inflammatory
cytokines and chemokines, which result in progressive damage and end in tissue injury [14]. Considering the pathways
previously mentioned and that radiosensitivity is a polygenic
trait, in this study the genes analyzed were selected based on
their role in the establishment of antioxidant status. Thereby,
we began evaluating SNPs GSTP1 Ile105Val (rs1695) and
GSTA1 C69T (rs3957356). The low activity variant of GSTP1
was associated with a greater than 2-fold risk for acute reactions of the irradiated skin in BC patients [15]. In addition,
VOLUME 48 NUMBER 3 JULY 2016
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Table 2. Association between GSTP1, SOD2, NOS3, and GSTA1 polymorphisms and risk of developing acute skin toxicity
after RT in BC patients
Gene

Genotype

No. (%)

Grade 0-1

! Grade 2

GSTP1

AA
AG
GG
TT
TC
CC
GG
GT
TT
CC
CT
TT

25 (31.25)
38 (47.50)
17 (21.25)
18 (22.50)
45 (56.25)
17 (21.25)
30 (37.50)
34 (42.50)
16 (20)
16 (20)
50 (62.50)
14 (17.50)

15
24
8
9
27
11
16
22
9
11
29
7

10
14
9
9
18
6
14
12
7
5
21
7

SOD2

NOS3

GSTA1

OR (95% CI)

p-value

1.0781 (2.8241-0.4116)
1.8281 (5.3813-0.6210)

0.8783
0.2698

0.6316 (1.8154-0.2197)
0.7273 (2.2131-0.2389)

0.3916
0.574

0.7004 (1.7521-0.28)
1.1367 (3.4375-0.3759)

0.4459
0.8203

1.7111 (5.4957-0.5328)
1.5385 (4.8986-0.4831)

0.3636
0.464

RT, radiation therapy; BC, breast cancer; OR, odds ratio; CI, confidence interval.

Table 3. Clinical and demographic characteristics of BC
patients
Characteristic
Age
Mean (range, yr)
BMI (kg/m2)
< 25
> 25
Tumor localization
Left breast
Right breast
Chemotherapy neoadjuvant (yes/no)
Diabetes (yes/no)
Hypertension (yes/no)
Smoking (yes/no)
Alcohol consumption (yes/no)
Skin reactions (RTOG)
Grade 0
Grade I
Grade II
Grade III
Grade IV

No. (%) (n=80)
59 (26-79)
32 (42.7)
43 (57.3)
49 (61.3)
31 (38.7)
25/50
10/69
30/49
19/57
4/72
15 (18.8)
33 (41.3)
22 (27.5)
8 (10)
2 (2.5)

BC, breast cancer; BMI, body mass index; RTOG, Radiation Therapy Oncology Group.

Falvo et al. [16] reported a protective role as a trend for wt
GSTP1. However, and the same as in another report [17], in
this study no statistically significant association was observed between GSTP1 and radiosensitivity. On the other hand,
an association between GSTA1 (rs3957356) and adverse skin
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effects could not be demonstrated. Opposite to this, Falvo et
al. [16] reported an association between wt GSTA1 and erythema, and Ambrosone et al. [15] found this allele as a protective agent.
Regarding SOD2 gene, none of the genotypes was associated with risk of radiotoxicity, in coincidence with Ahn et al.
[12]. However, Ambrosone et al. [18] found that genotypes
related to higher oxidative stress were associated with better
BC survival.
Finally, we found association between acute radiotoxicity
and NOS3 homozygous T allele in patients who received
neoadjuvant chemotherapy. The enzyme NOS3 catalyzes the
production of the free radical nitric oxide (NO), and the
894G>T variant in the NOS3 gene results in a 298Glu>Asp
substitution that alters susceptibility to cleavage and leads
to reduced NO levels [19]. Probably, the decreased NO
would produce a lower vasodilator mediated effect and,
consequently, a lower intake of oxygen and nutrients needed
for tissue reconstruction. Likewise, it could exacerbate
chemotherapy-induced damage in situ, considering that
anthracycline-mediated oxidative stress is responsible for
membrane lipid peroxidation. This free radical activates the
immune system, which is central to the establishment of RT
side effects [14]. Because this trait is influenced by quantitative genetics, a multivariate analysis was performed, without
achieving positive correlations. This is in line with most studies in BC patients [20] showing no significant association
between the vast majority of SNPs and acute effects.
In addition to genetic analysis, others factors influencing
the development of radiosensitivity were considered, including the clinical data recorded and the characteristics associated with treatment. In the case of the age of patients, older
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women presented higher toxicity. These results argue against
other studies suggesting that RT is well tolerated in old
patients [21]. Concerning smoking, no significant association
was found, probably due to the low incidence of smokers in
this population. In the case of hypertension, at least 38% of
patients were hypertensive, and no statistical significance
was observed with relation to the severity of skin reactions.
Only 8% of patients presented with diabetes. However, no
other study has shown diabetes as a predisposing factor for
adverse skin reactions [21,22]. In agreement with these
results, Terrazzino et al. [9] reported that no solid that diabetes mellitus, hypertension or smoking status were predisposing factors for acute radiosensitivity [22,23].
Among other clinical features investigated, the results of
multivariate analysis showed that breast size and BMI were
predictors of acute skin toxicity, in agreement with Terrazzino et al. [9]. Several studies consider that breast size is
important because the volume irradiated is a factor related
to radiation and interferes in the incidence and severity of
side effects. Larger breast volumes require application of
larger doses on the skin to reach the desired dosage in tissue
and deeper structures [9,21]. Our results substantiate those
showing a more intense skin reaction in medium and large
breasts [24]. In addition, Twardella et al. [25] previously
reported an association of overweight/obesity (BMI > 25
kg/m2) with an increased risk of acute radiotoxicity. In relation to this parameter, whereas individuals with normal BMI
presented one third of acute effects grade ! 2, overweight/
obesity patients showed half of these effects.

Conclusion
Given the importance of BC as a frequent pathology in our
region, studies are important not only to improve prevention
but also to optimize treatment. In relation to RT, it is important to elucidate the mechanisms underlying radiotoxicity as
well as to establish or confirm associations between genetic
variants and risk of developing severe acute effects. Our
results could not prove the association between radiotoxicity
and oxidative stress genes, due in part to the small sample
size and the low penetrance alleles. However, considering
that radiotoxicity is a multifactorial trait, the participation of
other mutations in these genes or in sequences regulated by
them, epigenetic changes or other candidate genes cannot be
excluded.

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

Acknowledgments
The authors gratefully acknowledge the study participants
for their cooperation and voluntary participation. Thanks are
also due to the team of doctors, medical physicists, and
administrative staff of the Integrated Oncology Center for
their assistance in this study. E.E. Córdoba is a fellow of the
Consejo Nacional de Investigaciones Científicas y Técnicas,
Argentina. We also thank A. Di Maggio for language editing.

References
1. Seibold P, Hall P, Schoof N, Nevanlinna H, Heikkinen T, Benner A, et al. Polymorphisms in oxidative stress-related genes
and mortality in breast cancer patients: potential differential
effects by radiotherapy? Breast. 2013;22:817-23.
2. Pan American Health Organization. Breast Cancer in the
Americas. GLOBOCAN 2012 [Internet]. Washington, DC:
Regional Office for the Americas of the World Health Organization; 2015 [cited 2015 Dec 1]. Available from http://www.
paho.org/.
3. Henriquez-Hernandez LA, Bordon E, Pinar B, Lloret M,

Rodriguez-Gallego C, Lara PC. Prediction of normal tissue
toxicity as part of the individualized treatment with radiotherapy in oncology patients. Surg Oncol. 2012;21:201-6.
4. West CM, Barnett GC. Genetics and genomics of radiotherapy
toxicity: towards prediction. Genome Med. 2011;3:52.
5. Terrazzino S, La Mattina P, Gambaro G, Masini L, Franco P,
Canonico PL, et al. Common variants of GSTP1, GSTA1, and
TGFbeta1 are associated with the risk of radiation-induced
fibrosis in breast cancer patients. Int J Radiat Oncol Biol Phys.
2012;83:504-11.

VOLUME 48 NUMBER 3 JULY 2016

953

Cancer Res Treat. 2016;48(3):948-954

6. Bentzen SM, Dorr W, Anscher MS, Denham JW, Hauer-Jensen
M, Marks LB, et al. Normal tissue effects: reporting and analysis. Semin Radiat Oncol. 2003;13:189-202.
7. Barnett GC, West CM, Dunning AM, Elliott RM, Coles CE,
Pharoah PD, et al. Normal tissue reactions to radiotherapy:
towards tailoring treatment dose by genotype. Nat Rev Cancer. 2009;9:134-42.
8. Popanda O, Marquardt JU, Chang-Claude J, Schmezer P.
Genetic variation in normal tissue toxicity induced by ionizing
radiation. Mutat Res. 2009;667:58-69.
9. Terrazzino S, La Mattina P, Masini L, Caltavuturo T, Gambaro
G, Canonico PL, et al. Common variants of eNOS and XRCC1
genes may predict acute skin toxicity in breast cancer patients
receiving radiotherapy after breast conserving surgery. Radiother Oncol. 2012;103:199-205.
10. Andreassen CN, Alsner J, Overgaard M, Overgaard J. Prediction of normal tissue radiosensitivity from polymorphisms in
candidate genes. Radiother Oncol. 2003;69:127-35.
11. Funke S, Risch A, Nieters A, Hoffmeister M, Stegmaier C,
Seiler CM, et al. Genetic polymorphisms in genes related to
oxidative stress (GSTP1, GSTM1, GSTT1, CAT, MnSOD, MPO,
eNOS) and survival of rectal cancer patients after radiotherapy. J Cancer Epidemiol. 2009;2009:302047.
12. Ahn J, Ambrosone CB, Kanetsky PA, Tian C, Lehman TA,
Kropp S, et al. Polymorphisms in genes related to oxidative
stress (CAT, MnSOD, MPO, and eNOS) and acute toxicities
from radiation therapy following lumpectomy for breast cancer. Clin Cancer Res. 2006;12:7063-70.
13. Schnur JB, Love B, Scheckner BL, Green S, Wernicke AG,
Montgomery GH. A systematic review of patient-rated measures of radiodermatitis in breast cancer radiotherapy. Am J
Clin Oncol. 2011;34:529-36.
14. Kim JH, Jenrow KA, Brown SL. Mechanisms of radiationinduced normal tissue toxicity and implications for future clinical trials. Radiat Oncol J. 2014;32:103-15.
15. Ambrosone CB, Tian C, Ahn J, Kropp S, Helmbold I, von
Fournier D, et al. Genetic predictors of acute toxicities related
to radiation therapy following lumpectomy for breast cancer:
a case-series study. Breast Cancer Res. 2006;8:R40.
16. Falvo E, Strigari L, Citro G, Giordano C, Arcangeli S, Soriani

954

CANCER RESEARCH AND TREATMENT

A, et al. Dose and polymorphic genes xrcc1, xrcc3, gst play a
role in the risk of articledeveloping erythema in breast cancer
patients following single shot partial breast irradiation after
conservative surgery. BMC Cancer. 2011;11:291.
17. Tan XL, Popanda O, Ambrosone CB, Kropp S, Helmbold I,
von Fournier D, et al. Association between TP53 and p21
genetic polymorphisms and acute side effects of radiotherapy
in breast cancer patients. Breast Cancer Res Treat. 2006;97:
255-62.
18. Ambrosone CB, Ahn J, Singh KK, Rezaishiraz H, Furberg H,
Sweeney C, et al. Polymorphisms in genes related to oxidative
stress (MPO, MnSOD, CAT) and survival after treatment for
breast cancer. Cancer Res. 2005;65:1105-11.
19. Veldman BA, Spiering W, Doevendans PA, Vervoort G, Kroon
AA, de Leeuw PW, et al. The Glu298Asp polymorphism of the
NOS 3 gene as a determinant of the baseline production of
nitric oxide. J Hypertens. 2002;20:2023-7.
20. Andreassen CN, Alsner J. Genetic variants and normal tissue
toxicity after radiotherapy: a systematic review. Radiother
Oncol. 2009;92:299-309.
21. Pires AM, Segreto RA, Segreto HR. RTOG criteria to evaluate
acute skin reaction and its risk factors in patients with breast
cancer submitted to radiotherapy. Rev Lat Am Enfermagem.
2008;16:844-9.
22. Porock D, Kristjanson L, Nikoletti S, Cameron F, Pedler P. Predicting the severity of radiation skin reactions in women with
breast cancer. Oncol Nurs Forum. 1998;25:1019-29.
23. Turesson I, Nyman J, Holmberg E, Oden A. Prognostic factors
for acute and late skin reactions in radiotherapy patients. Int J
Radiat Oncol Biol Phys. 1996;36:1065-75.
24. Back M, Guerrieri M, Wratten C, Steigler A. Impact of radiation therapy on acute toxicity in breast conservation therapy
for early breast cancer. Clin Oncol (R Coll Radiol). 2004;16:
12-6.
25. Twardella D, Popanda O, Helmbold I, Ebbeler R, Benner A,
von Fournier D, et al. Personal characteristics, therapy modalities and individual DNA repair capacity as predictive factors
of acute skin toxicity in an unselected cohort of breast cancer
patients receiving radiotherapy. Radiother Oncol. 2003;69:
145-53.

pISSN 1598-2998, eISSN 2005-9256
http://dx.doi.org/10.4143/crt.2015.191

Cancer Res Treat. 2016;48(3):955-961

Open Access

Original Article

Analysis of BRIP1 Variants among Korean Patients with BRCA1/2
Mutation-Negative High-Risk Breast Cancer

Purpose
The aim of the current study is to assess the spectrum of genetic variation in the BRIP1
gene among Korean high-risk breast cancer patients who tested negative for the BRCA1/2
mutation.
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Materials and Methods
Overall, 235 Korean patients with BRCA1/2 mutation–negative high-risk breast cancer were
screened for BRIP1 mutations. The entire BRIP1 gene was analyzed using fluorescent-conformation sensitive gel electrophoresis. In silico analysis of BRIP1 variants was performed
using PolyPhen-2 and SIFT.
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Results
A total of 20 sequence alterations including 12 exonic and eight intronic variants were found.
Among the 12 exonic variants, 10 were missense and two were silent mutations. No protein-truncating mutation was found among the tested patients. Among the 10 missense
variants, four (p.L263F, p.L340F, p.L474P, and p.R848H) were predicted to be pathogenic
by both PolyPhen-2 and SIFT, and these variants were found in five patients. Of the four
missense variants, p.L263F, p.L474P, and p.R848H localize to regions between the helicase
motifs, while p.L340F resides in an iron-sulfur domain of BRIP1.
Conclusion
No protein-truncating mutation in BRIP1 was found among the tested patients. The contribution of BRIP1 variants is thought to be minor in Korean non-BRCA1/2 high-risk breast
cancer.
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Introduction
Inherited mutations of certain genes contribute to the risk
of breast cancer in approximately 15% of breast cancer

│ http://www.e-crt.org │

Key words
BRIP1, BRCA1, BRCA2,
Hereditary breast and ovarian cancer syndrome, Korea

patients [1]. Among the susceptible genes for breast cancer,
BRCA1 and BRCA2 (BRCA1/2) are considered most important as their mutations are associated with a high risk of
breast cancer. Patients carrying deleterious mutations in one
of the genes have a 40%-80% lifetime risk of breast cancer [2].
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However, only about 20% of hereditary breast cancer is
caused by the BRCA1/2 mutations, suggesting that other
genes account for the remaining non-BRCA1/2–mutated
hereditary breast cancer [2].
Korean patients with breast cancer are characteristically
younger than their Caucasian counterparts. As of 2011, the
median age of Korean breast cancer patients is 50 years. This
is more than 10 years younger than that of patients in the
United States [3]. Given a strong correlation between early
occurrence of cancer and cancer susceptibility of patients,
specific genetic alterations are believed to be linked to the
development of breast cancer among Korean patients. Previous studies on Korean patients found that 8.6%-21.7% of
patients with high-risk breast cancer have BRCA1/2 mutations [4]. In addition to BRCA1/2, other genes including
CHEK2 and PALB2 were tested for significance in predisposition to Korean breast cancer. No mutation was found in
these genes among the tested patients [5,6]. Thus, a significant proportion of genetic causes of Korean high-risk breast
cancer remain unknown.
BRCA1-interacting protein C-terminal helicase 1 (BRIP1)
encodes a protein binding partner of BRCA1 and functions
in the process of DNA repair [7]. Sequence variants in BRIP1
are reported to be associated with development of breast cancer in Caucasian patients [2]. However, there is a paucity of
data regarding the role of BRIP1 variants in Korean high-risk
breast cancer. In the current study, we analyzed the BRIP1
gene in high-risk Korean breast cancer patients without the
BRCA1/2 mutation in order to assess the frequency of BRIP1
mutation among the patients.

Materials and Methods
1. Patients and controls
High-risk breast cancer patients without the BRCA1/2
mutation were enrolled in the current study. All participants
were clinically screened for BRCA1/2 mutations using fluorescent-conformation sensitive capillary electrophoresis
(F-CSCE) and traditional sequencing. Detailed methods were
previously described [8]. Because two previous studies
reported that the large genomic rearrangements of BRCA1/2
are rare in the Korean population [9], multiplex ligationdependent probe amplification analysis for large genomic
rearrangement was not performed in the current study.
All patients were participants in the Korean Hereditary
Breast Cancer (KOHBRA) study, conducted from 2008 to
2013 to evaluate the distribution of the BRCA1/2 mutation in
Korean high-risk breast cancer patients [8]. Among the high-
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risk patients who did not have the BRCA1/2 mutation, individuals who gave consent for analysis of the BRIP1 gene
were included in the current research. The criteria for highrisk breast cancer patients were as follows: patients with a
family history of breast or ovarian cancer in any relative;
patients with breast cancer diagnosed at age 40 years or
younger; patients with bilateral breast cancer; and male
patients with breast cancer. In addition, 50 healthy females
aged 28-36 years were selected as a control group for analysis
of BRIP1 missense variants. The women in the control group
underwent genetic testing during the prenatal screening program at the LabGenomics Clinical Research Institute and had
no personal or familial history of breast or ovarian cancer.
The current study was approved by the Institutional Review
Board of the Ethics Committee of Samsung Medical Center.
2. Mutation detection
Genomic DNA was extracted from peripheral blood using
a G-DEX IIb DNA Extraction Kit (Intron, Seongnam, Korea),
following the protocol of the manufacturer. Sequence variations in the BRIP1 gene were analyzed using the combination
methods of F-CSCE and direct sequencing, based on the
institute’s own protocols, as described previously [4,10]. In
short, fluorescent polymerase chain reaction (PCR) products
were synthesized by amplifying 21 DNA fragments that
overlapped the 19 coding exons and exon/intron boundaries
of BRIP1. Primer sequences are available on request. Heteroduplexes were generated by denaturation and annealing
of the PCR products, followed by separation on an AB
3130XL sequencer (Life Technology, Carlsbad, CA). F-CSCE
peak pattern analysis was performed using GeneScane and
Genotypere software (Life Technology). Following identification of a subset of PCR products with aberrant F-CSCE patterns, the PCR products were amplified using the same
primers used for F-CSCE. These DNA fragments were
sequenced in both directions on an AB 3730XL (Life Technology), in accordance with the manufacturer's instructions. All
variants were confirmed by repeating both the PCR and
sequencing analyses. All sequence variants are described
according to the Human Genome Variation Society (HGVS)
mutation nomenclature [11]. In the current study, variations
are categorized as novel sequence variations when they cannot be found in publically available sequence variation databases including dbSNP (http://www.ncbi.nlm.nih.gov/snp/),
Exome Aggregation Consortium (EXAC; http://exac.broadinstitute.org/), Leiden Open Variation Database (LOVD;
http://www.lovd.nl/3.0/), Human Genome Mutation Database (HGMD; http://www.hgmd.cf.ac.uk/ac/), ClinVar (http://
www.ncbi.nlm.nih.gov/clinvar/), 1000 Genomes (http://www.
1000genomes.org/), and Exome Variant Server (http://evs.
gs.washington.edu/EVS/).
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The in silico analyses of the BRIP1 variants were performed
using Polymorphism Phenotyping ver. 2 (PolyPhen-2;
http://genetics.bwh.harvard.edu/pph2) and Sorting Intolerant From Tolerant (SIFT; http://sift.jcvi.org/index.html) to
predict the impact on the function of a protein. In the
PolyPhen-2 program, the investigated mutation is categorized as probably damaging (probability score greater than
0.85), possibly damaging (probability score between 0.16 and
0.85), or benign (probability score less than or equal to 0.15).
SIFT is a tool for sorting intolerant from tolerant amino acids
in the base of a sequence homology. The evaluated amino
acid substitution is predicted as deleterious if the score is less
than 0.05 and is predicted to be tolerated if the score is
greater than or equal to 0.05. The missense variants predicted
to be deleterious by in silico analyses were genotyped among
females in the control group to compare frequencies of
occurrence of the variants between the patients and the control groups.

Results
1. Patient characteristics
A total of 235 patients with breast cancer underwent
genetic testing for BRIP1 mutations. Of the participants, 89
had familial breast cancer, 76 had early-onset breast cancer,
43 had early-onset breast cancer along with a family history
of breast or ovarian cancer, six had bilateral breast cancers,
eight had bilateral breast cancer along with a family history
of breast or ovarian cancer, four had bilateral breast cancer
and were diagnosed at age 40 years or younger, two had
early-onset bilateral breast cancer along with a family history
of breast or ovarian cancer, and seven were male patients
with breast cancer. The median age at diagnosis was 46 years
(range, 21 to 68 years).
2. Genetic analysis of BRIP1
Detailed data of BRIP1 sequence analysis are shown in
Table 1. Overall, 20 BRIP1 sequence variants were found. Of
the variants, 12 were located in protein-coding regions, and
eight were in introns. Among the 12 exonic variants, there
were 10 missense and two silent mutations. Notably, no protein truncating mutation was found among the tested
patients. Among the 10 missense variants, two (c.787C>T,
and c.1421T>C) were novel and eight (c.430G>A, c.587A>G,
c.1018C>T, c.1442G>A, c.2543G>A, c.2755T>C, 2830C>G,
and c.2854A>G) were previously described.
The effects of the 10 coding missense variants were ana-

lyzed by PolyPhen-2 and SIFT. The c.787C>T (p.L263F),
c.1018C>T (p.L340F), c.1421T>C (p.L474P), and c.2543G>A
(p.R848H) variants were predicted to be pathogenic by both
programs. These four missense mutations were found in five
patients. Clinical information on the five patients is shown
in Table 2. The four missense mutations were not detected
among the females in the control group.

Discussion
In the current study, BRIP1 sequence variations including
three novel variants were identified in Korean patients with
non-BRCA1/2 high-risk breast cancer. Among the variants,
four missense variants were predicted to be deleterious by
in silico analyses and were found to be rare, with a frequency
of 1.27% in the study population. In addition, no proteintruncating BRIP1 mutation was identified among the tested
patients. Therefore, it is less likely that variations in BRIP1
account for a significant proportion of non-BRCA1/2 highrisk breast cancer among Koreans.
BRIP1, also known as the BRCA1-associated C-terminal
DNA helicase 1 (BACH1) or Fanconi anemia complementation group J (FANCJ), is a DNA helicase that directly interacts with the BRCT domain of BRCA1 and participates in
DNA repair and checkpoint control [7]. Homozygous mutations in BRIP1 result in Fanconi anemia, which shows congenital anomalies, bone marrow failure, and increased
prevalence of cancers [12]. In addition, inactivation of BRIP1
alters certain functions of BRCA1, suggesting that BRIP1 is a
candidate breast cancer-associated gene [13]. Heterozygous
germline mutations in BRIP1 are reported to increase the risk
of breast cancer. A case-control study found that carriers of
truncating mutations in BRIP1 showed a 2-fold increase in
breast cancer risk compared to healthy individuals [12]. The
study, which included 1,212 UK patients with non-BRCA1/2
high-risk breast cancer, found five distinctive truncating mutations among nine patients. In addition, three different truncating mutations have been identified in other studies;
however, the frequencies of the protein-truncating variants
was low at 0.7%-2.0% in the patients with non-BRCA1/2 highrisk breast cancer [14-16]. In addition, several studies conducted on patients with various ethnicities failed to identify
BRIP1 protein-truncating variants in their study cohorts [1719]. Consistent with these studies, we found no BRIP1 protein-truncating variants in our study population, suggesting
that the BRIP1 protein-truncating variant is less likely to contribute to the risk of breast cancer among Korean patients
with non-BRCA1/2 high-risk breast cancer. Nonetheless,
there is a possibility of missing BRIP1 truncating variants
VOLUME 48 NUMBER 3 JULY 2016
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c.380-17T>A
c.508-31C>G
c.918+15T>A
c.1140+91dupT
c.1629-48T>C
c.1795-47G>C
c.1936-70C>A
c.2257+19A>C

c.430G>A
c.587A>G
c.787C>T
c.1018C>T
c.1421T>C
c.1442G>A
c.2543G>A
c.2637A>G
c.2755T>C
c.2830C>G
c.2854A>G
c.3411T>C

Nucleotide
change

-

p.A144T
p.N196S
p.L263F
p.L340F
p.L474P
p.G481D
p.R848H
p.S919P
p.Q944E
p.I952V
-

Effect on
protein

1/470
131/470
11/470
133/470
1/470
114/470
1/470
13/470

3/470
2/470
2/470
1/470
1/470
2/470
1/470
118/470
119/470
2/470
2/470
134/470

Patient

-

0/100
0/100
0/100
-

Control

Allele frequency

-

Tolerated
Tolerated
Damaging
Damaging
Damaging
Tolerated
Damaging
Tolerated
Tolerated
Tolerated
-

SIFT result

-

0.55
0.74
0.01
0.04
0.02
0.12
0.00
0.28
1.00
0.68
-

SIFT score

-

Probably damaging
Benign
Probably damaging
Probably damaging
Probably damaging
Probably damaging
Probably damaging
Benign
Possibly damaging
Benign
-

PolyPhen-2
result

-

0.999
0.030
1.000
0.981
0.996
1.000
1.000
0.001
0.634
0.001
-

PolyPhen-2
score

rs4988344
rs117820198
rs11390869
rs4988351
rs77851913

rs116952709
rs374334794
rs4986765
rs4986764
rs140233356
rs200239986
rs4986763

dbSNP

E
L, D, V, E
L, C, D, E
L, D, V, E
C
L, D, V, E

L, C, T, V, E
L, C, E
E
C, E
C, T, V
L, D, T, V, E
L, C, D, T, V, E
L, H, C, D, T, E
D, T, E
L, D, T, V, E

Reference
database

SIFT, Sorting Intolerant From Tolerant; PolyPhen-2, Polymorphism Phenotyping ver. 2; L, Leiden Open Variation Database (LOVD; http://www.lovd.nl/3.0/); C,
ClinVar (http://www.ncbi.nlm.nih.gov/clinvar/); T, 1000Genome (http://www.1000genomes.org/); V, Exome Variant Server (http://evs.gs.washington.edu/EVS/);
E, Exome Aggregation Consortium (EXAC; http://exac.broadinstitute.org/); D, dbSNP (http://www.ncbi.nlm.nih.gov/SNP/); H, Human Genome Mutation Database (HGMD; http://www.hgmd.cf.ac.uk/ac/).

Coding region
Exon 5
Exon 6
Exon 7
Exon 8
Exon 10
Exon 10
Exon 18
Exon 19
Exon 19
Exon 19
Exon 19
Exon 20
Non-coding region
Intron 5
Intron 6
Intron 7
Intron 8
Intron 12
Intron 13
Intron 14
Intron 15

Location

Table 1. Sequence variants in the BRIP1 gene among 235 Korean patients with high-risk breast cancer and 50 control subjects
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c.1421T > C
c.2543G > A
4
5

33
54

Breast cancer
Bilateral breast cancer and ovarian cancer

Hepatic cancer (grandfather), lung cancer (maternal grandfather)
Lung cancer (maternal uncle)
Breast cancer (maternal cousin, diagnosed in her 50s),
pancreas cancer (mother), stomach cancer (father)
Breast cancer (aunt, diagnosed in her 60s), leukemia (maternal aunt)
Bilateral breast cancer
Breast cancer
Breast cancer
25
42
46
c.787C > T
c.787C > T
c.1018C > T
1
2
3

Family history of cancer
Type of cancer
Age at diagnosis
Variant
Patient No.

Table 2. Clinical information on the five patients with missense variants predicted to be deleterious by in silico analyses
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among Korean patients because we analyzed the BRIP1
sequence in only 235 patients with high-risk breast cancer.
Further research including a larger number of patients is
warranted to accurately estimate the frequency of BRIP1
truncating variants in Korean patients with breast cancer.
In addition to the protein-truncating BRIP1 mutations,
missense variants in BRIP1 have been suggested to be related
to breast cancer predisposition. Cantor and Andreassen [13]
first described missense variants in BRIP1, p.P47A and
p.M299I, among patients with early-onset breast cancer. Each
variant was identified in one of the 86 patients with breast
cancer, while the variants were not detected in healthy control subjects. In addition, the stability of BRIP1 containing the
p.P47A mutant was markedly reduced in cultured cells [12].
However, p.P47A was confirmed to be unrelated to breast
cancer predisposition in a case-control study including a
large number of patients and controls [14]. Since these studies, several BRIP1 missense variants including p.R173C,
p.V193I, p.Q944E, and p.P1034L have been identified and
evaluated in terms of their roles in breast cancer susceptibility. Nonetheless, the contribution of BRIP1 missense variants
to breast cancer predisposition remains controversial [20]. In
the current study, we found 10 missense variants in the coding region of BRIP1, four of which were predicted to alter
BRIP1 function by in silico analyses. Among the four missense variants, p.L263F, p.L474P, and p.R848H localize to
regions between the helicase motifs of BRIP1. These variants
are thought to be deleterious and are found among patients
with high-risk breast cancer. However, functional evaluations of the variants and further case-control studies are
needed to confirm their roles in breast cancer predisposition
in Koreans.
Of note, we found a missense variant p.L340F, which
resides in an iron-sulfur (Fe-S) domain of BRIP1 in one of the
235 patients in the current analysis. The patient had a family
history of cancer on the maternal side, pancreas cancer in the
mother, and breast cancer in a maternal cousin. The Fe-S
domain of BRIP1 is proposed to play a fundamental role in
DNA strand displacement, which is essential for helicase
activity [21]. As a superfamily 2 helicase, BRIP1 contains
seven conserved helicase motifs in residues 1-888, along with
the Fe-S domain (residues 276-362) [7,21]. Previously, a missense mutation, p.A349P, which resides in the Fe-S domain
of BRIP1, was found in a stillborn fetus who presented with
a severe phenotypic abnormality and intrauterine growth
failure [22]. A subsequent functional analysis of a recombinant BRIP1-A349P protein showed that the A349P mutant
protein was unable to couple ATP hydrolysis and translocase
activity, which is necessary for DNA unwinding [23].
Another missense variant, p.M299I, which localizes to the
Fe-S domain, was identified in a case of early-onset breast
cancer [7]. Unlike the A349 mutant, the recombinant BRIP1VOLUME 48 NUMBER 3 JULY 2016
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M299I protein showed increased helicase activity compared
to a wild-type recombinant BRIP1, along with proficient
unwinding DNA substrates [24]. It is suggested that
increased enzyme activity by p.M299I, which is caused by
perturbation of the Fe-S cluster or structural effects, may contribute to cancer progression [25]. Based on the important
functions of the Fe-S domain of BRIP1, the p.L340F variant
found in the current study may have significant roles in
breast cancer predisposition. The current study is the first to
report a variant located in the Fe-S domain of BRIP1 since
finding the p.M299I variant in patients with early-onset
breast cancer. Functional effects of the sequence alteration
should be evaluated in future studies.
Because protein-truncating mutation in BRIP1 was not
identified in the current study, it is unlikely that alterations
in BRIP1 significantly contribute to the susceptibility of
breast cancer in Korean patients. Furthermore, even though
BRIP1 missense variants were found, the role of the variants
in the development of breast cancer among Korean patients
with high-risk breast cancer is still inconclusive. Given the
small sample size of the current study, there is a limitation
in determining the precise function of BRIP1 mutation for
breast cancer occurrence in Koreans. Further research including a large number of patients and control subjects is necessary.

Conclusion
Several sequence alterations in BRIP1 were found among
the tested patients, suggesting that BRIP1 sequence alterations have effects on breast predisposition among Korean
breast cancer patients. However, given that no protein-truncating mutation was found and that the frequency of the
sequence variations was low, the contribution of BRIP1 variants is thought to be minor in Korean non-BRCA1/2 high-risk
breast cancer.
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Delay of Treatment Initiation Does Not Adversely Affect Survival
Outcome in Breast Cancer

Purpose
Previous studies examining the relationship between time to treatment and survival outcome in breast cancer have shown inconsistent results. The aim of this study was to analyze
the overall impact of delay of treatment initiation on patient survival and to determine
whether certain subgroups require more prompt initiation of treatment.
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Materials and Methods
This study is a retrospective analysis of stage I-III patients who were treated in a single tertiary institution between 2005 and 2008. Kaplan-Meier survival analysis and Cox proportional hazards regression model were used to evaluate the impact of interval between
diagnosis and treatment initiation in breast cancer and various subgroups.
Results
A total of 1,702 patients were included. Factors associated with longer delay of treatment
initiation were diagnosis at another hospital, medical comorbidities, and procedures performed before admission for surgery. An interval between diagnosis and treatment initiation
as a continuous variable or with a cutoff value of 15, 30, 45, and 60 days had no impact
on disease-free survival (DFS). Subgroup analyses for hormone-responsiveness, triple-negative breast cancer, young age, clinical stage, and type of initial treatment showed no significant association between longer delay of treatment initiation and DFS.
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Conclusion
Our results show that an interval between diagnosis and treatment initiation of 60 days or
shorter does not appear to adversely affect DFS in breast cancer.
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Introduction
While starting treatment for breast cancer without delay is
theoretically ideal, there are no established guidelines
regarding what in practice constitutes an acceptable interval
between the diagnosis of breast cancer and treatment initiation. Many factors may contribute to the delay of treatment
initiation and although a number of studies have been conducted to assess what influence this might have on patient
survival, their results have been conflicting [1-6].
Regardless of its cause, delay of treatment initiation causes
great anxiety to patients and their families. According to a
study examining the quality of life across the continuum of
breast cancer care, the most anxiety-provoking time for
patients is the waiting period for treatment initiation after
diagnosis [7]. Most patients fear that their cancer will
progress during this time and prolonged delay of treatment
initiation can also cause concern to the treating physician.
Knowing the potential influence of delay of treatment initiation on patient survival, and distinguishing those patients
who require more timely treatment can be clinically valuable.
Through this study, we sought to investigate demographic
and clinical pathological factors associated to delay of treatment initiation and to assess the impact of delay of treatment
initiation on patient survival and identify which subgroup(s)
of patients require more prompt treatment initiation.

Materials and Methods
A retrospective review of patients who underwent surgery
for breast cancer at Seoul National University Hospital
(SNUH) between July 2005 and June 2008 was performed.
Basic clinicopathological data were extracted from SNUH
Breast Care Center database, which is a prospectively maintained web-based database, and “event” data were reviewed
by the first author using the electronic medical records. Survival data was obtained from the Korean National Statistical
Office database. Patients with invasive breast cancer who
started their initial treatment at SNUH and for whom either
the date of pathological diagnosis or date of referral was
known were included. Patients who underwent surgery for
in-situ carcinoma, those who underwent palliative operations (including patients diagnosed with distant metastases
within 4 months of diagnosis), patients who did not have
adjuvant therapy data or those who refused recommended
adjuvant treatment were excluded. Patients who received
neoadjuvant chemotherapy were excluded as these patients
have different clinicopathologic characteristics compared to

patients undergoing surgery as initial treatment. Also
patients with a treatment delay of 6 months or greater were
excluded, presuming that such unusually long intervals
would be due to a patient’s, or their family’s refusal of standard treatment, which was not the main concern of this
study.
Interval between diagnosis and treatment initiation was
defined as time between date of pathological diagnosis and
start of treatment. Pathological diagnosis was made by core
needle biopsy or fine needle aspiration. Where pathological
diagnosis had been made in another institution and therefore
date was unknown, date of referral from the other hospital
was used instead as there normally is only 2-3 days difference in these two dates. Where both dates were unknown,
the patient was excluded from the study.
Patient-level socio-demographic variables included age at
diagnosis, marital status, district of residence, comorbidities,
hospital of diagnosis, presence of breast cancer-related symptoms at diagnosis, and family history of cancer. District of
residence was categorized according to either Seoul-Incheon
(Capital) area and its’ satellite cities, or outside the Capital
area.
Tumor-specific characteristics included: tumor size, axillary lymph node metastasis status, cancer stage, histologic
grade, tumor hormone receptor status, and human epidermal growth factor receptor 2 (HER2) status. Clinical stage
was determined by physical examination and referring hospital imaging results which were assessed at the patient’s
first visit to SNUH outpatient clinic. Pathological breast cancer staging was defined according to the 7th edition of the
American Joint Committee on Cancer.
Clinical characteristics included factors that can delay
treatment initiation such as the need for an additional biopsy,
preoperative imaging studies performed prior to admission,
clinical consultation with other departments due to comorbidities, hospitalization prior to surgery, and immediate
breast reconstruction. Imaging studies were categorized
according to routine staging work-up (chest computed
tomography, bone scan, breast magnetic resonance imaging,
or positron emission tomography computed tomography)
versus non-routine imaging.
The primary endpoint was disease-free survival (DFS).
DFS was calculated from the time of treatment initiation to
either the date of breast cancer recurrence or the final outpatient clinic visit. Breast cancer recurrence included locoregional recurrence and distant metastases. Secondary endpoint was overall survival (OS), defined as date of treatment
initiation to date of expire or date of last out-patient clinic
visit. Analyses were performed to assess the relationship
between baseline characteristics with the length of interval
between diagnosis and treatment initiation, using chi-square
test and t test. In addition the impact of interval length on
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DFS and OS was evaluated using Kaplan-Meier survival
analysis and log-rank test. Multivariate survival analysis
adjusting clinicopathologic factors that are known to affect
patients’ survival, including age, tumor size, lymph node
metastasis, histologic grade, and hormone receptor status,
was performed using a Cox proportional hazards regression
model. For subgroup analysis, interval between diagnosis
and treatment initiation was dichotomized into two groups
(0 to 29 and ! 30 days).
This study was approved by the Institutional Review
Board of SNUH and the committee waived the requirement
for informed consent.

Interval between diagnosis and treatment initiation (day)

Results
A total of 2,256 patients underwent curative surgery for
invasive breast cancer at SNUH from July 2005 to June 2008;
554 patients were excluded from the study, including 234
patients who received neoadjuvant chemotherapy and 264
patients whose date of pathological diagnosis or referral date
from another hospital was unknown. The mean age of the
1,702 patients who were included in the study was 48.0 years.
Their median interval between diagnosis and treatment initiation was 23 days (range, 0 to 134 days); 66.6% of women
received initial treatment within 30 days of diagnosis and
1.8% received initial treatment more than 60 days after their
diagnosis. The distribution of interval between diagnosis and
treatment initiation is shown in Fig. 1.
Various factors were associated with longer interval
between diagnosis and treatment initiation. Demographic
characteristics significantly associated with longer interval
of ! 30 days were diagnosis at another hospital (p < 0.001)
and medical comorbidities (p=0.015). In addition, interval
between diagnosis and treatment initiation was significantly
longer for women who underwent imaging studies prior to
admission for surgery (p < 0.001), those who required an
additional biopsy (p < 0.001), those who required clinical
consultation with other departments (p < 0.001), and those
who required hospitalization prior to treatment initiation
(p < 0.001). Age or immediate reconstructive surgery were
not associated with longer interval between diagnosis and
treatment initiation (p > 0.05).
Clinical stage and pathological stage did not differ according to interval to treatment initiation. Patients with hormone
receptor-positive tumors had longer intervals between diagnosis and treatment initiation (p=0.043). Treatment related
factors associated with longer intervals were adjuvant
endocrine therapy (p=0.023) and adjuvant chemotherapy
(p=0.004) (Table 1).
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Fig. 1. Distribution of interval between diagnosis and
treatment initiation.

The median duration of follow up was 5.9 years. 5-Year
OS and DFS rate were 95.9% and 91.3%, respectively. An
interval of 15, 30 days had no impact on DFS by univariate
and multivariate analysis (p=0.079 and p=0.101, respectively)
(Table 2, Fig. 2A and B). In addition, a longer interval of 45
or 60 days had no impact on DFS (p=0.431 and p=0.839,
respectively) (Fig. 2C and D), and an interval as a continuous
variable also had no significant influence (p=0.093). Regarding OS, no significant association between an interval of ! 30
days was demonstrated (p=0.952) (Fig. 3).
Subgroup analyses were performed to determine which
patients with an interval of 30 days and over might significantly have worse DFS. However, no significant association
was found for hormone receptor–positive vs. –negative
tumor groups, triple-negative breast cancer, younger
(< 40 years) vs. older women, clinical stage T2 or greater vs.
stage T1 and clinically lymph node–positive vs. –negative
groups.

Discussion
This study showed that a delay of treatment initiation at
any cut-off point within 60 days after biopsy confirmation
had no impact on DFS and OS in breast cancer. Although
with shorter interval, these results are consistent with the
recent study by Brazda et al. [1], which showed that delays
in time to treatment over 90 days had no effect on OS in
breast cancer. Mujar et al. [3] also reported that delays in time

Tae-Kyung Yoo, Treatment Initiation Delay in Breast Cancer

Table 1. Socio-demographic, clinical, and tumor-specific characteristics associated with interval between diagnosis and
treatment initiation of ! 30 days
Factor
Total (n=1,702)
Age (yr)
" 39
40-49
50-59
60-69
! 70
Address
Seoul-Incheon area
Outside of capital area
Place of diagnosis
SNUH
Other hospital
Education
" High school
> High school
Unknown
Marital status
Married
Single
Divorced
Widowed
Unknown
Comorbidity
Other than cancer
No comorbidities
Symptom
Yes
No
Unknown
Cancer family history
Breast cancer related
Not related to breast cancer
No cancer family history
Additional biopsy
Any
None
Imaging before admission
Any
None
Not routine imaging before admission
Any
None
Hospitalization
Any
None
Consultation
Any
None
Immediate reconstruction
Yes
No

Interval of 0 to 29 days

Interval of ! 30 days

p-valuea)

1,133 (66.6)

569 (33.4)

180 (15.9)
478 (42.2)
320 (28.2)
124 (10.9)
31 (2.7)

74 (13.0)
241 (42.4)
160 (28.1)
78 (13.7)
16 (2.8)

0.336

795 (70.2)
338 (29.8)

398 (69.9)
171 (30.1)

0.925

494 (43.6)
639 (56.4)

195 (34.3)
374 (65.7)

< 0.001

636 (56.1)
443 (39.1)
54 (4.8)

350 (61.5)
92 (33.7)
27 (4.7)

0.091

1,033 (91.2)
60 (5.3)
9 (0.8)
7 (0.6)
24 (2.1)

516 (90.7)
38 (6.7)
3 (0.5)
4 (0.7)
8 (1.4)

0.621

306 (27.0)
827 (73.0)

186 (32.7)
383 (67.3)

0.015

761 (67.2)
369 (32.6)
3 (0.3)

362 (63.6)
207 (36.4)
0(

0.155

101 (8.9)
173 (15.3)
859 (75.8)

43 (7.5)
85 (14.9)
441 (77.5)

0.609

36 (3.2)
1,097 (96.8)

62 (10.9)
507 (89.1)

< 0.001

424 (37.4)
709 (62.6)

340 (59.8)
229 (40.2)

< 0.001

5 (0.4)
1,128 (99.6)

27 (4.7)
542 (95.3)

< 0.001

2 (0.2)
1,131 (99.8)

11 (1.9)
558 (98.1)

< 0.001

48 (4.2)
1,085 (95.8)

56 (9.8)
513 (90.2)

< 0.001

11 (1.0)
1,122 (99.0)

6 (1.1)
563 (98.9)

0.870
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Table 1. Continued
Factor

Interval of 0 to 29 days

Clinical stage at diagnosis
Diagnosis by FNA
In situ cancer
T1N0
! T2 or LN(+)
Pathological stage
T size " 2 cm
T size > 2 cm
No ALN metastasis
ALN metastasis
Histologic grade
Grade 1, 2
Grade 3
Hormone receptor status
Positive
Negative
Ki-67
Low (< 10%)
High (! 10%)
Radiotherapy
Yes
No
Chemotherapy
Yes
No
Endocrine therapy
Yes
No

Interval of ! 30 days

p-valuea)

29 (2.6)
91 (8.0)
681 (60.1)
332 (29.3)

14 (2.5)
59 (10.4)
357 (62.7)
139 (24.4)

0.109

625 (55.2)
508 (44.8)
727 (64.2)
406 (35.8)

327 (57.5)
242 (42.5)
387 (68.0)
182 (32.0)

0.366

527 (50.6)
515 (59.4)

290 (55.3)
234 (44.7)

0.075

764 (67.4)
369 (32.6)

411 (72.2)
158 (27.8)

0.043

892 (78.9)
238 (21.1)

452 (79.7)
115 (20.3)

0.709

761 (67.2)
372 (32.8)

385 (67.7)
184 (32.3)

0.837

869 (76.7)
264 (23.3)

400 (70.3)
169 (29.7)

0.004

757 (66.8)
376 (33.2)

411 (72.2)
158 (27.8)

0.023

0.115

SNUH, Seoul National University Hospital; FNA, fine needle aspiration; LN, lymph node; ALN, axillary lymph node.
a)
p-values are from chi-square test.

Table 2. Multivariate analysis of factors affecting disease-free survival for interval between diagnosis and treatment initiation
0-14 days versus 15 days, 0-29 days versus ! 30 days
Factor
Age (yr)
< 40 vs. ! 40
Tumor size (cm)
> 2 vs. " 2
Axillary lymph node metastasis
Positive vs. negative
Histologic grade
Grade 3 vs. 1, 2
Hormone receptor
Negative vs. positive
Treatment delay
Shorter vs. longer

Interval 0-14 days vs. ! 15 days

Interval 0-29 days vs. ! 30 days

HR (95% CI)

p-value

HR (95% CI)

p-value

1.395 (0.959-2.031)

0.082

1.381 (0.948-2.011)

0.093

2.176 (1.516-3.124)

< 0.001

2.181 (1.520-3.130)

< 0.001

2.358 (1.698-3.275)

< 0.001

2.357 (1.698-3.273)

< 0.001

1.810 (1.212-2.702)

0.004

1.814 (1.215-2.710)

0.004

1.798 (1.262-2.562)

0.001

1.786 (1.253-2.546)

0.001

1.145 (0.808-1.622)

0.448

1.109 (0.782-1.572)

0.561

HR, hazard ratio obtained by Cox proportional hazard models; CI, confidence interval.
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Fig. 2. Kaplan-Meier survival curves of disease-free survival (DFS) by interval between diagnosis and treatment. (A) DFS
by interval of ! 15 days versus 0-14 days. (B) DFS by interval of ! 30 days versus 0-29 days. (C) DFS by interval of ! 45 days
versus 0-44 days. (D) DFS by interval of ! 60 days versus 0-59 days.

to primary treatment over 2 months have no impact on breast
cancer survival. However, two population-based cohort
studies from Korea reported opposing results and suggested
that longer intervals between diagnosis and treatment initiation are related to worse OS in breast cancer [4,6]. Both studies used nation-wide cancer registry data as their source for
the cancer diagnosis date, and health insurance data for treatment information. Nation-wide databases such as these tend
to be limited in the accuracy and detail of their data. In contrast, in our study we used electronic medical record data
derived from a single institution, which would be expected
to be more accurate and includes detailed clinicopathologic
information and cancer recurrence data. We also excluded

patients with an unusually long delay of treatment initiation
of more than 6 months. Such patients may have ignored their
diagnosis of breast cancer, refused standard treatment, or
looked for alternative medical treatments.
Previous studies have reported on the impact of treatment
delay on patient survival in various subgroups. Smith et al.
[5] found that when younger (< 40 years) patients underwent
surgery as their initial treatment, women with a delay in surgical treatment of over 6 weeks had 10% decreased OS compared to women with a delay in surgical treatment of
2 weeks or shorter. McLaughlin et al. [2] reported that late
stage breast cancer patients, including metastatic breast cancer, had a worse survival when treatment delay was 60 days
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impossible to know the time interval between symptom presentation to diagnosis. Patients who received neoadjuvant
chemotherapy were excluded, so that patients with more
aggressive tumors might have been excluded resulting in a
selection bias. After subgrouping, number of patients in each
subgroup was sometimes too small to perform survival
analyses, which was another limitation.

1.0

Overall survival

0.8
0.6
0.4
0.2
0

0-29 days
≥ 30 days

0

20

40
60
Follow-up (mo)

Log-rank p=0.952

80

Fig. 3. Kaplan-Meier survival curves of overall survival
by interval of ! 30 days versus 0-29 days.

or over, whereas Eastman et al. [8] found no relationship
between treatment delay and OS in triple negative breast
cancer. Regarding our study, subgroup analysis showed
that age, clinical stage and hormone receptor status had no
impact on DFS.
The mean treatment delay of 23 days in our study was
slightly shorter compared to reports from western countries
(22-46 days) [1,2,5,8]. This reflects the Korean healthcare system, where fee-for-service reimbursement does not influence
treatment delay [4]. Patients can freely choose their medical
attendant and hospital, and delay due to referral is relatively
short. On the other hand, this interval is longer than results
from a Korean nationwide database (14 days) [4] due to the
fact that SNUH is a tertiary referral center with most patients
being diagnosed at other hospitals (92.3%).
Women with comorbidities had significantly longer treatment delay, as these patients required more clinical work up
before beginning treatment. In addition, performing procedures or consultation before treatment initiation was associated with treatment delay. Another factor contributing to
longer treatment delay was when the patient was diagnosed
at other hospitals. Many patients are referred from secondary
or tertiary hospitals to central high-volume hospitals in
Korea. This increases the patient’s travel distance and can
lead to treatment delay [9-11], and to over-loading [12-14]
and provider-related delay in high-volume hospitals. Longer
interval in high-volume hospitals was also demonstrated in
the report from the Korean Central Cancer Registry [6].
The retrospective analysis is the limitation of this study.
The reason for treatment delay could not be accurately
evaluated in this retrospective study. In addition, it was
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In conclusion, breast cancer patients who were diagnosed
at another hospital or had medical comorbidities were more
likely to have a longer interval between diagnosis and treatment initiation. Also, undergoing additional procedures
before admission for surgery influenced treatment delay.
However treatment delay had no impact on DFS, allowing
breast cancer patients to endure the nervous wait until treatment initiation without concern for disease progression.
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In Vitro Adenosine Triphosphate-Based Chemotherapy Response Assay
as a Predictor of Clinical Response to Fluorouracil-Based Adjuvant
Chemotherapy in Stage II Colorectal Cancer
Purpose
We evaluated the usefulness of the in vitro adenosine triphosphate-based chemotherapy
response assay (ATP-CRA) for prediction of clinical response to fluorouracil-based adjuvant
chemotherapy in stage II colorectal cancer.
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Materials and Methods
Tumor specimens of 86 patients with pathologically confirmed stage II colorectal adenocarcinoma were tested for chemosensitivity to fluorouracil. Chemosensitivity was determined by cell death rate (CDR) of drug-exposed cells, calculated by comparing the
intracellular ATP level with that of untreated controls.

1
Department of Surgery,
Sahmyook Medical Center, Seoul,
2
Department of Surgery,
Gangnam Severance Hospital,
Yonsei University College of Medicine, Seoul,
3
Department of Surgery, Severance Hospital,
Yonsei University College of Medicine, Seoul,
Korea

Results
Among the 86 enrolled patients who underwent radical surgery followed by fluorouracilbased adjuvant chemotherapy, recurrence was found in 11 patients (12.7%). The CDR
! 20% group was associated with better disease-free survival than the CDR < 20% group
(89.4% vs. 70.1%, p=0.027). Multivariate analysis showed that CDR < 20% and T4 stage
were poor prognostic factors for disease-free survival after fluorouracil-based adjuvant
chemotherapy.
Conclusion
In stage II colorectal cancer, the in vitro ATP-CRA may be useful in identifying patients likely
to benefit from fluorouracil-based adjuvant chemotherapy.
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Introduction
Since the 1970s, a number of in vitro chemosensitivity
assays have been developed for determining the sensitivity
of cancer cells to various chemotherapeutic agents [1]. However, these tests are not commonly used in daily practice,
primarily because of their low success rates in primary cell
culture, poor correlation between assay results and clinical
response, long turnaround time, and need for a relatively
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large amount of tissue [2-4]. The adenosine triphosphatebased chemotherapy response assay (ATP-CRA) was
recently developed for evaluation of tumor cell viability by
comparing intracellular ATP levels of drug-exposed cells
with that of an untreated control. The ATP-CRA has some
advantages over conventional chemosensitivity tests, including a short 7-day turnaround time and an ability to test cell
viability in small amounts of tissue [5]. In addition, the clinical feasibility of this study has been validated in various cancers, including colorectal cancer [5-10].
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which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Adjuvant chemotherapy can improve survival after curative resection of advanced colorectal cancer and has been
widely accepted as a standard treatment in stage III colorectal cancer. However, the benefit of adjuvant chemotherapy
in stage II colorectal cancer is still controversial [11,12]. ATPCRA has been used prediction of chemotherapy responsiveness based on the biological characteristics of the primary
tumor. However, to the best of our knowledge, the ability of
ATP-CRA to predict clinical response to adjuvant chemotherapy in stage II colorectal cancer has not yet been evaluated. The aim of this study was to evaluate the usefulness of
the in vitro ATP-CRA as an indicator of clinical response to
fluorouracil (5-FU)–based adjuvant chemotherapy in stage II
colorectal cancer.

Materials and Methods
Clinical data and ATP-CRA results of consecutive patients
who underwent radical resection for colorectal cancer from
June 2004 to December 2008 were collected prospectively. All
patients had histologically proven primary adenocarcinoma
of the colon and rectum. Tumor tissue for the APT-CRA was
obtained from the resected specimens in the operating room,
and interpretable results were obtained for 366 patients.
Among them, patients with distant metastases at preoperative staging, microscopic cancer invasion on the surgical margins (including radial resection margin), or any preoperative
anti-cancer treatments (including preoperative radiotherapy), as wells as patients treated with adjuvant chemotherapy including oxaliplatin or irinotecan-based regimen were
excluded.
The criteria for inclusion were stage II patients after radical
resection, and patients who had undergone 5-FU–based
adjuvant chemotherapy. Among the 366 patients, 86 patients
were finally enrolled for the current analysis. Informed consent was obtained from all patients.
1. ATP-CRA
The technique of ATP-CRA was described in our previous
report [8]. Briefly, fresh tumor tissue (! 0.5 cm3) obtained
from surgical specimens in the operating theater were stored
in Hank’s balanced salt solution (Gibco BRL, Rockville, MD)
and delivered to the laboratory. The tissue specimens were
washed with 70% ethanol, quantified, and minced before
incubation at 37°C for 12 to 16 hours with extracellular
matrix-degrading enzymes. The cell suspensions were layered over a Ficoll density gradient medium (1.077 g/mL) and
centrifuged at 400 "g for 15 minutes. The viability of isolated

cells was determined by trypan blue exclusion. Cells were
diluted (2,000-20,000 viable cells/100 µL), seeded into a
96-well ultra-low attachment microplate (Costar, Cambridge,
MA) with or without 10 µg/mL 5-FU, and incubated for 48
hours in a CO2 incubator. The concentration of 5-FU was
determined by a preliminary experiment, which showed a
scattered distribution of cell death from each specimen
at that concentration. To determine ATP concentration,
luciferin and excess luciferase (Roche, Mannheim, Germany)
were added to the cell lysate, and luciferase activity was
measured using a Victor 3 multilabel counter (PerkinElmer,
Boston, MA). The raw data were analyzed using Report
Maker ver. 1.1 (ISU ABXIS, Seoul, Korea). Cell death rate was
then calculated as follows: cell death rate (%)=[1–(mean
luminescence in treatment group/mean luminescence in
untreated control group)]"100. The test was considered a
failure if microbial contamination was detected, the number
of cells was inadequate, or if the intra-assay mean coefficient
of variation exceeded 30. If measured values in the untreated
control group were lower than that of the positive control
group (105 pg ATP), the specimen was considered to have
low viability that was unacceptable for analysis.
2. 5-FU sensitivity
Sensitivity to 5-FU was defined as ! 20% reduction of ATP
in 5-FU–treated cells compared with untreated controls, and
resistance to 5-FU was defined as < 20% reduction in ATP.
The sensitivity criterion of 20% was determined by the value
which can most definitely discriminate the oncologic outcomes.
3. Follow-up
Patients were monitored at 3-month intervals for the first
2 years, 6-month intervals for the next 3 years, and yearly
thereafter. Follow-up consisted of physical examination and
measurement of serum carcinoembryonic antigen levels at
every visit, yearly computed tomography scans of the chest
and abdomen-pelvis in the first 5 years, and colonoscopy
every 1 to 3 years. The median follow-up period was 50.0
months (range, 6 to 75 months).
4. Statistical analysis
All statistical analyses were performed using SPSS ver. 18.0
(SPSS Inc., Chicago, IL). Cell death rate was evaluated for its
ability to predict recurrence, with the optimal cut-off value
defined as the point on the receiver operating characteristic
curve with the minimum distance between the 0% false-positive and 100% true-positive rates.
Categorical variables were analyzed using chi-square test
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Table 1. Clinicopathologic characteristics of patients
Characteristic
Sex
Male
Female
Age (yr)
< 65
! 65
Tumor location
Colon
Rectum
Histologic gradea)
G1/G2
G3/etc.
Pathologic T stage
T3
T4
Retrieved LNs
< 12
! 12
LVI
No
Yes
CDR (%)
Median (range)
MSI status
MSS
MSI-H
No data
Recurrence
Overall
Systemic
Liver
Lung
Peritoneum
Systemic LNs
Combined

5-FU–sensitive (n=72)

5-FU–resistant (n=14)

p-value

52 (72.2)
20 (27.8)

6 (42.9)
8 (57.1)

0.032

45 (62.5)
27 (37.5)

10 (71.4)
4 (28.6)

0.524

44 (61.1)
28 (38.9)

9 (64.3)
5 (35.7)

0.820

63 (87.5)
9 (12.5)

12 (85.7)
2 (14.3)

0.850b)

69 (95.8)
3 (4.2)

13 (92.9)
1 (7.1)

0.630b)

11 (15.3)
61 (84.7)

2 (14.3)
12 (85.7)

0.920

68 (94.4)
4 (5.7)

1 (7.1)
2 (6.1)

0.821b)

37.6 (20.2-72.3)

14.0 (0-19.6)

< 0.001

21 (2.8)
2 (29.2)
49 (68.1)

8 (57.1)
0(
6 (42.9)

0.118b)

7 (9.7)

4 (28.6)

0.053b)

3 (4.2)
2 (2.8)
1 (1.4)
1 (1.4)
0(

1 (7.1)
2 (14.3)
0(
0(
1 (7.1)

0.516b)
0.122b)
> 0.999b)
> 0.999
0.163

Values are presented as number (%) unless otherwise indicated. 5-FU, fluorouracil; LN, lymph nodes; LVI, lymphovascular
invasion; CDR, cell death rate; MSI, microsatellite instability; MSS, microsatellite stable; MSI-H, high-frequency microsatellite
instability. a)Histologic grade: G1, well differentiated; G2, moderately differentiated; G3, poorly differentiated, b)Fisher exact
test.

or Fisher exact test, and continuous variables were analyzed
using Student’s t test. Disease-free survival (DFS) was measured from the date of curative surgery to the date of recurrence or death before relapse. Univariate and multivariate
Cox regression analyses were performed; p < 0.05 was considered significant.
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Results
Of the 86 enrolled patients, 72 patients (83.7%) were
categorized as 5-FU–sensitive, and 14 patients (16.3%) as
5-FU–resistant. Other than sex, clinicopathologic parameters
did not differ between the two patient groups. The rate of
recurrence was higher in the 5-FU–resistant group, but with-
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Table 2. Clinicopathological comparison between right and left colon
Characteristic
Sex
Male
Female
Age (yr)
< 65
! 65
Obstruction
Yes
No
Perforation
Yes
No
Histologic gradeb)
G1/G2
G3/etc.
Pathologic T stage
T3
T4
Retrieved LNs
< 12
! 12
LVI
No
Yes
MSI data
Not available
Available
MSS
MSI-H
Chemosensitivity
Sensitive
Resistant

Right colon (n=26)

Left colon (n=60)

p-value

18 (69.2)
8 (30.8)

40 (66.7)
20 (33.3)

0.816

14 (53.8)
12 (46.2)

41 (68.3)
19 (31.7)

0.199

1 (3.8)
25 (96.2)

3 (5.0)
57 (95.0)

> 0.999a)

0(
26 (100)

1 (1.7)
59 (98.3)

> 0.999a)

22 (84.6)
4 (15.4)

53 (88.3)
7 (11.7)

0.728a)

25 (96.2)
1 (3.8)

57 (95.0)
3 (5.0)

> 0.999a)

1 (3.8)
25 (96.2)

12 (20.0)
48 (80.0)

0.097a)

24 (92.3)
2 (7.7)

57 (95.0)
3 (5.0)

0.636a)

16 (61.5)
10 (38.5)
9 (90.0)
1 (10.0)

39 (65.0)
21 (35.0)
20 (95.2)
1 (4.8)

21 (80.8)
5 (19.2)

51 (85.0)
9 (15.0)

> 0.999a)

0.752a)

Values are presented as number (%). LN, lymph nodes; LVI, lymphovascular invasion; MSI, microsatellite instability; MSS,
microsatellite stable; MSI-H, high-frequency microsatellite instability. a)Fisher exact test, b)Histologic grade: G1, well differentiated; G2, moderately differentiated; G3, poorly differentiated.

out significance (p=0.053) (Table 1). According to the tumor
location, there was no difference of clinicopathologic parameters in our cohort (Table 2).
Survival analyses according to chemosensitivity to 5-FU
are shown in Fig. 1. The median DFS was 48.0 months (range,
6 to 75 months). The 5-year DFS rate was 89.4% in the 5-FU–
sensitive group and 70.1% in the 5-FU–resistant group
(p=0.027). According to the database, the DFS of stage II
patients who did not undergo adjuvant chemotherapy (n=36)
during the study periods were calculated for comparison
(5-year DFS, 78.7%) (Fig. 1).
Considering high-risk stage II patients (n=33) with patho-

logic T4, poor histologic grade, presence of lymphovascular
invasion, obstruction or perforation and retrieved lymph
nodes lower than 12, the 5-year DFS rate was significantly
better in the 5-FU–sensitive group (n=26) compared to the
5-FU–resistant group (5-year DFS, 87.5% vs. 35.7%; p=0.001),
but there was no significant difference in DFS of low-risk
stage II patients between the two groups (Fig. 2A and B).
Univariate analysis showed that pathologic T4 stage and
5-FU resistance were significant factors predicting DFS
(pathologic T3 vs. T4, 89.5% vs. 25.0%; p < 0.001 and 5-FU–
sensitive vs. 5-FU–resistant, 89.4% vs. 70.1%; p=0.027, respectively). Multivariate analysis confirmed the predictive power
VOLUME 48 NUMBER 3 JULY 2016
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1.0

No chemotherapy: 78.7%

0.8
Disease-free survival

of these factors (pathologic T4: hazard ratio [HR], 13.7; confidence interval [CI], 3.3 to 56.2; p < 0.001; 5-FU resistant: HR,
4.7; CI, 1.3 to 17.3; p=0.018) (Table 3).

5-FU–sensitive: 89.4%

5-FU–resistant: 70.1%

0.6

Discussion

0.4
Disease-free survival
5-FU–sensitive vs. No chemotherapy: p=0.092
5-FU–sensitive vs. 5-FU–resistant: p=0.027
No chemotherapy vs. 5-FU–resistant: p=0.558

0.2

0

0

20

40
60
80
Months after surgery

100

Fig. 1. Disease-free survival analyses according to the
chemosensitivity to fluorouracil (5-FU). The 5-year disease-free survival was significantly longer in 5-FU–sensitive patients than in 5-FU–resistant patients (89.4% vs.
70.1%, p=0.027). No chemotherapy group who did not
receive adjuvant chemotherapy during the study periods
was extracted from our database.

In this study, the 5-year DFS rate in patients with stage II
colorectal cancer was significantly higher among those
whose tumor cells were shown to be 5-FU–sensitive by the
in vitro ATP-CRA test. These results indicate the promise of
tailored adjuvant chemotherapy in stage II colorectal cancer
based on ATP-CRA. The survival benefit of adjuvant
chemotherapy following radical resection of the tumor is limited [11,12]. Identification of patients who are sensitive to
specific chemotherapy drugs may facilitate a more tailored
approach based on prognostic and predictive factors, which
may increase the survival benefit of chemotherapy while
minimizing its side effects. The use of adjuvant therapy in
patients with poor prognosis has been widely accepted as
standard treatment [13]. Bowel obstruction at presentation,
perforation of the colon at the tumor site, poor histologic
grade, and peritumoral lymphovascular involvement have
been identified as poor prognostic factors in node-negative
colorectal cancer [14,15]. In patients with these prognostic

A
1.0

1.0

5-FU–resistant (n=7): 100%
5-FU–sensitive (n=46): 90.4%

5-FU–sensitive (n=26): 87.5%

0.8
Disease-free survival

0.8
Disease-free survival

B

0.6
0.4
0.2

0.6
0.4
5-FU–resistant (n=7): 35.7%

0.2
p=0.414

0

0

20

p=0.001

40
60
Months after surgery

80

0

0

20

40
60
Months after surgery

80

Fig. 2. Disease-free survival analyses in low-risk and in high-risk stage II patients. (A) 5-Year disease-free survival rate in
the low-risk stage II patients according to the chemosensitivity to fluorouracil (5-FU). (B) 5-Year disease-free survival rate in
the high-risk stage II patients according to the chemosensitivity to 5-FU.
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Table 3. Univariate and multivariate analysis of factors predicting DFS
Characteristic
Sex
Male
Female
Age (yr)
< 65
! 65
Tumor location
Colon
Rectum
Obstruction
Yes
No
Histologic gradea)
G1/G2
G3/etc.
Pathologic T stage
T3
T4
Retrieved LNs
< 12
! 12
LVI
No
Yes
MSI status
MSS
MSI-H
No data
Chemosensitivity
Sensitive
Resistant

No.

Univariate analysis
5-Yr DFS (%)

Multivariate analysis

p-value

HR (95% CI)

p-value

58
28

88.8
80.9

0.319

-

-

55
31

83.4
91.6

0.220

-

-

53
33

90.3
79.3

0.194

-

-

4
82

66.7
87.1

0.332

-

-

75
11

87.1
80.8

0.488

-

-

82
4

89.5
25.0

< 0.001

1(
13.7 (3.3-56.2)

< 0.001

13
73

83.3
86.9

0.771

-

-

81
5

86.8
80.0

0.709

-

-

29
2
55

83.8
100.0
86.6

0.845

-

-

72
14

89.4
70.1

0.027

1(
4.7 (1.3-17.3)

.

0.018

DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; LN, lymph nodes; LVI, lymphovascular invasion; MSI,
microsatellite instability; MSS, microsatellite stable; MSI-H, high-frequency microsatellite instability. a)Histologic grade: G1,
well differentiated; G2, moderately differentiated; G3, poorly differentiated.

factors, adjuvant chemotherapy has been shown to decrease
the recurrence rate, resulting in a 4% survival benefit [16].
Predictive markers for chemoresponse have also been evaluated for tailored adjuvant chemotherapy in stage II colorectal cancer. Most of these studies focused on molecular
characteristics of the primary tumor such as microsatellite
instability (MSI), 18q deletions, mutations in KRAS and TP53,
and thymidylate synthase gene expression [17-19]. In addition, use of gene expression arrays has been attempted for
prediction of drug response based on a specific gene signature [20,21]. However, we are far from being able to accu-

rately predict drug response by molecular characterization
of the primary tumor. Alternatively, the in vitro chemosensitivity assay evaluates the response of cultured cancer cells to
chemotherapeutic agents. In the current study we attempted
to identify patients who are likely to benefit from adjuvant
chemotherapy, regardless of their risk factors, by means of
ATP-CRA. Our results showed that ATP-CRA could predict
the efficacy of 5-FU–based adjuvant chemotherapy in stage
II colorectal cancer.
In vitro ATP-CRA has been used in prediction of chemoresponse in several cancers. For example, in a study of metastaVOLUME 48 NUMBER 3 JULY 2016
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tic breast cancer, mean cell death rate was lower in nonresponders than in responders to docetaxel alone or doxorubicin plus paclitaxel (p=0.012); in vitro ATP-CRA was shown
to have high specificity and positive predictive value for predicting clinical response in these patients [22]. The benefit of
ATP-CRA–guided chemotherapy was also demonstrated in
patients with gastric cancer. Adjuvant chemotherapy after
curative resection increased time to relapse in patients determined to have chemotherapy-sensitive gastric cancer by
ATP-CRA (relapse not reached in the sensitive group vs. 24.8
months in the resistant group, p=0.043) [23]. A prospective
study of colorectal cancer demonstrated that ATP-CRA–
guided chemotherapy increased resectability in patients with
unresectable liver metastasis, compared with conventional
chemotherapy (35.5% vs. 12.5%, p=0.032) [9].
In the current study, we evaluated the efficacy of in vitro
ATP-CRA to identify patients with stage II colorectal cancer
who are likely to benefit from adjuvant chemotherapy. To
aid in the interpretation of results, all patients were treated
with 5-FU–based chemotherapy only (no other adjuvant
therapy, including radiotherapy) after curative resection of
the primary tumor. In patients with tumors predicted to be
sensitive to 5-FU, chemotherapy increased DFS. The results
of this study suggest that in vitro ATP-CRA can predict the
benefits of adjuvant chemotherapy in patients with stage II
colorectal cancer.
MSI is a crucial mechanism of chemo-resistance to 5-FU,
which has been well demonstrated in in-vitro and in-vivo
studies [24,25]. Because of the loss of DNA damage sensor
function in mismatch repair-defective cells, the lack of proper
signaling for apoptosis induction occurs and develops resistance to 5-FU. In this study, high-frequency microsatellite

instability (MSI-H) was detected in only two patients who
were categorized as the 5-FU–sensitive group, based on
in vitro ATP-CRA, and their survival was excellent without
recurrence. For this reason, it is hard to find any clue regarding the relationship between MSI-H and ATP-CRA assay. It
will be a valuable next step in clarifying the relationship
between molecular biological characteristics and chemosensitivity assay.
A limitation of this study was the threshold value of
20% cell death rate for defining chemotherapy-sensitive and
-resistant groups. Previous studies have reported various
threshold values for cell death rate, ranging from 30% to 50%.
This discrepancy suggests the difficulty of the clinical application. Therefore, our result should be confirmed in independent patient cohorts.

Conclusion
In conclusion, in vitro ATP-CRA may be a useful assay for
identifying patients who might benefit from 5-FU–based
adjuvant chemotherapy in stage II colorectal cancer.
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Purpose
Pharmacologic thromboprophylaxis is routinely recommended for Western cancer patients
undergoing major surgery for prevention of venous thromboembolism (VTE). However, it is
uncertain whether routine administration of pharmacologic thromboprophylaxis is necessary
in all Asian surgical cancer patients. This prospective study was conducted to examine the
incidence of and risk factors for postoperative VTE in Korean colorectal cancer (CRC)
patients undergoing major abdominal surgery.
Materials and Methods
This study comprised two cohorts, and none of patients received perioperative pharmacologic thromboprophylaxis. In cohort A (n=400), patients were routinely screened for VTE
using lower-extremity Doppler ultrasonography (DUS) on postoperative days 5-14. In cohort
B (n=148), routine DUS was not performed, and imaging was only performed when there
were symptoms or signs that were suspicious for VTE. The primary endpoint was the VTE
incidence at 4 weeks postoperatively in cohort A.
Results
The postoperative incidence of VTE was 3.0% (n=12) in cohort A. Among the 12 patients,
eight had distal calf vein thromboses and one had symptomatic thrombosis. Age ! 70 years
(odds ratio [OR], 5.61), ! 2 comorbidities (OR, 13.42), and white blood cell counts of
> 10,000/µL (OR, 17.43) were independent risk factors for postoperative VTE (p < 0.05).
In cohort B, there was one case of VTE (0.7%).
Conclusion
The postoperative incidence of VTE, which included asymptomatic cases, was 3.0% in
Korean CRC patients who did not receive pharmacologic thromboprophylaxis. Perioperative
pharmacologic thromboprophylaxis should be administered to Asian CRC patients on a riskstratified basis.

Key words
Asia, Colorectal neoplasms, Incidence, Colorectal surgery,
Venous thromboembolism
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Introduction
Studies on cancer-associated venous thromboembolism
(VTE) have encompassed a variety of perspectives, including
incidence rates, related risk factors, prophylaxis, and treatment, for a range of tumors. Although few prospective studies have investigated the incidence of and risk factors for VTE
in Asian patients, it is generally accepted that Asian cancer
patients have a lower risk of VTE development compared
with Western patients [1-7]. Guidelines from Western countries recommend perioperative pharmacologic thromboprophylaxis for all surgical cancer patients [8-10]. However,
given the low VTE incidence in Asian patients, it is not certain whether these VTE guidelines are entirely applicable to
Asian cancer patients. Therefore, the applicability of Western
guidelines to Asian cancer patients may need to be reappraised.
Because the incidence of colorectal cancer (CRC) has
shown a recent rapid increase in some Asian countries [11],
the incidence and risk factors associated with surgery-related
VTE in Asian patients with CRC should be examined. Therefore, we conducted this prospective study on Korean CRC
patients who were undergoing major abdominal surgery.

Materials and Methods

agulation therapy during the perioperative period, for example, cerebrovascular infarcts or atrial fibrillations; and a history of taking antiplatelet or other anticoagulant agents
within 2 days of the CRC surgery.
Of the 1,166 patients screened for study eligibility, 567
(49%) agreed to participate in this study, and written
informed consent was obtained from the patients; however,
19 patients were ineligible to participate and 548 patients
were finally included (Fig. 1). When the written informed
consents were obtained, all of the enrolled patients agreed to
undergo postoperative Doppler ultrasonography (DUS) of
the lower extremities to screen for deep vein thrombosis
(DVT). However, after acquiring the informed consents,
some patients did not undergo the planned DUS; the main
reasons for not undergoing DUS were scheduling conflict or
change of mind because some patients had already been
discharged from hospital before the scheduled DUS. Therefore, cohort A (DUS cohort, n=400) included patients who
had undergone postoperative DUS, and cohort B (observation cohort, n=148) included patients who had not undergone DUS. Data regarding patients’ demographics, comorbidities, and laboratory test results before surgery were collected. The D-dimer levels were determined using an
immunoturbidimetry assay (STA-Liatest D-Di, Stago, Asniéres sur Seine, France) with a cutoff value of 0.5 µg/mL [12].
Data regarding the surgical procedures were also collected.
For patients with localized tumors (stages 1-3), the tumor
stages were based on the final pathology reports. Some rectal
cancer patients who underwent preoperative chemoradiation had their tumors staged clinically.

1. Patient population
2. Study procedures
Between September 2011 and March 2014, 1,166 patients
underwent major abdominal surgery for CRC at Seoul
National University Bundang Hospital (SNUBH). The definition of major surgery was an open or laparoscopic surgical
procedure under general anesthesia that lasted > 30 minutes
[9]. The patients were screened for their eligibility to participate in this prospective study.
The eligibility criteria were patients with pathologically
confirmed adenocarcinomas of the colorectum and who had
undergone major curative or palliative abdominal cancer
surgery and were ! 20 years old. None of the patients were
administered perioperative pharmacologic anticoagulation
for VTE prophylaxis. Mechanical prophylaxis (elastic stockings or bandages) was allowed, but pneumatic compression
was not used at our institution. The exclusion criteria were
as follows: concurrent VTE at the time of admission for CRC
surgery; a previous or concomitant malignancy, with the
exception of patients who were disease-free for > 5 years; a
history of VTE; a known congenital thrombophilia or hypercoagulable state; pregnancy; comorbidities requiring antico-

In cohort A, Duplex and color DUS of the lower extremities
was performed routinely on all patients 5-14 days after the
operation, regardless of the development of symptoms that
were suspicious for VTE. The DUS examination was performed from the distal 3-4 cm of the external iliac vein to the
distal calf vein. Detection of DVT using DUS was previously
described in detail [2].
Although patients in cohort B did not undergo postoperative DUS, the other procedures performed during the study
period were the same as those performed on patients in
cohort A. VTE-related symptoms and signs were checked
during admission for surgery and during follow-up assessments in the outpatient clinic. Both cohorts of patients
underwent routine follow-up assessments 4 weeks (window
period, ±1 week) after surgery, and assessments were then
performed every 3-6 months. DUS or computed tomography
(CT) angiography assessments of the lower extremities or
pulmonary vasculature were performed when symptoms or
signs that were suspicious for VTE were detected.
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Patients with colorectal
cancer who underwent major
surgery between September
2011 and March 2014
(n=1,166)
Patients who consented to
participate in the current
study (n=567)

Cohort A (n=400)
(Doppler ultrasound cohort)
Doppler ultrasound was routinely
conducted on postoperative days
5-14

Ineligible for this study (n=19)
- Under age (n=1)
- Perioperative anticoagulation
caused by comorbidities (n=9)
- Double primary cancer (n=7)
- Preoperative presence of
deep vein thrombus (n=2)

Cohort B (n=148)
(observation cohort)
Routine Doppler ultrasound was
not conducted

Fig. 1. Flow diagram of the study.

3. Statistical analyses

4. Ethical considerations

The primary endpoint of the study was the incidence of
postoperative VTE, which included asymptomatic and
symptomatic cases, in cohort A. The incidence of postoperative VTE was defined as cases identified with VTE using routinely performed DUS on postoperative days 5-14 plus any
additional postoperative VTE cases that included DVT or
pulmonary embolism (PE) detected using DUS or other
imaging modalities until 4 weeks after surgery. The secondary endpoint was to determine the risk factors for postoperative VTE in cohort A. Assuming that the actual postoperative VTE incidence would be approximately 7% [1] and
that this incidence would be < 10% with statistical significance, 400 patients were required in cohort A to attain 80%
power and a two-sided significance level of 0.05.
Statistical analyses were performed using IBM SPSS
ver. 21 for Windows (IBM Co., Armonk, NY). Chi-square
tests or linear-by-linear association tests were used for comparison of the percentages in the cross-tabulations. Student’s
t test was applied for comparison of the means between
groups. Logistic regression models were used for the multivariate analyses to identify risk factors associated with
development of postoperative VTE. Two-sided p-values
< 0.05 were considered statistically significant.

This study was approved by the Institutional Review
Board at SNUBH (study number: B1105/128-005), and it was
registered with ClinicalTrials.gov (NCT01567917). Written
informed consent was obtained from the patients prior to
study entry, and this study was conducted in accordance
with the principles of the Declaration of Helsinki.

980

CANCER RESEARCH AND TREATMENT

Results
1. Patients’ characteristics
Of the 548 patients enrolled in this study, 400 patients were
assigned to cohort A (DUS cohort) and 148 patients to cohort
B (observation cohort) (Fig. 1). The characteristics of patients
in both groups are shown in Table 1. Laparoscopic surgery
was performed in 72.6% of the patients (398/548). Approximately half of the patients had no comorbidities, and the primary tumor location was the rectum in approximately 40%
of the patients. Preoperative chemotherapy or radiotherapy
was administered to 13.9% of the patients (76/548).
There was no difference in most clinical characteristics
between groups. However, compared with patients in cohort

Eunyoung Lee, VTE after Colorectal Cancer Surgery in Korea

Table 1. Patients’ characteristics
Variable
Age, median (range, yr)
Sex
Male
Female
BMI
No. of comorbidities
0
1
!2
White blood cell count (/µL)
Hemoglobin (g/dL)
Platelet count (/µL)
D-dimer (µg/mL)
< 0.5
! 0.5
Not checked
Tumor stage
0-1
2
3
4
Tumor location
Right colon cancere)
Left colon cancerf)
Rectal cancerg)
Histologic differentiation
WDAC
MDAC
PDAC
Others
Preoperative treatment
None
Chemotherapy
CCRT
Operation time (min)
Operation type
Open
Laparoscopy

Cohort A (n=400)

Cohort B (n=148)

p-value

64 (21-95)

65 (33-89)

0.582a)

248 (62.0)
152 (38.0)
23.04±3.29

79 (53.4)
69 (46.6)
23.38±3.48

196 (49.0)
124 (31.0)
80 (20.0)
6,058±2,137
12.6±1.8
241±77
0.92±1.80
174 (43.5)
140 (35.0)
86 (21.5)

79 (53.4)
49 (33.1)
20 (13.5)
5,951±1,791
12.4±2.1
251±74
0.94±1.60
67 (45.3)
59 (39.9)
22 (14.9)

0.078b)
0.296a)
0.139c)

0.560a)
0.274a)
0.153a)
0.894a)
0.719c) (0.673d))

72 (18.0)
83 (20.8)
174 (43.5)
71 (17.8)

37 (25.0)
42 (28.4)
55 (37.2)
14 (9.5)

0.010a)

80 (20.0)
147 (36.8)
173 (43.2)

35 (23.6)
55 (37.2)
58 (39.2)

0.296c)

39 (9.8)
319 (79.8)
29 (7.2)
13 (3.2)

16 (10.8)
114 (77.0)
11 (7.4)
7 (4.7)

0.701c)

344 (86.0)
14 (3.5)
42 (10.5)
194.8±100.5

128 (86.5)
3 (2.0)
17 (11.5)
175.6±85.2

0.935c)

121 (30.2)
279 (69.8)

29 (19.6)
119 (80.4)

0.013b)

0.027a)

Values are presented as number (%) or mean±standard deviation unless otherwise indicated. BMI, body mass index; WDAC,
well differentiated adenocarcinoma; MDAC, moderately differentiated adenocarcinoma; PDAC, poorly differentiated adenocarcinoma; CCRT, concurrent chemoradiation therapy. a)Student’s t test, b)Fisher exact test (2-sided), c)Linear-by-linear
association, d)Fisher exact test excluding the missing data, e)Right colon cancer included primary tumors located in the cecum,
ascending colon, hepatic flexure, and transverse colon, f)Left colon cancer included primary tumors located in the splenic
flexure, descending colon, and sigmoid colon, g)Rectal cancer included primary tumors located in the rectum or rectosigmoid
junction.
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B, patients in cohort A had tumors at more advanced stages
(p=0.010), and underwent open abdominal surgery more frequently (p=0.013), and had longer operation times (p=0.027).
Although statistically insignificant, cohort A included more
male patients than cohort B (p=0.078).
2. Postoperative VTE development in cohort A
In cohort A, the median time to discharge after surgery
was 9 days (range, 3 to 51 days). There was no postoperative
mortality. In cohort A, 99.5% of the patients (398/400) were
followed up at 4 weeks (window period, ±1 week) and 98.5%
(394/400) were followed up at 12 weeks postoperatively. The
postoperative VTE incidence at 4 weeks, which was the primary endpoint, was 3.0% (12/400) (95% confidence interval
[CI], 1.6% to 5.2%).
Of the 12 patients who developed postoperative VTE, only
one patient (0.3%) had symptomatic thrombosis. This patient
had underlying congestive heart failure and showed no evidence of DVT during the initial DUS performed routinely on
day 6; however, as the edema in both lower extremities was
aggravated, a repeat DUS was performed, which detected
thromboses in both calf veins on day 13. Regarding the locations of VTE, eight patients had distal calf vein thromboses
(7 asymptomatic cases and 1 symptomatic case), three
patients had asymptomatic proximal DVT, and one patient
had asymptomatic PE. In the patient with postoperative PE,
no DVT was detected and the PE was found incidentally on
an abdominal CT scan performed on postoperative day 15 to
assess postoperative complications. The detailed characteristics of the VTE events are shown in Table 2. Low-molecular
weight heparin (LMWH) was administered to three of four
asymptomatic patients who had PE or proximal DVT, and
one patient with an asymptomatic popliteal vein thrombosis
rejected further management of DVT and was lost to follow
up. Of the seven patients with asymptomatic calf vein thromboses, LMWH was administered to one patient. LMWH was
not administered to the six remaining patients with asymptomatic calf vein thromboses, and VTE recurrence or progression was not observed during the follow-up assessments,
which comprised a minimum of 29 days and a maximum of
618 days.
3. Postoperative VTE development in cohort B
All 148 patients in cohort B were followed up at 4 weeks
(window period, ±1 week) and 98.0% of the patients
(145/148) were followed up at 12 weeks postoperatively.
Only one case of VTE (0.7%) was detected postoperatively in
cohort B. This patient had stage IV rectal cancer and symptomatic PE and DVT from the left common iliac vein to the
calf vein, which were detected simultaneously 12 days after
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pelvic exenteration.
4. Univariate and multivariate analyses
Results from univariate analyses to determine the risk factors associated with postoperative development of VTE in
cohort A are shown in Table 3. Age ! 70 years, increased
numbers of comorbidities, white blood cell (WBC) counts of
> 10,000/µL, and elevated D-dimer levels of ! 0.5 µg/mL had
increased risk of VTE development (all p-values < 0.05). The
patient’s sex, tumor stage, and other clinical parameters were
not predictive of postoperative VTE development.
Multivariate analyses were performed using two methods
(Tables 4 and 5). The first method included only the four
variables that showed statistical significance in the univariate
analyses; age, number of comorbidities, WBC counts, and
D-dimer levels (Table 4). Age ! 70 years (vs. < 70 years) (odds
ratio [OR], 5.61; 95% CI, 1.02 to 30.91; p=0.048), ! two comorbidities (vs. no comorbidities) (OR, 13.42; 95% CI, 1.38 to
130.88; p=0.025), and WBC counts > 10,000/µL (vs.
" 10,000/µL) (OR, 17.43; 95% CI, 2.76 to 109.96; p=0.002) were
independent risk factors for postoperative VTE. While an
elevated preoperative D-dimer level was associated with
increased development of postoperative VTE (OR, 5.01), the
association was not statistically significant (p=0.147). The second method used in performing multivariate analyses
included all of the clinical parameters that could be measured or examined preoperatively (Table 5), and all of the
variables shown in Table 3, except the operation time and the
surgical outcomes (R0, R1, and R2), were included. The
results from the second method did not differ from those
generated using the first method; hence, age ! 70 years, ! two
comorbidities, and WBC counts of > 10,000/µL were independent risk factors for postoperative VTE.

Discussion
To the best of our knowledge, this is the largest prospective
study of the incidence of VTE following major abdominal
surgery in Asian CRC patients. Our findings clearly demonstrate that the incidence of postoperative VTE in Korean CRC
patients is lower than that in Western patients.
Without thromboprophylaxis, the VTE incidence, which is
based on objective diagnostic screening for asymptomatic
DVT, is approximately 15%-40% among Western patients
who undergo general surgery [10], and even with pharmacologic thromboprophylaxis, the postoperative VTE incidence is approximately 10% or more in Western CRC
patients who undergo surgery [13,14]. When limited to cases

None
DM, HTN

HTN

HTN, CVA,
dyslipidemia,
dementia
HTN, CKD

CAD, COPD,
asthma
HTN

HTN, COPD

DM

HTN

HTN

HTN,
dyslipidemia

M/63
F/85

F/73

M/74

M/80

M/66

M/72

F/79

F/80

F/82

IVA

IIA

I

IIA

IIIB

IIIC

IVA

IIIC

IIIA

IVB

IIIC
I

Stage

Abdominoperineal resection (open)

Ultralow anterior resection
(laparoscopic)
Right hemicolectomy (laparoscopic)

Right hemicolectomy (laparoscopic)

Pelvic exenteration (open)

Low anterior resection and
hepatic metastasectomy (open)
Subtotal colectomy (open)

Right hemicolectomy (laparoscopic)

Abdominoperineal
resection (laparoscopic)
Subtotal colectomy (laparoscopic)

Hartmann’s operation (open)
Anterior resection (laparoscopic)

Surgical procedure

R2

R0

R0

R0

R0

R0

R0

R0

R0

R2

R0
R0

Surgical
outcome

165

100

185

190

825

200

245

215

235

260

445
130

Operation
time (min)

8

8

5

6

9

9

13

5

7

10

15
8

Time to VTE after
surgery (day)

Asymptomatic distal
DVT (right calf vein)
Symptomatic distal DVT
(bilateral leg edema, both calf veins)
Asymptomatic proximal DVT
(right superficial femoral vein)
Asymptomatic proximal DVT
(right superficial femoral vein)
Asymptomatic distal DVT
(right calf vein)
Asymptomatic distal DVT
(right calf vein)
Asymptomatic distal DVT
(left calf vein)
Asymptomatic distal DVT
(left calf vein)

Asymptomatic PE
Asymptomatic proximal
DVT (left popliteal vein)
Asymptomatic distal
DVT (left calf vein)
Asymptomatic distal
DVT (right calf vein)

VTE event

LMWH

Observationb)

Observationb)

Observationb)

LMWH

LMWH

LMWH

Observationa)

Observationa)

Observationa)

LMWH
Observationa)

Treatment

VTE, venous thromboembolisms; M, male; F, female; PE, pulmonary embolism; LMWH, low-molecular weight heparin; DM, diabetes mellitus; HTN, hypertension;
DVT, deep vein thrombosis of the lower extremities; CVA, cerebrovascular accident; CKD, chronic kidney disease; CAD, coronary artery disease; COPD, chronic
obstructive pulmonary disease. a)No follow-up Doppler ultrasonography on the lower extremities was performed, and no recurrence or aggravation of the deep
vein thromboses was observed during follow-up, b)Follow-up Doppler ultrasonography on the lower extremities was performed and the deep vein thromboses
that had developed in the calf veins disappeared spontaneously without treatment.

M/75

M/77

Comorbidity

Sex/Age
(yr)

Table 2. Characteristics of patients who developed VTE postoperatively
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Table 3. Incidence of VTE according to the clinical parameters
Variable
Age (yr)
< 70
! 70
Sex
Male
Female
BMI, mean (kg/m2)
< 25
! 25
No. of comorbidities
0
1
!2
White blood cell count (/µL)
" 10,000
> 10,000
Hemoglobin level (g/dL)
< 10.0
! 10.0
Platelet count (/µL)
" 400,000
> 400,000
D-dimer (µg/mL)
< 0.5
! 0.5
Not checked
Tumor stage
0-1
2
3
4
Tumor location
Right colon cancere)
Left colon cancerf)
Rectal cancerg)
Histologic differentiation
WDAC
MDAC
PDAC
Others
Preoperative treatment
None
Chemotherapy
CCRT
Operation time (min)
Operation type
Open
Laparoscopy
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VTE (–) (n=388)

VTE (+) (n=12)

p-value

252 (99.2)
136 (93.2)

2 (0.8)
10 (6.8)

0.001a)

241 (97.2)
147 (96.7)

7 (2.8)
5 (3.3)

0.772a)

297 (97.1)
91 (96.8)

9 (2.9)
3 (3.2)

1.000a)

195 (99.5)
119 (96)
74 (72.5)

1 (0.5)
5 (4)
6 (7.5)

0.001b)

369 (97.6)
19 (86.4)

9 (2.4)
3 (13.6)

0.023a)

32 (94.1)
356 (97.3)

2 (5.9)
10 (2.7)

0.271a)

375 (97.2)
13 (92.9)

11 (2.8)
1 (7.1)

0.352a)

173 (99.4)
131 (93.6)
84 (97.7)

1 (0.6)
9 (6.4)
2 (2.3)

0.003b) (0.006c))

70 (97.2)
81 (97.6)
169 (97.1)
68 (95.8)

2 (2.8)
2 (2.4)
5 (2.9)
3 (4.2)

0.614b)

77 (96.2)
143 (97.3)
168 (97.1)

3 (3.8)
4 (2.7)
5 (2.9)

0.761b)

39 (100)
309 (96.9)
27 (93.1)
13 (100)

0(
10 (3.1)
2 (6.9)
0(

0.415b)

333 (96.8)
14 (100)
41 (97.6)
193±96

11 (3.2)
0(
1 (2.4)
266±196

0.661b)

117 (96.7)
271 (97.1)

4 (3.3)
8 (2.9)

0.220d)
0.759a)

Eunyoung Lee, VTE after Colorectal Cancer Surgery in Korea

Table 3. Continued
Variable
Surgical outcome
R0
R1 or R2

VTE (–) (n=388)

VTE (+) (n=12)

p-value
0.648b)

341 (97.2)
47 (95.9)

10 (2.8)
2 (4.1)

Values are presented as number (%) or mean±standard deviation. VTE, venous thromboembolisms; BMI, body mass index;
WDAC, well differentiated adenocarcinoma; MDAC, moderately differentiated adenocarcinoma; PDAC, poorly differentiated adenocarcinoma; CCRT, concurrent chemoradiation therapy. a)Fisher exact test (2-sided), b)Linear-by-linear association,
c)
Fisher exact test excluding the missing data, d)Student’s t test, e)Right colon cancer included primary tumors located in the
cecum, ascending colon, hepatic flexure, and transverse colon, f)Left colon cancer included primary tumors located in the
splenic flexure, descending colon, and sigmoid colon, g)Rectal cancer includes primary tumors located in the rectum or rectosigmoid junction.

with symptomatic or proximal DVT and PE, the latest American College of Chest Physicians (ACCP) guideline estimates
a VTE incidence of 3%-6% among Western CRC patients who
undergo major abdominal surgery (moderate to high risk for
postoperative VTE development) [15].
The incidence of postoperative VTE in Asian cancer
patients is generally known to be lower than that in Western
patients [1-7]. The incidence of postoperative VTE in CRC
patients ranged from 0.18% to 0.85% in retrospective singleinstitution studies conducted in Korea and Hong Kong
[4-6,16]. A nationwide Korean population-based study estimated the postoperative VTE incidence as 1.67% [7]. It has
been assumed that most VTE cases detected in these retrospective studies [4-7,16] were symptomatic DVT or PE cases.
The ninth ACCP guideline classifies surgical patients according to very low- (< 0.5%), low- (approximately 1.5%), moderate- (approximately 3.0%), and high-risk (approximately
6.0%) groups, depending on the estimated baseline incidence
of postoperative VTE, which includes proximal or symptomatic DVT plus PE, without thromboprophylaxis. The guideline recommends perioperative pharmacologic thromboprophylaxis for surgical patients who are at moderate-to-high
risks for VTE [15]. In this study, the rates of symptomatic
VTE were 0.3% in cohort A and 0.7% in cohort B, which are
within the ranges reported from previous Asian retrospective studies [4-7,16], and are much lower than the VTE rate
of 3% at which routine perioperative pharmacologic thromboprophylaxis is recommended [15]. The eighth ACCP
guideline recommends perioperative thromboprophylaxis
when the incidence of postoperative VTE is expected to be
! 10%, based on objective diagnostic screening for asymptomatic DVT in patients who were not administered thromboprophylaxis [10]. Again, in this study, the postoperative VTE
incidence, which included asymptomatic cases in cohort A,
was only 3.0% (95% CI, 1.6% to 5.2%), significantly lower

than the recommended VTE incidence level for perioperative
pharmacologic thromboprophylaxis in the eighth ACCP
guideline. Although the suboptimal sensitivity of DUS as a
DVT screening modality may have underestimated the postoperative DVT incidence compared with venography, no
additional cases of VTE were detected during the 3-month
follow-up period in our study. In addition, DUS has been
used increasingly to screen for DVT in recent studies [14];
therefore, we do not think that using DUS to screen for postoperative DVT was a flaw in our study.
Although Western guidelines recommend perioperative
pharmacologic thromboprophylaxis for all surgical cancer
patients [8-10], the findings of the current study suggest that
routine perioperative pharmacologic thromboprophylaxis is
not required by all Asian CRC patients who are undergoing
major surgery. In this study, all patients routinely received
mechanical prophylaxis using elastic stockings or bandages.
Therefore, mechanical prophylaxis is thought to be sufficient
for prevention of postoperative VTE in Korean CRC patients.
Our findings strongly suggest that the risk-stratified use
of perioperative pharmacologic thromboprophylaxis is
required for Asian cancer patients who are undergoing
surgery. The risk-stratified use of perioperative pharmacologic thromboprophylaxis was also suggested by the findings
from our previous study of Korean patients with gastric cancer [2]. In the current study, age ! 70 years, ! two comorbidities, and increased WBC counts of > 10,000/µL independently predicted the increased risk of development of
postoperative VTE in CRC patients. Older age [8-10,17],
comorbidities [9,10,17], and leukocytosis [9] are well-known
risk factors for VTE in cancer patients. Previous studies have
proposed D-dimer as a biomarker that can predict development of VTE in cancer patients [18,19]. Stender et al. [19]
reported that preoperative plasma D-dimer was a predictor
of postoperative DVT in Danish patients with CRC. How-
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Table 4. Multivariate analysis on the postoperative development of venous thromboembolisms
Variable
Age (yr)
< 70
! 70
No. of comorbidities
0
1
!2
White blood cell count (/µL)
" 10,000
> 10,000
D-dimer (µg/mL)
< 0.5
! 0.5
Not checked

Odds ratio

95% Confidence interval

1.00
5.61

1.02-30.91

1.00
5.61
13.42
1.00
17.43

0.60-52.80
1.38-130.88
2.76-109.96

1.00
5.01
1.82

0.57-44.28
0.14-24.57

p-value
0.048
0.070
0.132
0.025
0.002
0.223
0.147
0.651

The four variables that showed statistical significance in the univariate analyses were included.

ever, in the current study, an elevation of the D-dimer level
was predictive of postoperative VTE in the univariate analysis, but its statistical significance was not proven in the multivariate analysis. Given the high OR of 5.01 for patients with
high preoperative D-dimer levels of ! 0.5 µg/mL, the lack of
statistical significance relating to the D-dimer levels in our
patient cohort may be attributed to the lower numbers of
VTE events in our study compared with those in the Danish
study [19]. An advanced tumor stage is generally considered
a risk factor for VTE, but there was no association between
the tumor stage and development of postoperative VTE in
our patient cohort, which might be explained by an insufficient sample size for verification of the real differences in the
VTE rates among patients with tumors at different stages. It
remains controversial whether laparoscopic surgery for CRC
influences the risk of postoperative VTE compared with open
surgery. In our study, the postoperative VTE rates did not
differ between patients who underwent laparoscopic surgery
and those who underwent open surgery (Table 3), and this
finding concurs with the conclusion from a previous metaanalysis [20]. One recent prospective Japanese study investigated the VTE incidence following laparoscopic surgery for
gastrointestinal cancer. Of 71 patients enrolled, 35 patients
had CRC and neoadjuvant treatment (chemotherapy or
chemoradiotherapy) was associated with development of
postoperative VTE [21]. However, preoperative chemotherapy or chemoradiotherapy was not predictive of postoperative VTE in our study. Therefore, more studies are necessary
to verify risk factors related to postoperative VTE in Asian
CRC patients.
Although this study was conducted at a single institution,
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which could be considered a limitation, because most cancer
surgeries are performed at several tertiary high-volume centers in Korea, the situation at other Korean institutions is
likely similar to that reported here [2]. Therefore, our results
can be generalized to all CRC patients in Korea. However,
caution must be exercised. While the findings from several
investigations conducted in other Asian countries concur
with those of our study [3,5,6], some studies have reported
development of postoperative VTE in the absence of perioperative thromboprophylaxis in considerable numbers of CRC
patients, even in Asian countries [21-24]. Recent prospective
studies have reported that the VTE incidence after abdominal
surgery in Japanese patients is not low, compared with Western patients [21,22]; in these Japanese studies, which enrolled
patients with CRC or other gastrointestinal or pelvic cancers,
the incidence of postoperative VTE was 18%-24%. However,
most cases with postoperative VTE had asymptomatic calf
vein thromboses [21-24], for which the necessity of anticoagulation therapy is controversial. As mentioned above, in our
study, among seven patients who developed asymptomatic
calf vein thromboses, six patients did not receive anticoagulation therapy and VTE progression was not observed during
follow-up (Table 2). Sakon et al. [22] suggested that Westernized dietary habits and lifestyle, trends of more extensive
surgeries performed in aged patients, and frequent use of
indwelling central venous catheters might be underlying
mechanisms of increasing tendency toward VTE formation
in Japanese patients. One recent study also demonstrated a
yearly increasing incidence of VTE in the Korean population
[25]. Therefore, the incidence of VTE may be influenced by
socioeconomic or public health status even in the same soci-
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Table 5. Multivariate analysis on the postoperative development of venous thromboembolisms
Variable
Age (yr)
< 70
! 70
Sex
Male
Female
BMI
< 25
! 25
No. of comorbidities
0
1
!2
White blood cell count (/µL)
" 10,000
> 10,000
Platelet count (/µL)
" 400,000
> 400,000
Hemoglobin concentration (g/dL)
! 10.0
< 10.0
D-dimer level (µg/mL)
< 0.5
! 0.5
Not checked
Tumor stage
0-1
2
3
4
Tumor location
Right colon cancer
Left colon cancer
Rectal cancer
Histology
WDAC/MDAC
PDAC/Others
Preoperative treatment
No
Yes (chemotherapy or CCRT)
Operation type
Laparoscopic
Open

Odds ratio

95% Confidence interval

p-value

1.00
7.43

1.06-51.95

0.043

1.00
0.92

0.23-3.67

0.900

1.00
0.93

0.17-5.01

1.00
8.10
22.59

0.63-104.35
1.53-333.47

0.935
0.063
0.109
0.023

1.00
17.96

2.45-131.87

0.005

1.00
7.43

0.43-128.12

0.168

1.00
1.30

0.17-9.84

1.00
4.44
1.68

0.48-41.34
0.10-27.87

1.00
0.55
0.72
0.68

0.06-5.52
0.10-5.06
0.06-8.03

1.00
0.85
1.18

0.15-4.93
0.20-7.00

0.801
0.303
0.191
0.717
0.967
0.611
0.738
0.756
0.923
0.853
0.855

1.00
1.48

0.16-13.52

0.729

1.00
1.10

0.09-13.22

0.938

1.00
0.85

0.17-4.12

0.839

All of the clinical parameters that were measured or examined preoperatively in this study were included. BMI, body mass
index; WDAC, well differentiated adenocarcinoma; MDAC, moderately differentiated adenocarcinoma; PDAC, poorly differentiated adenocarcinoma; CCRT, concurrent chemoradiation therapy.
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ety or nation. In addition, given the genetic heterogeneity
among the populations that are of Asian ethnicity, susceptibility to VTE may vary among the different Asian ethnic
groups.
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Splenomegaly and Its Associations with Genetic Polymorphisms and
Treatment Outcome in Colorectal Cancer Patients Treated with
Adjuvant FOLFOX
Purpose
Splenomegaly is a clinical surrogate of oxaliplatin-induced sinusoidal obstruction syndrome
(SOS). We investigated development of splenomegaly and its association with treatment
outcome and genetic polymorphisms following adjuvant 5-fluorouracil, leucovorin, and
oxaliplatin (FOLFOX) in colorectal cancer (CRC) patients.
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Materials and Methods
Splenomegaly was determined by spleen volumetry using computed tomography images
obtained before initiation of chemotherapy and after completion of adjuvant FOLFOX in CRC
patients. Ten genetic polymorphisms in 4 SOS-related genes (VEGFA, MMP9, NOS3, and
GSTP1) were analyzed using DNA from peripheral blood mononuclear cells.
Results
Of 124 patients included, increase in spleen size was observed in 109 (87.9%). Median
change was 31% (range, –42% to 168%). Patients with splenomegaly had more severe
thrombocytopenia compared to patients without splenomegaly during the chemotherapy
period (p < 0.0001). The cumulative dose of oxaliplatin and the lowest platelet count during
the chemotherapy period were clinical factors associated with splenomegaly. However, no
significant associations were found between genetic polymorphisms and development of
splenomegaly. Disease-free survival was similar regardless of the development of
splenomegaly.
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Conclusion
Splenomegaly was frequently observed in patients receiving adjuvant FOLFOX and resulted
in more severe thrombocytopenia but did not influence treatment outcome. Examined
genetic polymorphisms did not predict development of splenomegaly.
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Introduction
Colorectal cancer (CRC) is a common malignancy and a
leading cause of cancer death worldwide [1], and the incidence of CRC is increasing rapidly in Eastern countries
including Korea as a result of recent changes in diet and
lifestyle [2]. The primary treatment of CRC is a complete
resection in stage I-III patients followed by adjuvant
chemotherapy in stage III and high-risk stage II patients. In
the considerable number of patients with distant metastases
(i.e., stage IV disease) at the time of diagnosis, chemotherapy
is the mainstay of treatment and selected patients with
resectable metastases undergo surgery. Complete resection
of colorectal liver metastases can provide a chance for longterm survival in approximately 20% of these patients [3].
Oxaliplatin plus fluoropyrimidine combination chemotherapy is widely used in both the adjuvant and palliative setting to improve survival of CRC patients [4,5]. With increasing incorporation of liver metastasectomy in the treatment
strategy, many patients treated with oxaliplatin-containing
chemotherapy undergo hepatic resection. Sinusoidal obstruction syndrome (SOS) in the liver is a long-term toxicity of
oxaliplatin reported in patients who underwent hepatic
resection after oxaliplatin-based chemotherapy [6-10].
SOS, previously known as hepatic veno-occlusive disease,
was most commonly reported to occur after bone marrow
transplantation for hematologic malignancies [11]. SOS has
been reported in 19%-79% of CRC patients who underwent
hepatic resection after oxaliplatin-based chemotherapy
[6,7,12]. Toxic effect of oxaliplatin on sinusoidal endothelial
cells (SEC) causes disruption of the sinusoidal wall, subsequently causing congestive obstruction with impairment of
sinusoidal blood flow [13]. As a result, diffuse sinusoidal
injury leads to portal hypertension, hepatomegaly, and
hyperbilirubinemia with severe complications such as ascites
and variceal bleeding in rare cases [14]. In addition, development of SOS may be associated with increased morbidity
and mortality following hepatic resection in patients treated
with preoperative oxaliplatin-based regimens [7].
Prediction of SOS development is important in selection of
proper candidates for hepatic resection and preoperative
management of patients at risk of SOS. Increase in spleen
size, elevated aspartate aminotransferase to platelet ratio
index, and hyaluronic acid levels have been reported as reliable indicators of SOS [9,15,16]. However, there is no reliable
biomarker for prediction of SOS before oxaliplatin treatment
that could help in the decision of oxaliplatin use. In addition,
association of the susceptibility to SOS with antitumor efficacy in the adjuvant setting has not been studied.
Many recent efforts have been made to clarify the pathogenesis of SOS at the molecular level and to use this as a

molecular marker of SOS. A rat model based on monocrotaline gavage by Deleve et al. [17] suggested that SEC injury
is a major initiating event of SOS. This model also suggested
that additional mechanisms such as an increase in expression
of matrix metalloproteinase-9 (MMP-9) (and to a lesser extent
MMP-2), reduced synthesis in nitric oxide, and oxidative
stress contribute to SEC injury. Vascular endothelial growth
factor (VEGF) is known to regulate MMP-9 activation by
inducing its expression, and the degree of the increase in
VEGF serum level parallels the clinical severity of SOS [18].
Therefore, VEGF blockade may attenuate sinusoidal injury
by down-regulating MMP-9 production [19]. In the liver,
nitric oxide is produced by the nitric oxide synthase 3 (NOS3)
expressed in the SEC. Decreased activity of glutathione
S-transferase (GST) leads to a decrease of adduct formation
between glutathione and platinum, consequently attenuating
a defense mechanism against oxaliplatin. In this study, we
have chosen several genes related to the pathogenesis of SOS
(VEGFA, MMP9, NOS3, and GSTP1), as shown in the previous model, and studied the association between their genetic
polymorphisms and SOS following oxaliplatin treatment
using spleen size as a surrogate of SOS. CRC patients receiving adjuvant 5-fluorouracil, leucovorin, and oxaliplatin
(FOLFOX) were selected in order to eliminate the potential
bias caused by the extent of liver metastasis. We also analyzed the association of SOS with disease-free survival (DFS)
following adjuvant FOLFOX.

Materials and Methods
1. Study population and treatment
This retrospective analysis included stage III or high-risk
stage II CRC patients who received adjuvant FOLFOX
chemotherapy after complete resection of CRC from September 2005 to December 2009 at Seoul National University Hospital (SNUH) and participated in pharmacogenomics study
of chemotherapy among cancer patients. Other eligibility criteria were age over 18 years, adenocarcinoma histology, complete resection of primary tumor with negative margin,
adequate organ function, completion of at least six cycles of
the planned 12 cycles of chemotherapy, and computed
tomography (CT) images obtained before and after
chemotherapy adequate for measurement of spleen size. For
adequate measurement, contrast-enhanced CT images were
obtained with at least 5 mm slice thickness or less. Patients
with underlying severe liver disease such as active viral hepatitis, severe steatohepatitis, or liver cirrhosis before chemotherapy were excluded.
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Patients received a maximum of 12 cycles of FOLFOX-4 or
modified FOLFOX-6. Each cycle of FOLFOX-4 consisted of
oxaliplatin (85 mg/m2) on day 1 and leucovorin (200 mg/m2)
and a bolus of 5-fluorouracil (5-FU; 400 mg/m2) followed by
a 22-hour infusion of 5-FU (600 mg/m2) on days 1 and 2,
which was repeated every 2 weeks. Modified FOLFOX-6
consisted of oxaliplatin (85 mg/m2), leucovorin (400 mg/m2),
and a bolus of 5-FU (400 mg/m2) followed by a 46-hour
infusion of 5-FU (2,400 mg/m2) repeated every 2 weeks. All
patients gave informed consent to the pharmacogenomics
study prior to peripheral blood collection. The study protocol
was reviewed and approved by the institutional review
board of SNUH and was conducted in accordance with the
Declaration of Helsinki.
2. Genotyping
Genomic DNA was extracted from peripheral blood
mononuclear cells using a QIAamp DNA kit (Qiagen, Valencia, CA), and each polymorphism was determined using a
pyrosequencing method (PyroMark Q96 ID, Qiagen). Primer
sequence and biological effect of each polymorphism are
shown in Supplementary Table 1. Ten polymorphisms in
4 potentially SOS-related genes were analyzed: –2578C/A,
–1154G/A, –634G/C, and 936C/T in VEGFA; –1562C/T,
836A/G, and 2003G/A in MMP9; –786T/C and 894G/T in
NOS3, and Ile105Val in GSTP1.
3. Spleen size measurement
Spleen size was measured by loading the CT images into
a 3D Workstation (Rapidia ver. 2.8, Infinitt Healthcare, Seoul,
Korea) and using volume viewer software. The outline of the
spleen on each axial image of CT scans was traced using an
electronic free-curve in the software, cross-sectional areas
were calculated, and then the sum of the areas was multiplied by slice thickness for calculation of spleen volume.
Spleen sizes measured from CT images obtained before
chemotherapy and after completion of chemotherapy were
compared.

Table 1. Patient characteristics
Characteristic
Age
Median (range, yr)
Sex
Male
Female
Primary site
Proximal
Distal
Stage
II
III
Underlying chronic liver diseasea)
Cycle of chemotherapy
Median (range)
Cumulative dose of oxaliplatin
Full (1,020 mg/m2)
Reduced (< 1,020 mg/m2)

No. (%) (n=124)
60 (30-76)
73 (58.9)
51 (41.1)
36 (29.0)
88 (71.0)
16 (12.9)
108 (87.1)
21 (16.9)
12 (6-12)
54 (43.5)
70 (56.5)

a)

Chronic liver disease included chronic inactive viral hepatitis such as hepatitis B and C, nonalcoholic steatohepatitis and fatty liver diseases.

splenomegaly. In this analysis, the backward stepwise
regression model including only variables with a p-value
< 0.10 in univariate analysis was used. Survival functions for
DFS were estimated using the Kaplan-Meier method, and
differences between groups were tested using a log-rank test.
Two-sided p-values of < 0.05 were considered significant.
Analyses were performed using SPSS ver. 17.0 (SPSS Inc.,
Chicago, IL).

Results
1. Patient characteristics and changes in spleen size

4. Statistical analysis
Association between change in spleen size and each
genetic polymorphism was analyzed using Student’s t test.
The relationship between splenomegaly and each polymorphism was also analyzed using Pearson’s chi-square or
Fisher’s exact test. Splenomegaly was functionally defined
as a ! 50% increase in spleen size after oxaliplatin-based
chemotherapy.
Multivariate logistic regression analysis was performed to
evaluate the effect of other clinicopathologic factors on
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Of a total of 124 patients included in this study, 73 patients
(58.9%) were male (Table 1). The median age was 60 years
(range, 30 to 76 years). Patients received median 12 cycles
(range, 6 to 12 cycles) of adjuvant FOLFOX; 108 patients
(87.1%) completed all 12 cycles of adjuvant FOLFOX. The
median cumulative dose of oxaliplatin was 935 mg/m2
(range, 459 to 1,020 mg/m2).
Increase in spleen size was observed in 109 patients
(87.9%) after completion of chemotherapy compared with
baseline size before chemotherapy. The median change in
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Table 2. Associations between genetic polymorphisms and change in spleen size
Polymorphism
VEGFA C2578A
CC
CA or AA
VEGFA C634G
CC
CG or GG
VEGFA C936T
CC
CT or TT
VEGFA G1154A
GG
GA or AA
MMP9 C1562T
CC
CT or TT
MMP9 A836G
AA
AG or GG
MMP9 G2003A
GG
GA or AA
NOS3 G894T
GG
GT or TT
NOS3 T786C
TT
TC
GSTP1 Ile105Val
Ile/Ile
Ile/Val or Val/Val

No. (%)

Change in spleen size

Splenomegalya)

Mean %

p-valueb)

No. (%)

p-valuec)

69 (55.6)
55 (44.4)

38.6±39.3
39.8±37.5

0.86

28 (40.6)
19 (34.5)

0.49

22 (17.7)
102 (82.3)

45.8±32.3
37.7±39.5

0.37

9 (40.9)
38 (37.3)

0.75

75 (60.5)
49 (39.5)

38.6±37.9
39.9±39.5

0.85

27 (36.0)
20 (40.8)

0.59

85 (68.5)
39 (31.5)

37.2±39.2
43.2±36.8

0.42

31 (36.5)
16 (41.0)

0.63

87 (70.2)
37 (29.8)

37.8±36.8
42.2±42.2

0.56

30 (34.5)
17 (45.9)

0.23

19 (15.3)
105 (84.7)

42.8±36.6
38.4±38.8

0.65

7 (36.8)
40 (38.1)

0.92

87 (70.2)
37 (29.8)

37.8±36.8
42.2±42.2

0.56

30 (34.5)
17 (45.9)

0.23

104 (83.9)
20 (16.1)

38.6±39.0
41.8±35.5

0.74

39 (37.5)
8 (40.0)

0.83

101 (81.5)
23 (18.5)

37.8±37.8
44.8±41.3

0.43

36 (35.6)
11 (47.8)

0.28

71 (57.3)
53 (42.7)

37.8±40.8
40.9±35.2

0.65

25 (35.2)
22 (41.5)

0.48

VEGFA, vascular endothelial growth factor A; MMP, matrix metalloproteinase; NOS, nitric oxide synthase; GST, glutathione
S-transferase. a)Splenomegaly was defined as a ! 50% increase in spleen size after oxaliplatin-based chemotherapy, b)Student’s
t test was used, c)Pearson’s chi square or Fisher’s exact tests were used.

spleen size was 31% (range, –42% to 168%). Splenomegaly
(! 50% increase) was observed in 47 patients (37.9%). The
mean increase in spleen size was higher in patients receiving
a full dose of oxaliplatin during 12 cycles (n=54) compared
with patients receiving a reduced dose of oxaliplatin (n=70)
(50.7±40.4% vs. 30.2±34.4%, p=0.003).
2. Factors associated with splenomegaly
Ten genetic polymorphisms within four genes were analyzed (VEGFA, MMP9, NOS3, and GSTP1). When the relationship between these genetic polymorphisms and change
in spleen size or splenomegaly was analyzed in univariate

analysis, no genetic polymorphism was associated with
change in spleen size or splenomegaly (p-value, not significant) (Table 2).
In univariate analysis for development of splenomegaly,
only the cumulative dose of oxaliplatin (full vs. reduced
dose) was significantly associated with development of
splenomegaly. No significant associations were found
between splenomegaly and other clinical factors (age [> 65
years vs. " 65 years], lowest platelet count during chemotherapy [< 75,000/mm3 vs. ! 75,000/mm3] and the presence of
chronic liver disease). In multivariate logistic regression
analysis performed using variables with p-values < 0.10 in
univariate analysis, the cumulative dose of oxaliplatin and
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Table 3. Univariate and multivariate analyses of development of splenomegaly
Characteristic
Age
! 65 yr
> 65 yr
Oxaliplatin cumulative dose
Reduced dose
Full dose
The lowest PLT count during chemotherapy
" 75,000/mm3
< 75,000/mm3
Presence of chronic liver diseasea)
No
Yes

Univariate analysis

Multivariate analysis

No. (%)

p-value

OR (95% CI)

p-value

38 (41.8)
9 (27.3)

0.142

-

-

19 (27.1)
28 (51.9)

0.005

1 (reference)
3.29 (1.50-7.18)

0.003

30 (33.3)
17 (50.0)

0.088

1 (reference)
2.45 (1.04-5.76)

0.040

42 (40.8)
5 (23.8)

0.144

-

-

OR, odds ratio; CI, confidence interval; PLT, platelet. a)Chronic liver disease included chronic inactive viral hepatitis such as
hepatitis B and C, nonalcoholic steatohepatitis and fatty liver diseases.

the lowest platelet count during the chemotherapy period
were associated with splenomegaly (Table 3).

Discussion

3. Splenomegaly and thrombocytopenia

In the current study, splenomegaly, a surrogate of SOS,
was frequently observed after adjuvant FOLFOX chemotherapy in CRC patients. An increase in spleen size compared
with baseline size before starting oxaliplatin-based
chemotherapy was observed in 109 patients (87.9%), with a
median increase in spleen size of 31%. Although the direct
comparison was difficult due to the difference in the cumulative dose of oxaliplatin and treatment duration every study,
this change in spleen size is comparable to that reported in
another study [9].
The cumulative dose of oxaliplatin and the lowest platelet
count during chemotherapy were clinical factors associated
with splenomegaly. Patients with splenomegaly showed
more severe thrombocytopenia than patients without
splenomegaly during or after oxaliplatin-based chemotherapy. This is in line with a previous study reporting on the
relationship between splenomegaly and thrombocytopenia,
which suggested splenic sequestration induced by portal
hypertension as a possible mechanism of thrombocytopenia
in patients with SOS [9]. Thrombocytopenia related to SOS
is common, but usually not severe [20]. In this study, thrombocytopenia less than 50,000 mm3 was only observed in
five cases and there were no significant bleeding events.
Thrombocytopenia due to oxaliplatin-induced SOS can be
prolonged until 2-3 years after completion of oxaliplatin
treatment [21]. This slow recovery in platelet count was also
observed in our study (Fig. 1). Besides these clinical factors,
oxaliplatin-induced SOS is infrequently presented with

During adjuvant FOLFOX chemotherapy and the followup period after completion of chemotherapy, patients with
splenomegaly had lower values of mean platelet count compared to patients without splenomegaly. This difference in
mean platelet count was the most prominent from 3 months
to 6 months after initiation of FOLFOX (p < 0.05, by Student’s
t test), and the difference was gradually reduced after completion of chemotherapy (Fig. 1). In addition, patients with
splenomegaly had more severe thrombocytopenia compared
to those without splenomegaly during the chemotherapy
period (mean lowest platelet count, 85,000±28,000/mm3 vs.
115, 000±42,000/mm3; p < 0.001).
4. Splenomegaly and DFS
We also analyzed the association of splenomegaly, a surrogate marker of SOS, with treatment outcome of adjuvant
FOLFOX chemotherapy. DFS was similar according to development of splenomegaly. The 3-year DFS rate was 89.1%
(95% confidence interval [CI], 79.9% to 98.3%) in patients
who developed splenomegaly and 85.7% (95% CI, 77.7% to
93.7%) in patients without splenomegaly (p=0.42 by log-rank
test) (Fig. 2).
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Fig. 1. Changes in platelet counts during or after chemotherapy in patients with or without splenomegaly. FOLFOX, 5-fluorouracil, leucovorin, and oxaliplatin. *p < 0.05, **p < 0.01.
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Fig. 2. Kaplan-Meier survival curve of disease-free survival according to the development of splenomegaly.

ascites, jaundice, and hepatomegaly suggestive of portal
hypertension [14]. In our study, none of the patients showed
clinically apparent symptoms and signs of portal hypertension except splenomegaly.
A number of studies have been conducted for discovery of
molecular predictive biomarkers of SOS based on its pathogenesis [10,22,23]. Rubbia-Brandt et al. [22], who examined
gene expression profiles in livers with oxaliplatin-induced
SOS and matched normal controls, found 913 differentially
expressed genes. Results of pathway analysis showed signif-

icant upregulation of expression in six pathways: acute phase
response, coagulation system, hepatic fibrosis/ hepatic stellate cell activation, and oxidative stress. In addition, angiogenic and hypoxic factors including VEGFC and hypoxiainducible factor 1-alpha (HIF1A) were upregulated [22]. A
similar study conducted by a French group also confirmed
the upregulation of genes involved in angiogenesis and
coagulation in oxaliplatin-induced sinusoidal injuries [23].
Glutathione forms an adduct with platinum by GST, which
leads to detoxification of oxaliplatin. In another study evaluating the role of GST polymorphism as a risk factor for SOS,
GSTM1-null genotype was significantly related to the presence of moderate-severe SOS [10].
We have analyzed the association between splenomegaly
and genetic polymorphisms in four SOS-related genes. We
hypothesized that these genes might be relevant to the pathogenesis of SOS, as suggested in an animal model [13]. In this
model, upregulation of MMP-9 and subsequent decrease of
nitric oxide contributed to SEC injury, as well as glutathione
depletion followed by production of reactive oxygen species.
However, we found no association between splenomegaly
and the genetic polymorphisms. Further studies are needed
to determine the role of other genes or polymorphisms as a
risk factor of SOS.
Some studies have suggested a negative impact of oxaliplatin-related SOS on long term outcomes with early recurrence and decreased overall survival in patients with
colorectal liver metastases [24]. In addition, more severe
VOLUME 48 NUMBER 3 JULY 2016

995

Cancer Res Treat. 2016;48(3):990-997

grade of SOS was correlated with lower histopathological
tumor regression [25]. In our study, splenomegaly, used as a
biomarker of SOS, showed no association with survival outcome. A possible explanation is that, unlike previous studies,
our study was conducted in patients in the adjuvant setting
without distant metastasis. In addition, the frequency of
hepatic recurrence was not significantly different according
to the development of splenomegaly (2.1% [1/47] in patients
with splenomegaly vs. 5.2% [4/77] in patients without
splenomegaly, p=0.65).
The current study has some limitations including the retrospective nature of the study and no histopathological confirmation of SOS. However, the homogeneity of the study
population including only patients in the adjuvant setting is
the strength of the study.

Conclusion
In summary, we show that splenomegaly occurred in
87.9% of CRC patients receiving adjuvant FOLFOX treatment
and it was also associated with more severe thrombocytopenia. Importantly, the development of splenomegaly did not
affect DFS. As we found no association between the genetic
polymorphisms analyzed herein and development of splenomegaly, future studies investigating other biomarker candidates are warranted for prediction of SOS.
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Purpose
Tumor regression grade (TRG) is predictive of therapeutic response in rectal cancer patients
after chemoradiotherapy (CRT) followed by curative resection. However, various TRG systems have been suggested, with subjective categorization, resulting in interobserver variability. This study compared the prognostic validity of four different TRG systems in order to
identify the most ideal TRG system.
Materials and Methods
This study included 933 patients who underwent preoperative CRT and curative resection.
Primary tumors alone were graded according to the American Joint Committee on Cancer
(AJCC), Dworak, and Ryan TRG systems, and both primary tumors and regional lymph nodes
were graded according to a modified Dworak TRG system. The ability of each TRG system
to predict recurrence-free survival (RFS) and overall survival (OS) was analyzed using chisquare and C statistics.
Results
All four TRG systems were significantly predictive of both RFS and OS (p < 0.001 each),
however none was a better predictor of prognosis than ypStage. Among the four TRGs, the
mDworak TRG system was a better predictor of RFS and OS than the AJCC, Dworak, and
Ryan TRG systems, and both the chi-square and C statistics were higher for the former,
although the differences were not statistically significant. The combination of ypStage and
the modified Dworak TRG better predicted RFS and OS than ypStage alone.
Conclusion
The modified Dworak TRG system for evaluation of entire tumors including regional lymph
nodes is a better predictor of survival than current TRG systems for evaluation of the primary
tumor alone.

Key words
Rectal neoplasms, Chemoradiotherapy, Tumor regression grade
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AJCC, American Joint Committee on Cancer. a)Modified Dworak TRG was used to evaluate both the primary tumor and regional lymph nodes as a whole.
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Ryan
Mandard

No residual cancer cells
(TRG 1)
No tumor cells (TRG 4)

This study enrolled 1,063 patients with primary rectal cancer who had undergone preoperative CRT at the National
Cancer Center, Korea, between January 1, 2002 and December 30, 2011. All of the patients had biopsy-proven carcinoma
of the middle or lower rectum (within 9 cm of the anal verge)
and were classified as cT3 or cT4 on magnetic resonance
imaging (MRI), with or without transrectal ultrasonography.
Of these 1,063 patients, 130 were excluded, including 71 who
refused surgery, 15 who were transferred to other hospitals,

Dworak

1. Patients

Table 1. Tumor regression grade (TRG) systems

Materials and Methods

AJCC

Pre-operative chemoradiation therapy (CRT), followed by
curative resection, has become the standard treatment for
patients with locally advanced rectal cancer [1]. Accurate
determination of tumor regression grade (TRG), ypT, ypN,
and ypStage in the rectum after CRT is important for both
pathologists and patients. TRG reflects therapeutic response,
and ypT, ypN, and ypStage have been shown to predict
prognosis [2-4]. The anatomical criteria in TNM staging are
relatively objective and reproducible. Although the definition of regional lymph node (LN) metastasis (including pericolorectal tumor nodules) has been modified several times
[5-7], ypN remains a major prognostic factor in these patients
[8,9]. Various grading systems have been proposed for TRG,
however, resulting in interobserver variability in grading
[10]. The most widely used TRG systems are those of Ryan
et al. [11], Dworak et al. [12], and Mandard [13]. The Mandard and Dworak TRG systems are classified according to
five-point grades based on residual tumor and fibrosis
[12,13], whereas the Ryan TRG system, with three-point
grading, is a type of modified Mandard TRG system [11]. The
2010 American Joint Committee on Cancer (AJCC) TRG system is a modification of the Ryan TRG system based on the
volume of residual primary tumor cells [5]. Details of each
of these TRG systems are shown in Table 1.
The current TRG systems evaluate only the primary tumor
with no consideration of regional LN status. To determine
the most clinically-valid TRG system predictive of prognosis
and therapeutic response, we retrospectively compared the
prognostic significance of current TRG systems that evaluate
the primary tumor alone with that of a newly developed
modified Dworak (mDworak) TRG system that evaluates
both the primary tumor and regional LNs.

Complete
regression

Modified Dworak (pT+pN)a)

Introduction

No tumor cells (TRG 4)
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Table 2. Distribution of case numbers according to four different TRG systems
TRG system

Distribution
Modified Dworak TRG

Grade 0
Grade 1
Grade 2
Grade 3
Grade 4

162 (17.3)
526 (56.4)
116 (12.4)
129 (13.8)

AJCC TRG
a)

135 (14.5)
140 (15.0)
546 (58.5)
112 (12.0)
-

Ryan TRG

Dworak TRG

275 (29.5)
546 (56.1)
112 (11.5)
-

0 (0)
113 (12.1)
575 (61.6)
110 (11.8)
135 (14.5)

Values are presented as number (%). The modified Dworak system assessed the primary tumor and regional lymph nodes,
whereas the American Joint Committee on Cancer (AJCC), Ryan, and Dworak systems assessed the primary tumor alone.
TRG, tumor regression grade. a)Including six patients classified as ypT0N1.

and 44 who underwent local excision because of the presence
of comorbidities or inoperable status (initial clinical stage IV).
The remaining 933 patients were treated with neoadjuvant
CRT, followed by curative resection. Neoadjuvant CRT consisted of preoperative radiotherapy (total dose, 45 Gy)
applied over 5-6 weeks to the pelvis, with a boost to the rectum, resulting in a total of 50.4 Gy in 28 fractions. Concomitant chemotherapy was initiated on the first day of radiotherapy, and administered intravenously or orally during the
6 weeks of radiotherapy. Multiple chemotherapeutic regimens were employed, with 536 patients (57.5%) treated with
5-fluorouracil (5-FU) and leucovorin; 255 (27.3%) with
capecitabine, with or without irinotecan; 117 (12.5%) with
tegafur-uracil; and 25 (2.7%) with cetuximab, irinotecan, and
capecitabine. Radical surgery, including total mesorectal
excision, was performed 4-6 weeks after completion of CRT.
Of the 944 patients, 809 (86.7%) subsequently received
adjuvant chemotherapy, consisting of fluoropyrimidine
(5-FU/leucovorin, capecitabine, or tegafur-uracil/leucovorin; n=747) or combination therapy (5-FU/leucovorin/
oxaliplatin, capecitabine/oxaliplatin, S-1/oxaliplatin, or
5-FU/leucovorin/irinotecan; n=62). This study was approved by the Institutional Review Board of the National Cancer
Center, Korea, and each patient provided written informed
consent prior to preoperative CRT.
2. Pathological examination
Each tumor was classified using World Health Organization (WHO) criteria [14] and initially staged using the TNM
system of the AJCC, sixth edition [6]. TRGs for both primary
tumors and regional LNs were initially determined using our
mDworak TRG system. The original Dworak TRG system
evaluates the primary tumor only [12], whereas our
mDworak TRG system evaluates the entire lesion including
the rectum and underlying mesorectum. The resected rectum
was embedded in full thickness for evaluation of the circum-
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ferential resection margin and total mesorectal excision
status. Sections from the rectal wall often include the regional
LNs and perirectal tumor deposits. TRG determination may
be ambiguous in patients having predominant residual
cancer cells in the mesorectum as a separate nodular form
(regressed mesorectal tumor [ypT3] vs. perirectal tumor
deposits [ypN1c]). Thus, we estimated TRG for the primary
tumor and regional LNs, including perirectal tumor deposits,
as a whole. The mDworak TRG system was graded as
follows: TRG 4, or complete regression, defined as no residual tumor cells in the primary tumor and regional LNs
(ypT0N0); TRG 3, or near complete regression, defined as
one or two microscopic foci (each < 0.5 cm in diameter) of
residual tumor cells or groups in the primary tumor and
regional LNs; TRG 2, or moderate regression, defined as
dominant fibroinflammatory changes with vasculopathy
encompassing more than 50% of the entire tumor, including
the tumor, regional LN metastases, and perirectal tumor
deposits; TRG 1, or minimal regression, defined as a dominant tumor mass encompassing more than 50% of the primary tumor and/or regional LN metastases. All tumors were
reviewed by two pathologists (S.H.K. and H.J.C.) to determine tumor deposit status (ypN1c); this allowed restaging of
the tumors according to the seventh edition of the AJCC [5].
TRGs of the primary tumors were also re-assessed using the
Dworak, Ryan, and AJCC TRG systems [5,11,12]. Since the
Mandard and Dworak TRG systems have similar grading
criteria, with the only difference being the reverse order of
TRG number (Table 1), tumor assessment using the Mandard
TRG system was not performed. Of the 933 patients,
55 (5.89%) changed their TRGs by using Dworak TRG
instead of the mDworak TRG system. Among the 55 patients,
six were found to be ypT0N+ (ypT0N1), with these patients
classified as having complete regression according to the
AJCC and Dworak TRG systems. Patient distribution according to each TRG system is shown in Table 2.

Soo Hee Kim, Tumor Regression Grade in Rectal Cancer

3. Follow-up
Patients were followed-up for local recurrence and distant
metastasis every 3 months for the first 2 postoperative years,
then every 6-12 months thereafter. Follow-up included physical examinations, measurements of serum carcinoembryonic
antigen concentration, chest X-ray, and abdominal ultrasound or computed tomography (CT).
4. Statistical analysis
Pearson’s chi-square test or Fisher exact test was used for
comparison of between-group differences in recurrence or
survival rate predicted by clinicopathological parameters.
Overall survival (OS) was defined as the time from diagnosis
to death. Relapse-free survival (RFS) was defined as the time
from operation to any type of recurrence, as evidenced by
CT, MRI, or histology. RFS and OS curves were plotted using
the Kaplan-Meier method and compared using the log-rank
test. Prognostic factors were evaluated using Cox regression
models. The predictive abilities of the mDworak, AJCC, original Dworak (Dworak), and Ryan TRG systems, and ypStage
for RFS and OS were evaluated by chi-square and C statistics,
the latter being a concordance measure analogous to the
receiver operating characteristic curve area for the logistic
model. The value indicates the probability that a model produces a higher risk for those who do than do not develop an
event [15]. Higher chi-square and C-statistic values indicate
better predictive capabilities. Models that combined ypStage
with each TRG were also examined. Interobserver variation
of mDworak TRG systems was also analyzed by kappa
value. A p-value of < 0.05 was considered statistically significant. Statistical analyses were performed using IBM SPSS
ver. 20 software for Windows (IBM Co., Armonk, NY), and
the chi-square and C statistics were calculated using Stata
software (Stata Corp., College Station, TX).

Results
1. Patients
Of the 933 patients, 188 (20.1%) experienced tumor recurrence over a median follow-up period of 53.7 months (range,
0 to 126 months). Locoregional recurrence occurred in 101
patients (10.8%), distant metastasis in 171 (18.3%), of whom
84 (9%) had both locoregional recurrence and distant metastasis. The 5-year RFS and OS rates were 77.4% and 62.8%,
respectively. The number of patients in each TRG classification is shown in Table 2. Over 50% of patients graded using

the mDworak, Ryan, Dworak and AJCC TRGs were grade 2.
The clinicopathologic characteristics of the included patients
are shown in Table 3.
2. Survival analysis (RFS and OS)
In Kaplan-Meier univariate analysis, ypN, ypT, and
ypStage; all four TRG systems (mDworak, AJCC, Dworak,
and Ryan); histological grade; venous, lymphatic, and perineural invasion; and circumferential resection margin
showed significant association with both RFS and OS
(p < 0.01 each) (Table 3). The RFS and OS of patients classified as original or mDworak grades 3 and 4, and those classified as AJCC TRG0 and 1, did not differ significantly
(Table 3, Figs. 1 and 2). The RFS and OS of ypStage 0 and
I patients also did not differ significantly (p > 0.1 each)
(Table 3). RFS was significantly lower in the ypT0N+
(ypT0N1) than in other early stage groups (p < 0.001)
(Fig. 1). The 5-year RFS rate of the ypT0N+ group was comparable to that of the ypstage III group (55.6% vs. 58%,
respectively) (Table 3). Two of six ypT0N+ patients developed recurrences at 20 and 51 months postoperatively, and
both were classified as ypT0N1a. However, no ypT0N+
patient died during the follow-up period.
Using multivariate analysis, we performed an analysis to
determine whether each TRG system, as well as ypStage,
histological grade, perineural invasion, and circumferential
resection margin, were prognostic of RFS and OS. In multivariate analysis, only ypStage, perineural invasion, and
circumferential resection margin were independently prognostic for RFS and OS (Table 4).
3. Ability of the four TRG systems and ypStage to predict
RFS and OS
The chi-square and C statistics of a model using ypStage
for prediction of RFS and OS were significantly higher than
those of the models using the TRG systems, indicating that
ypStage was a better predictor of RFS and OS than the TRG
systems (Table 5). Among the four TRGs, the mDworak TRG
system was a better predictor of RFS and OS than the AJCC,
Dworak, and Ryan TRG systems, and both the chi-square
and C statistics were higher for the former, although the differences were not statistically significant (Table 5). However,
the combination of ypStage and the mDworak TRG system
showed significantly better chi-square and C statistics for
both RFS and OS than ypStage alone (Table 5). A combination of ypStage and the AJCC TRG system showed increased
chi-square and C statistics for RFS and OS compared with
ypStage alone; however, this model did not distinguish
among the hazard ratios of groups (p > 0.05 for AJCC TRG),
indicating that this model was inadequate for prognosis.
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Fig. 1. Relapse-free survival of 933 rectal cancer patients treated with pre-operative chemoradiotherapy followed by surgical
resection, according to tumor regression grades (TRG) according to the modified Dworak (mDworak) system (A), which
assesses both the primary tumor and regional lymph nodes, the American Joint Committee on Cancer (AJCC) system (B),
which assesses the primary tumor alone, and ypStage (C).

1002

CANCER RESEARCH AND TREATMENT

Soo Hee Kim, Tumor Regression Grade in Rectal Cancer

A

B

1.0

1.0
mDworak TRG 3

AJCC TRG 0

mDworak TRG 4

AJCC TRG 1

0.8

0.8
Overall survival

Overall survival

mDworak TRG 2

0.6
mDworak TRG 1

0.4

0.2

AJCC TRG 2

0.6
AJCC TRG 3

0.4

0.2
p < 0.001

0

0

25

p < 0.001

50
75
Time (mo)

100

0

25

50
75
Time (mo)

100

125

C

ypT0N1

1.0

0

125

ypStage 0-1

Overall survival

0.8

ypStage II
ypStage IIIa

0.6

ypStage IIIb

0.4
ypStage IIIc

0.2
p < 0.001

0

0

25

50
75
Time (mo)

100

125

Fig. 2. Overall survival of 933 rectal cancer patients treated with pre-operative chemoradiotherapy followed by surgical
resection, according to tumor regression grades (TRG) according to the modified Dworak (mDworak) system (A), which
assesses both the primary tumor and regional lymph nodes, the American Joint Committee on Cancer (AJCC) system (B),
which assesses the primary tumor alone, and ypStage (C).
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Table 3. Parameters used in Kaplan-Meier survival analysis
Parameter
Sex
Male
Female
Age (yr)a)
< 60
! 60
Distance from AV (cm)
<5
!5
Histological typeb)
Adenocarcinoma
Other typec)
Histological gradeb)
Low
High
ypT
ypT0
ypTis
ypT1
ypT2
ypT3
ypT4
ypN
ypN0
ypN1a
ypN1b
ypN1c
ypN2a
ypN2b
ypStage
ypT0N1
0
I
II
III
IV
Circumferential RM
Negative
Positive
mDworak TRGd)
1 (minimal)
2 (moderate)
3 (near complete)
4 (compete)
AJCC TRG
0 (complete)
1 (moderate)
2 (minimal)
3 (poor)
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No. of cases

5-Year RFS (%)

p-value

5-Year OS (%)

p-value

635
298

76.4
78.7

0.434

98.4
95.3

0.271

530
403

77.2
77.6

0.887

86.2
97.1

0.057

318
615

71.3
80.8

0.002

81.6
85.9

0.15

768
31

75.5
60.9

< 0.001

83.1
57.5

< 0.001

757
42

76
56.1

< 0.001

83.6
54.5

< 0.001

134
12
51
222
468
46

92
91.7
97.8
88.7
66.9
55.1

< 0.001

97.6
87.5
97.3
95.4
73.9
73.6

< 0.001

612
83
103
33
61
41

87
68.1
64.6
59
45.4
22.4

< 0.001

92.1
82.4
77.3
65.1
60.4
29.7

< 0.001

6
140
228
244
315
0

55.6
93.1
91.6
78.5
58
0

< 0.001

100
97.7
96
83.6
68.9
0

< 0.001

847
86

80
48.8

< 0.001

87.8
52

< 0.001

162
526
116
129

56
76.2
91.1
92.5

< 0.001

64.9
83.7
95.8
97.5

< 0.001

135
140
546
112

90.9
89.7
73.9
57.8

< 0.001

97.6
93
82.2
62.4

< 0.001
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Table 3. Continued
Parameter
Dworak TRG
! 1 (minimal)
2 (moderate)
3 (near complete)
4 (complete)
Ryan TRG
1 (good)
2 (moderate)
3 (poor)
TME
Complete
Near-complete
Incomplete
Lymphatic invasion
Present
Absent
Perineural invasion
Present
Absent
Venous invasion
Present
Absent

No. of cases

5-Year RFS (%)

p-value

5-Year OS (%)

p-value

113
575
110
135

57.1
74.3
93
90.9

< 0.001

62.6
82.3
95.6
97.6

< 0.001

275
546
112

90.3
73.9
57.8

< 0.001

95.2
82.2
62.4

< 0.001

664
236
33

79.2
73
64.1

0.072

85.7
81
71.3

0.275

256
677

58.4
83.8

< 0.001

63.9
90.9

< 0.001

215
718

79.8
84.7

< 0.001

62.1
89.9

< 0.001

185
748

57.6
96.7

< 0.001

62.1
88.7

< 0.001

RFS, recurrence-free survival; OS, overall survival; AV, anal verge; RM, resection margin; mDwork, modified Dwork; TRG,
tumor regression grade; AJCC, American Joint Committee on Cancer; TME, total mesorectal excision. a)Median 59 years
(range, 22 to 87 years), b)No residual tumors were noted in 134 cases (14.4%); these are excluded, c)23 mucinous adenocarcinomas, six signet ring cell carcinomas, two adenosquamous carcinomas, d)Dworak TRG assessing primary tumor and regional
lymph nodes as a whole.

Table 4. Multivariate analysis of factors influencing RFS and OS
Factor
ypStage
0&I
II
III
Perineural invasion
Absent
Present
Circumferential resection margin
Negative
Positive

RFS

OS

Hazard ratio (95% CI)

p-value

Hazard ratio (95% CI)

p-value

1.000 (
2.057 (1.253-3.379)
4.514 (2.888-7.055)

< 0.001

1.000 (
2.668 (1.449-4.913)
4.747 (2.686-8.389)

< 0.001

1.000 (
2.440 (1.802-3.304)

< 0.001

1.000 (
2.161 (1.504-3.105)

< 0.001

1.000 (
1.656 (1.128-2.430)

0.010

1.000 (
2.942 (1.979-4.375)

< 0.001

RFS, recurrence-free survival; OS, overall survival; CI, confidence interval.
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Table 5. Univariate Cox’s proportional hazards models and model validation of RFS and OS
Model
Modified Dworak TRG
1
2
3
4
AJCC TRG
0
1
2
3
Dworak TRG
!1
2
3
4
Ryan TRG
1
2
3
ypStage
!I
II
IIIc)
ypStage
!I
II
IIIc)
Modified Dworak TRG
1
2
3
4
ypStage
!I
II
IIIc)
AJCC TRG
0
1
2
3

RFS
HR (95% CI)
1.000 (
0.450 (0.336-0.603)
0.178 (0.099-0.322)
0.172 (0.097-0.305)

p-value

OS
!

Harrell’s C

68.92

0.6492

2

< 0.001
< 0.001
< 0.001

0.922
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
119.46

1.000 (
2.892 (1.885-4.436)
6.328 (4.339-9.229)

< 0.001
< 0.001
133.35

1.000 (
2.613 (1.532-4.456)
5.404 (3.286-8.886)

< 0.001
< 0.001

1.000 (
0.612 (0.455-0.824)
0.411 (0.22-0.769)
0.702 (0.333-1.480)

0.001
0.005
0.352

1.000 (
0.57 (0.395-0.822)
0.25 (0.097-0.649)
0.639 (0.223-1.827)
130.76

1.000 (
2.600 (1.567-4.315)
5.439 (3.438-8.606)

< 0.001
< 0.001

1.000 (
0.710 (0.352-1.435)
0.983 (0.532-1.816)
1.654 (0.848-3.226)

0.340
0.955
0.140

1.000 (
0.766 (0.276-2.216)
1.203 (0.490-2.956)
2.464 (0.957-6.347)

53.95

0.6718

55.52

0.6711

53.76

0.6700

82.46

0.7175

97.33

0.7482

96.72 (

0.7439

< 0.001
< 0.001

0.002
< 0.001

0.003
0.004
0.403

0.7208
1.000 (
3.141 (1.569-6.285)
5.949 (3.146-11.249)

0.6783

< 0.001
< 0.001

0.7248
1.000 (
3.297 (1.551-7.007)
6.206 (3.040-12.669)

58.06

< 0.001
< 0.001
< 0.001

0.7046
1.000 (
3.959 (2.191-7.154)
7.864 (4.608-13.422)

Harrell’s Cb)

0.666
0.001
< 0.001

0.6356
1.000 (
3.289 (1.929-5.610)
8.043 (4.437-14.580)

!2

< 0.001
< 0.001
< 0.001

0.6374
1.000 (
0.403 (0.272-0.599)
0.098 (0.038-0.250)
0.111 (0.049-0.251)

59.57
1.000 (
2.615 (1.791-3.820)
5.457 (3.492-8.527)

p-value

0.6359
1.000 (
1.243 (0.463-3.337)
3.696 (1.710-7.986)
9.036 (4.004-20.394)

61.85
1.000 (
0.460 (0.332-0.637)
0.149 (0.077-0.287)
0.177 (0.101-0.312)

HR (95% CI)
1.000 (
0.426 (0.297-0.610)
0.106 (0.042-0.267)
0.132 (0.060-0.292)

59.58
1.000 (
1.035 (0.523-2.048)
2.662 (1.587-4.464)
5.553 (3.146-9.803)

a)

0.001
< 0.001

0.608
0.687
0.062

RFS, recurrence-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; TRG, tumor regression grade;
AJCC, American Joint Committee on Cancer. a)Differences between C-statistics for RFS: modified Dworak (mDworak) TRG vs.
AJCC TRG, p=0.091; mDworak TRG vs. Dworak TRG, p=0.118; mDworak TRG vs. Ryan TRG, p=0.110; AJCC TRG vs. Dworak
TRG, p=0.794; AJCC TRG vs. Ryan TRG, p=0.893; Dworak TRG vs. Ryan TRG, p=0.750; ypStage vs. mDworak TRG, p < 0.001;
ypStage+mDworak TRG vs. ypStage, p < 0.001; ypStage+mDworak TRG vs. ypStage+AJCC TRG, p=0.251, b)Differences between
C-statistics for OS: mDworak TRG vs. AJCC TRG, p=0.542; mDworak TRG vs. Dworak TRG, p=0.407; mDworak TRG vs. Ryan
TRG, p=0.444; AJCC TRG vs. Dworak TRG, p=0.925; AJCC TRG vs. Ryan TRG, p=0.475; Dworak TRG vs. Ryan TRG, p=0.878;
ypStage vs. mDworak TRG, p=0.043; ypStage+mDworak TRG vs. ypStage, p < 0.001; ypStage+mDworak TRG vs.
ypStage+AJCC TRG, p=0.582, c)Including six patients classified as ypT0N1.
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Discussion
An ideal TRG system should consistently measure therapeutic response and predict patient outcomes. However, previous studies on the prognostic significance of current TRG
systems have yielded variable results, owing to the use of
different grading systems, different endpoints for pathological complete response, different TRG components, and/or
ambiguous grading criteria [10,16-18]. In addition, classification according to TRG systems showed a very low concordance rate among experienced gastrointestinal pathologists,
even when using the same TRG system, indicating poor
reproducibility of these systems [10]. Current TRG systems
have two major limitations: the subjectivity of the grading
criteria and the range of tumors being evaluated (i.e., the primary tumor alone or the primary tumor and regional LNs).
The endpoint of pathologic complete response has been
defined as ypT0N0 [19,20]; however, current TRG systems
evaluate only the primary tumor [5,11,12]. Even though
regional LN status after CRT (ypN) is the most important
prognostic factor, current TRG systems do not consider
regional LN metastasis. Thus, the TRG systems may be inaccurate in predicting prognosis, particularly in ypT0N+
patients. Even though ypT0N+ patients have residual
tumors, they would be classified as having achieved complete response using the current TRG systems. RFS and OS
rates were significantly lower in ypT0N+ patients than in
ypT0N0 patients [21]. This study therefore compared the predictive abilities of four TRG systems: the Dworak, Ryan,
AJCC, and mDworak TRG systems. Although all were predictive of OS and RFS, the mDworak TRG system, which
assesses both the primary tumor and regional LNs, was
superior to the other TRG systems, which assess the primary
tumor alone. However, none of the four TRG systems was
superior in predictive ability to ypStage, but the mDworak
TRG system was found to complement the predictive power
of ypStage, further suggesting that consideration of regional
LN status could enhance the prognostic ability of TRG systems that evaluate the primary tumor alone.
Another limitation of current TRG systems is that grading
is imprecise and the criteria, particularly for near complete
regression, may be very subjective. For example, Dworak
TRG 3 was originally defined as ‘very few (difficult to find
microscopically) tumor cells in fibrotic tissue with or without
mucous substance’ [12]; however, this criterion was modified
to ‘regression of > 50% of the tumor mass’ [22,23]. The latter
criterion was actually for ‘good regression’ of the five-point
TRG system proposed by Rodel et al. [18]. Similarly, Mandard TRG 2 was originally defined as ‘the presence of rare
residual cancer cells scattered throughout areas of fibrosis’
[13], but has been modified to ‘single cells, or small groups

of cancer cells’ in the Ryan TRG system [11]. The meaning of
‘small groups of cancer cells’ was further modified from near
complete regression to moderate regression in the AJCC TRG
system [5]. To overcome the subjectivity of these criteria, it
may be necessary to quantify the estimated volume of residual tumor cells, perhaps by assessing the modified rectal cancer regression grade (m-RCRG). The criteria for m-RCRG are
grade 1 (complete or near-complete regression), defined as
no tumor epithelium and scattered foci of malignant epithelium comprising < 5% of the overall area of abnormality;
grade 2 (moderate regression), defined as malignant epithelium comprising 5%-50% of the overall area of abnormality;
and grade 3 (minimal regression), defined as malignant
epithelium comprising > 50% of the area of abnormality [10].
The m-RCRG is a quantified version of the Ryan TRG, except
that one of the criteria of m-RCRG grade 1, ‘< 5% of the residual tumor lesion,’ may not match ‘near-complete regression’
of large tumors. The total residual tumor cell volume may
vary by tumor size or number of sections. Therefore, ‘nearcomplete regression’ (grade 3) of the mDworak TRG system
was defined as one or two microscopic foci (< 0.5 cm in
diameter) of residual tumor cells or groups of tumor cells in
the primary tumor and regional LNs. The criteria for moderate regression could consequently be determined by the
criteria for near-complete and minimal regression. The
mDworak TRG system defined the upper limit of moderate
regression as 50% of residual tumor cell volume within the
regressed tumor lesion.
A major limitation of this study was the heterogeneity in
chemotherapeutic regimens. Use of different combination
regimens may have affected therapeutic responses, the
results of TRGs, and patient prognosis [19,24]. However, this
limitation may not have had a significant impact in comparative analysis of TRG systems. The other limitation was that
we did not compare interobserver variability among the various TRG systems. However, in random analysis of 5% of our
cases (47 cases) for interobserver variability, kappa value for
mDworal TRG between two pathologists (S.H.K. and H.J.C.)
was 0.936 (data not shown). This kappa value is much higher
than those reported in the previous study [10], and the reason why may be due to the differences in numbers of
observers (2 vs. 17), and due to microscopic examination of
entire lesions instead of one representative digitalized image.
In addition the grading criteria of the mDworak TRG system
could be relatively objective.
Despite multiple trials of various TRG systems, none was
found to be a better predictor of prognosis than ypStage.
Pathologic staging after neoadjuvant therapy is more objective and more predictive of prognosis and therapeutic
responses (for complete response vs. partial response).
Pathologic evaluation of surgically resected specimens after
neoadjuvant therapy is an extra-burden for pathologists,
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since meticulous examination is necessary for the accurate
evaluation of pathologic stage and therapeutic responses
[25]. Thus, application of a clinically valid TRG system is necessary. Our results showed that the mDworak TRG system
may complement ypStage, with their combination better predictive of RFS and OS than ypStage alone.
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Cost Effectiveness of Colorectal Cancer Screening Interventions with
Their Effects on Health Disparity Being Considered

Purpose
The purpose of this study was to evaluate the cost effectiveness of colorectal cancer screening interventions with their effects on health disparity being considered.

Kwang-Sig Lee, PhD1
Eun-Cheol Park, MD, PhD2

Materials and Methods
Markov cohort simulation was conducted with the cycle/duration of 1/40 year(s). Data
came from the results of randomized trials and others. Participants were hypothetical
cohorts aged 50 years as of year 2013 in 16 Korean provinces. The interventions until the
age of 80 were annual organized fecal occult blood test (FOBT) (standard screening), annual
FOBT with basic reminders for provinces with higher mortalities than the national average
(targeted reminder) and annual FOBT with basic/enhanced reminders for all provinces (universal reminder 1 and 2). The comparison was non-screening, the outcome was qualityadjusted life years, and only medical costs for screening and treatment were considered
from a societal perspective. The Atkinson incremental cost effectiveness ratio (Atkinson
ICER), the incremental cost effectiveness ratio adjusted by the Atkinson Inequality Index,
was used to evaluate the cost effectiveness of the four interventions with their impacts on
regional health disparity being considered.
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Results
Health disparity was smallest (or greatest) in non-screening (or the standard screening).
The targeted reminder had smaller health disparity, and smaller Atkinson ICER with respect
to standard screening, than did the universal reminder 1 and 2.
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Conclusion
The targeted reminder might be more cost effective than the universal reminders with their
effects on health disparity being considered. This study helps to develop promotional effort
for colorectal cancer screening with both the greatest cost effectiveness and the smallest
health disparity.

Introduction
Colorectal cancer is the fourth most common cause of cancer death in the world (0.69 million, 8.5%) [1]. Early detection
and treatment are essential for reducing high mortality from
colorectal cancer, given that adenomas and early colorectal
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cancers are usually small and asymptomatic [2]. However,
participation in colorectal cancer screening shows a wide
variation across different socioeconomic or regional conditions, e.g., from 53% in Oklahoma to 72% in Delaware in the
United States during 2006-2010 [2], from 33% in the most
deprived area to 67% in the least deprived area in England
for the year 2008 (organized screening) [3], and from 22% in
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Gyeongnam (a rural province) to 28% in Daejeon (a metropolitan province) in South Korea (Korea hereafter) for the
year 2012 (organized screening) [4]. This disparity in colorectal cancer screening might exacerbate disparity in health status, making more contribution to those with higher participation in this intervention.
However, the current cost effectiveness analysis of colorectal cancer screening focuses on improving population health
and ignores health disparity generated by this intervention.
But recent studies show that the purposes of maximizing
population health and minimizing health disparity often
contradict with each other: the promotion of a “targeted”
reminder designed to increase participation in organized colorectal cancer screening among deprived populations with
ethnic diversity minimizes health disparity, whereas the promotion of a “universal” reminder designed to increase participation in organized colorectal cancer screening among the
entire population maximizes population health in the United
Kingdom [5]. For this reason, several researchers started to
develop distributional cost effectiveness analysis (DCEA) of
healthcare interventions, a combination of cost effectiveness
analysis and health disparity examination.
This study might be the first DCEA of cancer screening
interventions in East Asia. Socioeconomic disparity in organized colorectal cancer screening has slightly decreased in
Korea since 2005, e.g., 10.3% vs. 16.9% for medicaid vs.
insured in 2006, then 22.2% vs. 26.1% in 2012 [4]. However,
regional disparity in this intervention still persists in the
nation, i.e., from 22% in Gyeongnam (a rural province) to
28% in Daejeon (a metropolitan province) for 2012 [4].
Indeed, Korea has much lower national participation in
organized colorectal cancer screening than does the United
Kingdom, i.e., 26% in 2012 vs. 52% in 2008 [3,4]. In this context, this study evaluated the cost effectiveness of organized
colorectal cancer screening interventions (i.e., screening with
various types of reminders), with their impacts on regional
health disparity being considered.

Materials and Methods
1. Participant, intervention, comparison, and outcome
Markov cohort simulation was conducted for hypothetical
cohorts aged 50 years as of the year 2013 in each of 16 Korean
provinces. The interventions until the age of 80 were (1)
annual fecal occult blood test (FOBT) (standard screening),
(2) annual FOBT with basic reminder letters for eight
provinces with higher mortalities from either all causes or
colorectal cancer than the national average (i.e., Busan

[metropolis], Gangwon, Chungbuk, Chungnam, Jeonbuk,
Jeonnam, Gyeongbuk, and Gyeongnam [rural areas]) [6] (targeted reminder), (3) annual FOBT with basic reminder letters
for all provinces (universal reminder 1), and (4) annual FOBT
with enhanced reminder letters (i.e., personal reminder letters with tailored information packages) for all provinces
(universal reminder 2). The comparison was non-screening.
The outcome measure was quality-adjusted life years
(QALYs). The Markov states were (1) healthy, (2) polyps not
detected by screening (P1), (3) polyps detected by screening
(P2), (4) symptom-free early colorectal cancer not detected
by screening (ECC1), (5) symptom-free early colorectal cancer detected by screening (ECC2), (6) symptomatic early colorectal cancer (ECC3), (7) symptom-free advanced colorectal
cancer not detected by screening (ACC1), (8) symptom-free
advanced colorectal cancer detected by screening (ACC2), (9)
symptomatic advanced colorectal cancer (ACC3), (10) death
from colorectal cancer, and (11) death from other causes (the
true positive goes through colorectal cancer treatment without further colorectal cancer screening). The length of the
cycle was 1 year and the length of the duration was 40 years
between the ages of 50 and 90. Only medical costs for screening and treatment were considered from a societal perspective. The “Atkinson incremental cost effectiveness ratio
(Atkinson ICER),” the incremental cost effectiveness ratio
adjusted by the Atkinson Inequality Index (to be elaborated
below) was used to evaluate the cost effectiveness of the four
interventions with their impacts on health disparity being
considered.
2. Model structure
Fig. 1 shows a simplified version of the Markov model for
cohort simulation. In each cycle, the healthy can stay healthy,
develops polys (P1/2) or dies from causes other than colorectal cancer. Without treatment (polypectomy), one with
polyps (1) stays as he or she is, (2) develops early colorectal
cancer with the annual polyp-ECC transition rate of 0.005
[2,7,8], i.e., P1 to ECC1, P2 to ECC2, or (3) dies from causes
other than colorectal cancer. Without treatment, one with
early colorectal cancer (1) stays as he or she is, (2) develops
advanced colorectal cancer with the mean ECC dwelling
time of 2 years [2,7,8], i.e., ECC1 to ACC1, ECC2 to ACC2,
ECC3 to ACC3, or (3) dies from causes other than colorectal
cancer. Also, without treatment, the mean sojourn time from
symptom-free to symptomatic colorectal cancer (i.e., from
ECC1/2 to ECC3, from ACC1/2 to ACC3) is 5 years [9]. A
new incidence of polyps is detected by a screening, while a
new incidence of colorectal cancer is detected by either a
screening or a symptom. The incidence rate of polyps or colorectal cancer is the same between screened and unscreened
groups. Suspicious lesions detected by colonoscopy are biopVOLUME 48 NUMBER 3 JULY 2016
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Fig. 1. Simplified version of Markov cohort simulation model. P, polyp; ECC, early colorectal cancer; ACC, advanced colorectal cancer; CC, colorectal cancer.

sied and those detected by FOBT receive colonoscopy (and
biopsy if applicable). One who receives polypectomy
becomes healthy or dies from causes other than colorectal
cancer. Patients who receive treatment either stay as cancer
patients or die, and those who survived for 5 years after treatment have the same mortality rates with healthy people in
the same age group. Table 1 summarizes the parameters, values and references for the model described above.
3. Utility, screening, natural history, and survival after
treatment and cost
Utilities for the 11 Markov states came from a systematic
review of colorectal cancer utilities [10] and a cost effectiveness analysis of colorectal cancer screening with blood-based
biomarkers [11]. Three percent were introduced as annual
discount rates for utility. Values on screening-related variables and the natural history of colorectal cancer were
obtained from Statistics Korea [6], previous studies on cancer
registry data (for Korea [4,12] and for Germany [9]), existing
literature on the cost effectiveness of colorectal cancer screening [2,7,8,13], and Bayesian calibration for the natural history
of colorectal cancer [14]. Data sources on survival after treatment were randomized trials through 13 and 30 years of
follow-up for the cost effectiveness of colorectal cancer
screening in the United States [15,16]. The cost of a basic/
enhanced reminder letter, FOBT, colonoscopy and biopsy
per participant in Korea for 2013 were derived from random-
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ized trials for the cost effectiveness of reminder letters for
colorectal cancer screening in the United States and UK for
2005 and 2009, respectively [17,18], the Korea Ministry of
Health and Welfare notifications and the Korea Health
Insurance Review and Assessment Service guidelines on
health insurance medical cost including drug components
and materials for medical treatment [19].
Based on the randomized trials, the basic (or enhanced)
reminder letters are expected to increase the participation
rate in colorectal cancer screening by 6% (or 12%) [17,18] (the
cost of the reminder letter in the United States/United Kingdom was adjusted by the ratio of Korea’s per-capita health
expenditure to its United States/United Kingdom counterpart for 2013 [20]). For instance, screening participation was
assumed to be higher by 6% in the targeted-reminder intervention than in the standard-screening intervention in Busan,
Gangwon, Chungbuk, Chungnam, Jeonbuk, Jeonnam,
Gyeongbuk, and Gyeongnam, e.g., 27%, 35%, and 25% for
those aged 51-60, 61-70, and 71-80 in Busan from Supplementary Table 1, respectively. The participation gap between the
universal-reminder-1 and standard-screening interventions
was presumed to be 6% in every area, e.g., 31%, 41%, and
29% for those aged 51-60, 61-70, and 71-80 in Seoul from Supplementary Table 1, respectively. Likewise, the participation
difference between the universal-reminder-2 and standardscreening interventions was supposed to be 12% in every
area, e.g., 37%, 47%, and 35% for those aged 51-60, 61-70, and
71-80 in Seoul from Supplementary Table 1, respectively. For
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Table 1. Parameters, values, and references
Parameter
Utility
Healthy
Polyp1 (undetected, symptom-free)
Polyp2 (detected, symptom-free)
ECC1 (undetected, symptom-free)
ECC2 (detected, symptom-free)
ECC3 (detected, symptomatic)
ACC1 (undetected, symptom-free)
ACC2 (detected, symptom-free)
ACC3 (detected, symptomatic)
Dead
Screening
Participation rate
Sensitivity
FOBT, polyp
FOBT, cancer by age
51-60 yr
61-70 yr
71-80 yr
Colonoscopy, polyp
Colonoscopy, cancer
Natural history of colorectal cancer
Polyp prevalence per 100,000 at age 50 yr
Polyp incidence per 100,000 by age, annual
50-59 yr
60-69 yr
70-79 yr
! 80 yr
Polyp-ECC transition rate, annual
ECC dwelling time (yr)
Mean sojourn time (yr)
5-Year survival rate after operation
ECC2 (symptom-free)
ECC3 (symptomatic)
ACC2 (symptom-free)
ACC3 (symptomatic)
Mortality from other causes by age, annual
Cost (current USD)
Targeted/Universal-1/Universal-2 Reminder
FOBT
Colonoscopy
Biopsy
Polypectomy
Treatment
Initial
Continuing
Final

Value

Reference
[10,11]

1
0.9
0.9
0.8
0.8
0.8
0.76
0.76
0.68
0
Supplementary Table 1

[4]

0.1

[12]
[13]

0.62
0.6
0.57
0.85
0.97
25,000
530
1,100
1,560
190
0.005
2
5
0.94
0.94
0.57
0.57
Supplementary Table 2
3/3/5
4
58
43
163

[12]
[12]
[2,7,8]
[14]

[2,7,8]
[2,7,8]
[9]
[15,16]

[6]
[6,17,18,22]
[6,19]
[6,19]
[6,19]
[6,19]
[20,21]

4,342
215
6,737

ECC, early colorectal cancer; ACC, advanced colorectal cancer; FOBT, fecal occult blood test; USD, US dollar.
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Table 2. Per-capita quality-adjusted life years and cost of interventions and comparison
QALY
Nation
Seoul
Busan
Daegu
Daejeon
Incheon
Gwangju
Ulsan
Gyeonggi
Gangwon
Chungbuk
Chungnam
Jeonbuk
Jeonnam
Gyeongbuk
Gyeongnam
Jeju
Cost (current USD)
Seoul
Busan
Daegu
Daejeon
Incheon
Gwangju
Ulsan
Gyeonggi
Gangwon
Chungbuk
Chungnam
Jeonbuk
Jeonnam
Gyeongbuk
Gyeongnam
Jeju

Population

No screening

Standard

Targeted

Universal 1

Universal 2

100,000
19,577
6,842
5,132
2,954
6,155
2,842
2,555
25,084
2,962
2,978
3,897
3,273
3,274
5,012
6,372
1,090

19.28966
19.62310
19.07803
19.19457
19.34365
19.16985
19.16234
18.85813
19.38493
19.15597
18.99632
19.21233
19.21761
19.04510
19.10479
19.05105
19.39602

19.52593
19.86957
19.30357
19.41565
19.58492
19.40671
19.39668
19.08096
19.62702
19.39398
19.22904
19.44323
19.45502
19.27671
19.33233
19.27367
19.62808

19.53064
19.86957
19.31790
19.41565
19.58492
19.40671
19.39668
19.08096
19.62702
19.40563
19.24099
19.45712
19.46702
19.28942
19.34646
19.28880
19.62808

19.53863
19.88138
19.31790
19.43205
19.59643
19.41852
19.40895
19.09442
19.63866
19.40563
19.24099
19.45712
19.46702
19.28942
19.34646
19.28880
19.64303

19.54810
19.89033
19.32834
19.44369
19.60519
19.42746
19.41815
19.10432
19.64750
19.41447
19.25000
19.46730
19.47607
19.29889
19.35677
19.29970
19.65385

19,577
6,842
5,132
2,954
6,155
2,842
2,555
25,084
2,962
2,978
3,897
3,273
3,274
5,012
6,372
1,090

1,674
1,614
1,628
1,642
1,623
1,624
1,589
1,647
1,620
1,604
1,628
1,629
1,609
1,616
1,610
1,646

1,234
1,198
1,214
1,211
1,198
1,199
1,177
1,215
1,196
1,185
1,207
1,203
1,190
1,199
1,197
1,223

1,234
1,279
1,214
1,211
1,198
1,199
1,177
1,215
1,285
1,272
1,291
1,291
1,276
1,281
1,276
1,223

1,326
1,279
1,291
1,302
1,286
1,286
1,258
1,306
1,285
1,272
1,291
1,291
1,276
1,281
1,276
1,306

1,395
1,340
1,349
1,369
1,353
1,351
1,319
1,373
1,352
1,337
1,353
1,358
1,340
1,342
1,336
1,368

Standard, standard screening; Targeted, targeted reminder; Universal 1 (or 2), universal reminder 1 (or 2); QALY, qualityadjusted life years; USD, US dollar.

the calculation of treatment cost per patient for colorectal
cancer by the phase of care in Korea for the year 2013, treatment cost per patient for colorectal cancer from the Korea
National Health Insurance Corporation [21] was adjusted by
the share of direct cost for cancer care in the United States
for the year 2010 by the phase of care [22]. The cost in Korean
Won was converted to US dollars with the exchange rate of
$1=1,055.4 Won as of the year 2013 [6]. The annual inflation
rate adjusted by the annual discount rate for cost was assumed to be 1.
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4. Social welfare analysis
The crux of DCEA is to adjust total effectiveness outcome
(the “un-weighted” mean or sum of individuals’ effectiveness outcomes in the conventional cost effectiveness analysis)
by an inequality index so that interventions with greater
health disparity lead to smaller total effectiveness outcomes.
One of popular inequality indexes is the Atkinson Inequality
Index in Eq. (1) [23], a function of inequality aversion, i.e.,
public aversion to health disparity. Usually, inequality aver-

Atkinson inequality index for ∈
A∈
n
Population size
Qi
QALY, individual i
Lee, Colorectal
QKwang-SigQALY,
per-capitaCancer
(mean) Screening Interventions
∈
Inequality aversion

0.030

Targeted

ICER∈=

Universal 1

0.025

Universal 2

ICER∈
C 2/1
A∈2/1
Q 2/1

0.020
0.015

∈

C 2 –C 1
(1 –A ∈2 )Q 2–(1 –A ∈1 )Q 1

(2)

ICER for ∈
Intervention 2/1’s per-capita cost
Intervention 2/1’s Atkinson index
Intervention 2/1’s per-capita QALY
Inequality aversion

0.010
0.005
0

Q1

Q2

Q3

Q4

Fig. 2. Per-capita quality-adjusted life years (QALY) gains
of interventions compared to the standard screening: by
QALY group.

sion on income distribution is measured as public opinion
on the ideal rate of exchange between the incomes of those
with highest income and those with the lowest income
(Leaky Bucket Questionnaire) [24]. Likewise, inequality aversion on health distribution can be measured as public opinion on the ideal rate of exchange between the health of those
with the best health and those with the worst health. Once
the Atkinson Inequality Index is calculated for every intervention, the Atkinson ICER in Eq. (2), the incremental cost
effectiveness ratio adjusted by the Atkinson Inequality Index,
can be used to compare both cost effectiveness and health
disparity from the interventions. Total effectiveness outcome
in the Atkinson ICER, the denominator of Eq. (2), is different
from the conventional ICER in the following manner: as
inequality aversion increases, individuals with smaller
QALYs/worse health have more weights in total effectiveness outcome than do those with greater QALYs/better
health. The Atkinson Inequality Index becomes 0 and the
Atkinson ICER becomes the conventional ICER when
inequality aversion becomes 0. In this vein, the Atkinson
Inequality Index and the Atkinson ICER were calculated to
compare both cost effectiveness and health disparity from
the standard screening, the targeted reminder and, the uni1
—

1 n Q i 1–∈ 1–∈
A∈=1–[ – ( – ) ]
n i=1 Q

∑

A∈
n
Qi
Q
∈

(1)

Atkinson inequality index for ∈
Population size
QALY, individual i
QALY, per-capita (mean)
Inequality aversion

versal reminder 1 and 2 in Korea. Per-capita QALYs and percapita cost were computed for each intervention for each area
based on the Markov cohort simulation described above
(2014, TreeAge Software Inc., Williamstown, MA). Then, the
Atkinson Inequality Index and the Atkinson ICER for the
nation were calculated based on the equations below.

Results
Table 2 shows per-capita QALYs and cost of interventions
and the comparison by province in Korea. On a national
level, non-screening was dominated by the standard screening, the targeted reminder and, the universal reminder 1 and
2: on a national level, non-screening resulted in smaller percapita QALYs and greater per-capita cost than did the standard screening, the targeted reminder, and the universal
reminder 1 and 2. Only four provinces had higher per-capita
QALYs than the national mean across interventions and the
comparison, i.e., Seoul (the capital of the nation), Gyeonggi
(the province surrounding Seoul), Daejeon (the province specialized in research and development), and Jeju (a southern
island). The pattern was similar for the per-capita cost of
non-screening, the standard screening, and the universal
reminder 1 and 2. As expected, however, eight provinces
with basic reminder letters, i.e., Busan (metropolis), Gangwon, Chungbuk, Chungnam, Jeonbuk, Jeonnam, Gyeongbuk, and Gyeongnam (rural areas), had the higher per-capita
cost of the targeted-reminder intervention than the national
mean. Figs. 2 or 3 presents per-capita QALY gains of the targeted reminder, and the universal reminder 1 and 2 compared to the standard screening by QALY group (or by
province). Assume that the cohort consists of 100,000 participants. Then, in Fig. 2, Q1 is 25,000 participants with the
smallest QALYs and Q2 is 25,000 with QALYs greater than
Q1’s and smaller than the median QALY of the cohort. Likewise, Q4 is 25,000 participants with the greatest QALYs and
Q3 is 25,000 with QALYs smaller than Q4’s and greater than
the median QALY of the cohort. The per-capita QALY gain
VOLUME 48 NUMBER 3 JULY 2016

ICER∈=
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Fig. 3. Per-capita quality-adjusted life years gains of interventions compared to the standard screening: by province.

of the targeted-reminder intervention compared to the standard screening was greatest for Q1 (0.0125), followed by Q2
(0.0056), Q3 (0.0006), and Q4 (0.0000). A similar pattern was
found for the universal reminder 1 and 2 albeit by a smaller
gap between Q1 and another QALY group in terms of percapita QALY gain.
Table 3 displays the Atkinson Inequality Indexes and the
Atkinson ICERs of interventions and the comparison across
different values of inequality aversion. Health disparity,
measured by the Atkinson Inequality Index, was smallest (or
greatest) in non-screening (or the standard screening). Across
inequality aversion, indeed, the targeted reminder had
smaller health disparity, and greater cost effectiveness with
respect to the standard screening, than did the universal
reminder 1 and 2, e.g., $6,140 vs. $6,868 and $8,726 (or $5,744
vs. $6,831 and $8,835) for the Atkinson ICER with the
inequality aversion of 0 (or 7). Moreover, as inequality aversion increases, (1) the Atkinson ICER of the targeted
reminder becomes smaller, (2) the Atkinson ICER of the universal reminder 2 becomes greater, and (3) a gap between the
targeted reminder and the universal reminder 1 (or 2) in
terms of the Atkinson ICER expands (Fig. 4). If public aversion to health disparity becomes greater, these results suggest, the gap between the cost effectiveness of the targeted
reminder (minimizing health disparity) and the universal
reminder 1 and 2 (maximizing population health) will
become greater.
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Discussion
This study might be the first DCEA of cancer screening
interventions in East Asia, evaluating the cost effectiveness
of organized colorectal cancer screening interventions with
various types of reminders, with their impacts on regional
health disparity being considered. Based on the results of this
study, health disparity was smallest (or greatest) in nonscreening (or the standard screening) across inequality aversion. Across inequality aversion, in addition, the targeted
reminder had smaller health disparity, and greater cost
effectiveness with respect to the standard screening, than did
the universal reminder 1 and 2. Moreover, if public aversion
to health disparity increases, a difference between the cost
effectiveness of the targeted reminder (minimizing health
disparity) and the universal reminder 1 and 2 (maximizing
population health) will increase.
These findings are largely consistent with those on the
distributional cost effectiveness of organized colorectal cancer screening interventions in the United Kingdom (i.e., the
standard screening, the targeted reminder and the universal
reminder 1) [5]. As in Korea, across all or most values of
inequality aversion, health disparity was smallest in nonscreening and the targeted reminder had smaller health disparity and greater cost effectiveness (with respect to the
standard screening) than did the universal reminder 1 in the

Kwang-Sig Lee, Colorectal Cancer Screening Interventions

Table 3. Atkinson Inequality Indexes and Atkinson ICERs of interventions across inequality aversion
Inequality aversiona)

No screening

0
1
7
10
20
30

Standard

Universal 1

Universal 2

Atkinson Inequality Index (A! )
0.00000
0.00000
0.00000
0.00006
0.00006
0.00006
0.00044c)
0.00042
0.00043
0.00062c)
0.00060
0.00062
0.00123c)
0.00118
0.00122
0.00183c)
0.00176
0.00181
Atkinson ICER!
6,140d)
6,868d)
d)
6,080
6,863d)
d)
5,744
6,831d)
d)
5,592
6,816d)
d)
5,147
6,766d)
d)
4,786
6,718d)

0.00000
0.00006
0.00042b)
0.00059b)
0.00118b)
0.00175b)

0
1
7
10
20
30

Targeted

-

0.00000
0.00006
0.00043
0.00061
0.00121
0.00180
8,726d)
8,741d)
8,835d)
8,882d)
9,037d)
9,188d)

Atkinson ICER, Atkinson incremental cost effectiveness ratios; Standard, standard screening; Targeted, targeted reminder;
Universal 1 (or 2), universal reminder 1 (or 2). a)e=1 shows low relative inequality aversion, whereas, e=30 represents high
inequality aversion, b)Minimums, c)Maximums, d)Cost effective compared to standard screening (Korea’s 2013 per capita GDP
$25,977).
1
—

1 n Q i 1–∈ 1–∈
A∈=1–[ – ( – ) ]
n i=1 Q

∑

A∈
n
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Q
∈
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ICER∈
C 2/1
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QALY, individual i
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∈
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1,000
0

0
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20
Inequality aversion

ICER∈=

30

Fig. 4. Atkinson International Centre for Economic
Research (ICERs) of interventions compared to the standard screening: by inequality aversion. QALY, qualityadjusted life years.

C 2– C 1
(1 – A ∈2 )Q 2–(1–A ∈1 ) Q 1

(2)

ICER for ∈
Intervention 2/1’s per-capita cost
Intervention 2/1’s Atkinson index
Intervention 2/1’s per-capita QALY
Inequality aversion

United Kingdom.
For model validation, simulated results for Seoul and
Gyeonggi (covering 45% of Korea’s population) were compared with actual data from randomized trials through 30
years of follow-up for the cost effectiveness of colorectal cancer screening in the United States [16]. Simulation outcomes
were comparable to actual data regarding the relative risk of
30-year mortality with annual screening for a cohort aged 60
at the baseline, i.e., 0.62 for Seoul and Gyeonggi vs. 0.68 for
the United States.
A major policy implication of this study and DCEA in
general is that public aversion to health disparity can be an
important factor for the cost effectiveness of a healthcare
intervention especially in a region with significant health disparity: If inequality aversion increases, healthcare interventions designed to minimize health disparity (e.g., the targeted
reminder) will become relatively more cost effective than
those designed to maximize population health (e.g., the universal reminder 1 and 2). Based on a global analysis of
inequality aversion on income distribution for 1999 [25], the
range of inequality aversion was 0.42-1.88 in the United
VOLUME 48 NUMBER 3 JULY 2016
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States, 0.67-3.35 in the United Kingdom, 0.68-3.67 in Spain,
and 0.72-3.83 in Italy with population sizes and per-capita
GDPs of the latter three nations comparable to Korea’s for
the year 2013. Unfortunately, however, no such examination
has been available on health distribution. This line of
research might make great contribution to DCEA.
This study has the following limitations as well. First, sensitivity analysis for different values of utility for polyps and
colorectal cancer might present additional insights on this
line of research, even though these values in this study came
from well-established existing literature including a systematic review of colorectal cancer utilities and a cost effectiveness analysis of colorectal cancer screening with blood-based
biomarkers. Second, this study did not consider whether various types of reminders are economically feasible. In some
cases, new interventions, which were proven to be cost
effective, cannot be funded. Examining the economic feasibility of these reminders is expected to expand the boundary
of knowledge on this topic. Third, this study focused on a
dynamic interplay between cost effectiveness and regional
health disparity from colorectal cancer screening interventions. Using micro-simulation to highlight disparity in
patient-level variables such as family history, socioeconomic
status and social support might be another promising direction of research on this important issue. Fourth, a significant
part of data for this study came from existing literature for
other nations with different healthcare systems. The results
of this study need to be interpreted with a caution.

Conclusion
As promotional effort for colorectal cancer screening, the
targeted reminder might be more cost effective than its universal-reminder counterpart with their effects on health disparity being considered. This study helps to develop
promotional effort for colorectal cancer screening with the
greatest cost effectiveness and the smallest health disparity
at the same time.
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Effect of Helicobacter pylori Eradication on Long-Term Survival after
Distal Gastrectomy for Gastric Cancer

Purpose
Negative Helicobacter pylori status has been identified as a poor prognostic factor for survival in gastric cancer (GC) patients who underwent surgery. The aim of this study was to
examine the effect of H. pylori eradication on long-term outcomes after distal gastrectomy
for GC.
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Materials and Methods
We analyzed the survival of 169 distal GC patients enrolled in a prospective randomized
trial evaluating histologic changes of gastric mucosa after H. pylori eradication in the remnant stomach. The outcomes measured were overall survival (OS) and GC recurrence rates.
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Results
The median follow-up duration was 9.4 years. In the modified intention-to-treat analysis
including patients who underwent H. pylori treatment (n=87) or placebo (n=82), 5-year OS
rates were 98.9% in the treatment group and 91.5% in the placebo group, and KaplanMeier analysis showed no significant difference in OS (p=0.957) between groups. In multivariate analysis, no difference in overall mortality was observed between groups (adjusted
hazard ratio [aHR] for H. pylori treatment, 0.75; p=0.495) or H. pylori-eradicated status
(aHR for positive H. pylori status, 1.16; p=0.715), while old age, male sex, and advanced
stage ! IIIa were independent risk factors. Six patients in the treatment group (6.9%) and
seven patients in the placebo group (8.5%) had GC recurrences, and GC recurrence rates
were not different according to H. pylori treatment (5-year GC recurrence rates, 4.6% in the
treatment group vs. 8.5% in the placebo group; p=0.652).
Conclusion
H. pylori eradication for GC patients who underwent distal gastrectomy did not compromise
long-term survival after surgery.

Introduction
Guidelines recommend Helicobacter pylori eradication in
patients who undergo distal gastrectomy for treatment of
gastric neoplasia [1]. Despite these recommendations, several
studies have reported poor long-term outcomes in patients
negative for H. pylori infection after gastrectomy [2-4]. In
these studies, negative H. pylori status was an independent
poor prognostic factor for overall survival (OS) [2,4], gastric
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cancer-specific survival [3], and relapse-free survival [2]. In
addition, gastric cancers in patients without H. pylori infection had poorer clinicopathological features compared with
those in patients with H. pylori infection, including larger
tumor size, more advanced stage, and more frequent lymph
node or distant metastases [3-7].
However, H. pylori eradication or H. pylori–negative status
after endoscopic resection for gastric cancer has been associated with a reduced risk for development of metachronous
cancers in the remnant stomach [8,9]. In addition, H. pylori
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eradication leads to improvement of premalignant conditions, such as mucosal atrophy and intestinal metaplasia, in
the remnant stomach after gastrectomy [10,11]. Therefore,
H. pylori eradication may have beneficial effects, including
the potential prevention of metachronous cancers after gastrectomy.
In a previous double-blind randomized controlled study,
we reported that H. pylori eradication improved the histological changes of the remnant stomach mucosa, such as atrophy
and intestinal metaplasia, after subtotal gastrectomy for
gastric cancer [10]. In the current study, we evaluated longterm outcomes, including survival and cancer recurrence, to
determine whether H. pylori eradication has a detrimental
effect on long-term survival after distal gastrectomy for gastric cancer.

Materials and Methods
1. Study population
We observed patients enrolled in a previous double-blind
randomized controlled trial evaluating the effects of H. pylori
eradication on mucosal atrophy and intestinal metaplasia in
the remnant stomach after distal gastrectomy [10]. Detailed
methods were described previously. In brief, newly diagnosed gastric cancer patients aged 18 to 70 years were
recruited and screened for eligibility at the National Cancer
Center, Korea, between August 2003 and May 2006. Eligibility criteria were as follows: distal gastric adenocarcinoma of
clinical stage IA, IB, II, or IIIA according to the 6th edition of
the International Union Against Cancer/American Joint
Committee on Cancer TNM classification system [12], and
positive tests for H. pylori infection. Informed consent was
obtained from all participants. The Institutional Review
Board of the National Cancer Center, Korea, approved the
study protocol (NCCCTS03-063) and the original trial was
registered with ClinicalTrials.gov (NCT01002443) [10].
2. H. pylori status evaluation
Both the rapid urea test (RUT) and histology before distal
gastrectomy were used for assessment of H. pylori infection.
On the initial esophagogastroduodenoscopy (EGD), six
biopsy specimens were taken from the lesser curvature of the
antrum and the lesser and greater curvatures of the corpus
for evaluation of H. pylori status, mucosal atrophy, and
intestinal metaplasia. The collected biopsy specimens were
immediately fixed in neutral-buffered 10% formalin, embedded in paraffin blocks, and stained with hematoxylin-eosin

and Wright-Giemsa for histological evaluation. A single
pathologist (M.-C.K.) performed pathological evaluation.
One additional biopsy specimen was taken from the greater
curvature of the corpus for RUT (Proton Dry, Medical Instruments Corporation, Solothurn, Switzerland). Patients confirmed as H. pylori infection by both a positive RUT and
histological evaluation were enrolled in the study.
3. Randomization and surgery
Eligible patients were randomly assigned to the treatment
group or the placebo group by computer-generated random
number. All investigators and patients were blinded to the
randomization results throughout the trial. The treatment
group received proton pump inhibitor (PPI)–based standard
triple therapy, consisting of rabeprazole 10 mg, clarithromycin 500 mg, and amoxicillin 1,000 mg twice daily for
7 days. The placebo group received the same schedule of
rabeprazole 10 mg but received a placebo rather than clarithromycin and amoxicillin. These treatments were administered before distal gastrectomy. Then, all patients underwent
an open or laparoscopic distal gastrectomy with D1+ or D2
lymph node dissection [13]. The reconstruction methods
were Billroth I (gastroduodenostomy) or II (gastrojejunostomy).
4. Follow-up H. pylori status
Follow-up EGDs with biopsy, RUT, and urea breath test
(UBT) were performed at 3 months after distal gastrectomy
for assessment of H. pylori status. The biopsy specimens were
taken from the lesser and greater curvatures of the corpus,
but not the antrum. At the follow-up examination, H. pylori
was considered negative if all three tests were negative.
5. Statistical analysis
The calculation of study sample size was described in
detail previously [10]. In the current study, outcomes were
OS, gastric cancer-specific death, and gastric cancer recurrence. OS and gastric cancer-specific survival were determined from the time of distal gastrectomy to death; OS
included deaths from any cause, but gastric cancer-specific
death included only death from gastric cancer. Gastric cancer
recurrence included metachronous cancer in the remnant
stomach, lymph node metastasis, and distant organ metastasis occurring after gastrectomy for distal gastrectomy.
Continuous variables were compared using the MannWhitney U test and categorical variables were compared
using the chi-square test or Fisher exact test. Follow-up data
on deaths and recurrences were obtained until December
2014. The Kaplan-Meier method was used for construction
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of survival curves, and comparisons were performed using
the log-rank test. Comparisons of gastric cancer-specific
death and gastric cancer recurrence rates were performed
using Gray’s test because of the possible competing risk of
death without recurrence. A multivariate Cox proportional
hazards model analysis was performed for overall mortality,
and a multivariate Fine-Gray regression model analysis was
performed for cancer recurrence with competing risks. In
model 1, multivariate analyses were performed according to
the allocated groups, and in model 2, analyses were performed according to the H. pylori status at 3 months after gastrectomy. Covariates for multivariate analyses were age, sex,
and variables having a p-value less than 0.1 in univariate
analyses. Analyses were performed using STATA ver. 12.1
(Stata Corp., College Station, TX), except for the Gray’s test,
which was analyzed using SAS ver. 9.3 (SAS Inc., Cary, NC).
A p-value less than 0.05 was considered statistically significant.

Results

treatment or placebo were included in the analyses; 87 in the
treatment group and 82 in the placebo group. At 3 months
after distal gastrectomy, H. pylori infection status was evaluated using UBT, histology, and RUT in 167 patients; 67
patients in the treatment group (81.7%, 67/86 patients) and
15 patients in the placebo group (18.3%, 15/81 patients) were
negative for H. pylori infection (Fig. 1). These patients were
included in the analyses according to the H. pylori status at
3 months after distal gastrectomy.
Baseline characteristics of the 169 allocated patients and
167 patients who underwent follow-up H. pylori tests at
3 months after gastrectomy are summarized in Table 1.
Median age was 57 years (interquartile range [IQR], 48 to 64
years) and the proportion of male patients was 69.2% (117
patients). There were no differences in age, sex, smoking,
alcohol drinking, surgical methods, reconstruction methods,
pathologic stage, and histology between the treatment and
placebo groups. Comparisons according to H. pylori status at
3 months after gastrectomy showed no significant differences
in baseline characteristics except for the final cancer stage
after surgery; a higher proportion of patients with H. pyloripositive status had stage I cancer compared to those with
H. pylori-negative status (80.0% vs. 72.0%, respectively;
p=0.033).

Of the 190 randomized patients, 169 patients who received

Randomized patients (n=190)
Excluded (n=21)
Did not receive allocated treatment (n=5)
Did not undergo operation (n=7)
Conversion to total gastrectomy (n=9)
Patients received allocated
treatment (n=169)

Allocated to treatment group (n=87)

Allocated to placebo group (n=82)

Underwent UBT and EGD with histology
and RUT at 3 months (n=86)

Underwent UBT and EGD with histology
and RUT at 3 months (n=81)

H. pylori negative (n=67)
H. pylori positive (n=19)

H. pylori negative (n=15)
H. pylori positive (n=66)

Fig. 1. Study flowchart. EGD, esophagogastroduodenoscopy; H. pylori, Helicobacter pylori; RUT, rapid urease test; UBT, urea
breath test.
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Table 1. Baseline characteristics
Helicobacter pylori status at
3 months after surgery

Initial allocation group
Characteristic

Age, median (IQR, yr)
Sex
Female
Male
Allocation group
Placebo
Treatment
Alcohol drinking
No
Yes
Smoking
No
Yes
Surgical method
Laparoscopic
Open
Reconstruction method
Billroth I (gastroduodenostomy)
Billroth II (gastrojejunostomy)
Histologic type
Differentiated
Undifferentiated
Final cancer stage after surgery
Stage I
Stage II
Stage IIIa or more

Placebo
(n=82)

Treatment
(n=87)

p-value

Negative
(n=82)

Positive
(n=85)

p-value

56 (48-64)

58 (48-65)

0.715

57 (46-64)

58 (48-64)

0.743

21 (25.6)
61 (74.4)

31 (35.6)
56 (64.4)

0.158

25 (30.5)
57 (69.5)

27 (31.8)
58 (68.2)

0.859

-

-

-

15 (18.3)
67 (81.7)

66 (77.7)
19 (22.4)

< 0.001

35 (42.7)
47 (57.3)

40 (46.0)
47 (54.0)

0.667

38 (46.3)
44 (53.7)

36 (42.4)
49 (57.7)

0.604

51 (62.2)
31 (37.8)

46 (52.9)
41 (47.1)

0.221

47 (57.3)
35 (42.7)

49 (57.7)
36 (42.4)

0.996

21 (25.6)
61 (74.4)

17 (19.5)
70 (80.5)

0.345

15 (18.3)
67 (81.7)

22 (25.9)
63 (74.1)

0.238

63 (76.8)
19 (23.2)

59 (67.8)
28 (32.2)

0.191

59 (72.0)
23 (28.1)

61 (71.8)
24 (28.2)

0.979

48 (58.5)
34 (41.5)

51 (58.6)
36 (41.4)

0.991

45 (54.9)
37 (45.1)

54 (63.5)
31 (36.5)

0.255

66 (80.5)
10 (12.2)
6 (7.3)

63 (72.4)
19 (21.8)
5 (5.8)

0.257

59 (72.0)
20 (24.4)
3 (3.7)

68 (80.0)
9 (10.6)
8 (9.4)

0.033

Values are presented as number (%) unless otherwise indicated. IQR, interquartile range.

1. Comparisons of long-term survival rates after distal gastrectomy
During a median follow-up period of 9.4 years (IQR, 9.0 to
10.2 years; range, 0.7 to 11.3 years), 26 patients died: 14 in the
treatment group and 12 in the placebo group. The 5-year OS
rates were 98.9% in the treatment group and 91.5% in the
placebo group, and results of Kaplan-Meier analysis showed
no significant difference between groups (p=0.957 by logrank test) (Fig. 2A). Overall, 13 patients had gastric cancer
recurrence (6 [6.9%] in the treatment group and 7 [8.5%] in
the placebo group). Of these, metachronous cancers occurred
in 4 patients (3 patients in the treatment group and 1 patient
in the placebo group), and the metachronous cancer rates
were not different between the treatment group and the
placebo group (3.5% vs. 1.5%, p=0.341). One patient died of

gastric cancer metastasis at 5 months after total gastrectomy
for metachronous cancer, while, the remaining nine patients
had lymph node or other organ metastases (3 patients in the
treatment group and 6 patients in the placebo group). Of the
patients with gastric cancer recurrence, 10 patients died
because of gastric cancer recurrence (4 patients in the treatment group and 6 patients in the placebo group). The 5-year
incidence rates of gastric cancer recurrence were 4.6% in the
treatment group and 8.5% in the placebo group, and Gray’s
test showed no statistical significance (p=0.652) (Fig. 2B).
No difference in the cumulative incidences of gastric cancerspecific death were observed between the treatment and
placebo groups (5-year cumulative incidence rate, 1.1% vs.
6.1%, respectively; p=0.422 by Gray’s test) (Fig. 2C).
At 3 months after gastrectomy, 82 patients had negative H.
pylori status and 85 had positive H. pylori status. After
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B
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Gastric cancer recurrence (%)

Overall survival (%)

100
80
60

Placebo
Treatment

p=0.957 by log-rank test
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0

0

2

4

No. at risk
Placebo 82
Treatment 87

81
87

77
87

6
Time (yr)
74
84

8

10

72
78

23
29

80
60

Placebo
Treatment

40

p=0.652 by Gray’s test

20
0

0

2

4

No. at risk
Placebo 82
Treatment 87

78
86

75
83

6
Time (yr)
73
78

8

10

71
77

23
28

Gastric cancer specific death (%)

C
100
80
60

Placebo
Treatment

40

p=0.422 by Gray’s test

20
0

0

2

4

No. at risk
Placebo 82
Treatment 87

81
87

77
87

6
Time (yr)
74
84

8

10

72
78

23
29

Fig. 2. Comparisons of long-term outcomes according to Helicobacter pylori treatment allocation. Overall survival (A), gastric
cancer recurrence (B), and gastric cancer specific death curves (C).

gastrectomy, OS did not differ between patients with negative H. pylori status and those with positive H. pylori status
(5-year OS rates, 96.3% vs. 94.1%, respectively; p=0.997 by
log-rank test) (Fig. 3A). In addition, no statistical differences
in gastric cancer recurrence (5-year cumulative incidence
rates, 6.1% for negative status vs. 7.1% for positive status;
p=0.897 by Gray’s test) (Fig. 3B) and gastric cancer-specific
death (5-year cumulative incidence rates, 3.7% for negative
status vs. 3.5% for positive status; p=0.792 by Gray’s test)
(Fig. 3C) were observed between patients with and without
H. pylori at 3 months after distal gastrectomy.
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2. Univariate and multivariate analyses for overall mortality and cancer recurrence
In univariate analyses, overall mortality after distal gastrectomy was not affected by H. pylori treatment allocation
(crude hazard ratio [cHR] for H. pylori treatment, 1.02;
p=0.957) or positive H. pylori status at 3 months after distal
gastrectomy (cHR for H. pylori–positive, 1.00; p=0.997). Male
sex, Billroth II anastomosis after distal gastrectomy, and
stage ! IIIa were significant factors associated with overall
mortality. In model 1, multivariate analysis according to
H. pylori treatment allocation showed that age (adjusted HR
[aHR], 1.06; p=0.017), male sex (aHR, 8.38; p=0.005), and
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Fig. 3. Comparisons of long-term outcomes according to Helicobacter pylori status at 3 months after distal gastrectomy. Overall
survival (A), gastric cancer recurrence (B), and gastric cancer specific death curves (C).

advanced stage ! IIIa (aHR, 9.18; p < 0.001) were independent risk factors for overall mortality. H. pylori treatment was
not a significant factor for overall mortality (aHR for treatment group, 0.75; p=0.495). In model 2, positive H. pylori status at 3 months after gastrectomy did not show significant
association with overall mortality (aHR, 1.16; p=0.715),
whereas age, male sex, and advanced stage ! IIIa were independent risk factors for overall mortality (Table 2).
For cancer recurrence, neither H. pylori treatment (cHR,
0.78; p=0.649) nor positive H. pylori status after gastrectomy
(cHR, 1.13; p=0.821) were significant factors in univariate
analyses. Multivariate Fine-Gray regression analyses showed
that only the advanced stage ! IIIa was a significant risk fac-

tor in both model 1 and 2. In these analyses, H. pylori treatment (aHR, 0.60; p=0.431) and positive H. pylori status at
3 months after distal gastrectomy (aHR, 1.05; p=0.921) did
not affect cancer recurrence (Table 3).

Discussion
In the current long-term follow-up study of a double-blind
randomized trial, H. pylori treatment and H. pylori infection
status did not affect long-term outcomes after distal gastrec-
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Table 2. Clinical and pathological factors associated with overall mortality
Factor
Model 1. Helicobacter pylori allocation group
Allocation group
Placebo
Treatment
Age (yr)
Sex
Female
Male
Alcohol drinking
No
Yes
Smoking
No
Yes
Surgical method
Laparoscopic
Open
Reconstruction method
Billroth I (gastroduodenostomy)
Billroth II (gastrojejunostomy)
Histologic type
Differentiated
Undifferentiated
Final cancer stage after surgery
Stage I
Stage II
Stage IIIa or more
Model 2. H. pylori status at 3 months after surgeryb)
H. pylori status at 3 months after surgery
Negative
Positive

No.

Univariate analysisa)
cHR (95% CI)

p-value

Multivariate analysisa)
aHR (95% CI)

p-value

82
87
169

1.00 ( (
1.02 (0.47-2.21)
1.04 (0.99-1.08)

0.957
0.119

1.00 (
0.75 (0.32-1.73)
1.06 (1.01-1.11)

0.495
0.017

52
117

1.00 (
6.11 (1.44-25.87)

0.014

1.00 (
8.38 (1.87-37.42)

0.005

75
94

1.00 (
1.23 (0.56-2.69)

0.612

-

-

97
72

1.00 (
1.50 (0.69-3.24)

0.305

-

-

38
131

1.00 (
3.77 (0.89-15.97)

0.071

1.00 (
2.10 (0.47-9.43)

0.335

122
47

1.00 (
3.10 (1.42-6.74)

0.004

1.00 (
1.56 (0.62-3.92)

0.344

99
70

1.00 (
0.68 (0.30-1.53)

0.348

129
29
11

1.00 (
1.63 (0.58-4.60)
10.45 (4.31-25.38)

82
85

1.00 (
1.00 (0.46-2.16)

0.355
< 0.001

0.997

1.00 (
1.80 (0.59-5.46)
9.18 (3.25-25.97)

1.00 (
1.16 (0.52-2.57)

-

0.298
< 0.001

0.715

cHR, crude hazard ratio; CI, confidence interval; aHR, adjusted hazard ratio. a)Cox proportional hazards model was used
for uni- and multivariate analyses, b)Covariates for multivariate analysis in model 2 were age, sex, operation method, reconstruction method, and final cancer stage after surgery.

tomy, including OS, gastric cancer recurrence, and gastric
cancer-specific death. Several studies have reported an association of H. pylori infection status with long-term outcomes
after gastrectomy. One prospective [2] and two retrospective
studies [3,4] reported that negative H. pylori status is a poor
prognostic factor for long-term outcomes after gastrectomy.
Meimarakis et al. [2] reported that negative H. pylori status
after surgery is an independent risk factor associated with
poor OS and recurrence-free survival, and Marrelli et al. [3]
reported that negative H. pylori status is a poor prognostic
factor for OS. Kang et al. [4] reported an association of negative H. pylori status with poor OS in patients who received
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adjuvant chemotherapy for locally advanced gastric cancer
(stage IB to IV) after gastrectomy. In these studies, the negative H. pylori status group likely included heterogeneous
patients who were initially negative for H. pylori infection or
those whose H. pylori infection disappeared because of the
advances of atrophy or H. pylori treatment. It appears that
negative H. pylori status due to any cause may affect longterm survival after gastrectomy. However, our findings suggest that negative H. pylori status resulting from H. pylori
treatment does not affect long-term outcomes after distal gastrectomy.
In comparison with H. pylori–positive gastric cancer,

Young-Il Kim, H. pylori and Gastric Cancer Patient Survival

Table 3. Clinical and pathological factors associated with gastric cancer recurrence
Factor
Model 1. Helicobacter pylori allocation group
Allocation group
Placebo
Treatment
Age (yr)
Sex
Female
Male
Alcohol drinking
No
Yes
Smoking
No
Yes
Surgical method
Laparoscopic
Open
Reconstruction method
Billroth I (gastroduodenostomy)
Billroth II (gastrojejunostomy)
Histologic type
Differentiated
Undifferentiated
Final cancer stage after surgery
Stage I
Stage II
Stage IIIa or more
Model 2. H. pylori status at 3 months after surgeryb)
H. pylori status at 3 months after surgery
Negative
Positive

No.

Univariate analysisa)
cHR (95% CI)

p-value

Multivariate analysisa)
aHR (95% CI)

p-value

82
87
169

1.00 (
0.78 (0.26-2.29)
1.03 (0.96-1.10)

0.649
0.359

1.00 (
0.60 (0.17-2.12)
1.06 (0.99-1.13)

0.431
0.101

52
117

1.00 (
2.50 (0.55-11.35)

0.236

1.00 (
3.38 (0.56-20.54)

0.185

75
94

1.00 (
1.31 (0.44-3.96)

0.629

-

-

97
72

1.00 (
2.27 (0.75-6.85)

0.145

-

-

38
131

1.00 (
1.63 (0.36-7.33)

0.527

-

-

122
47

1.00 (
3.22 (1.10-9.47)

0.033

99
70

1.00 (
0.61 (0.19-2.00)

0.416

129
29
11

1.00 (
2.30 (0.56-9.44)
8.76 (2.58-29.70)

82
85

1.00 (
1.13 (0.38-3.35)

0.247
< 0.001

0.821

1.00 (
2.13 (0.48-9.40)

0.319

-

-

1.00 (
2.50 (0.44-14.03)
7.44 (1.55-35.58)

0.299
0.012

1.00 (
1.05 (0.37-2.97)

0.921

cHR, crude hazard ratio; CI, confidence interval; aHR, adjusted hazard ratio. a)Fine-Gray regression model was used for uniand multivariate analyses, b)Covariates for multivariate analysis in model 2 were age, sex, reconstruction method, and final
cancer stage after surgery.

H. pylori–negative gastric cancer had the following clinical
characteristics: prevalence in younger patients, tumor
location in the upper-third portion of the stomach, and more
frequent diffuse-type histology [5,7,14]. In addition,
H. pylori–negative patients had higher advanced cancer stage
[5] or distant metastasis [7], suggesting poor clinical outcomes. In the aforementioned studies that reported poorer
long-term survival rates after gastrectomy in H. pylori–negative gastric cancer patients, baseline clinical characteristics
were also different between H. pylori–negative and –positive
groups. H. pylori–negative patients had a significantly higher
proportion of tumors located proximally [2,3], and more of

these patients underwent total gastrectomy [2]. H. pylori–negative patients had more advanced tumor stage [3,4] and
larger tumor size [4] than H. pylori–positive patients. These
findings suggest that H. pylori–negative gastric cancer may
be intrinsically associated with poor clinicopathological features. In a recent study, gastric cancers were classified
according to molecular subtype [15]. H. pylori infection is also
related to some of the molecular changes associated with gastric carcinogenesis, including genetic instability and epigenetic changes in oncogenes or tumor suppressor genes [16].
Different molecular changes are likely in H. pylori–negative
gastric cancer compared with H. pylori–positive gastric canVOLUME 48 NUMBER 3 JULY 2016
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cer, which may be associated with poor long-term outcomes.
A possible mechanism for the prognostic role of H. pylori
infection after gastrectomy is that H. pylori–induced
tumor-specific immune responses may be down-regulated
in H. pylori–negative gastric cancer patients, possibly influencing long-term outcomes [2]. However, this mechanism
has not been proven in clinical studies, and other factors
could affect the outcomes for these patients. In the current
study, long-term outcomes were not affected by H. pylori status after gastrectomy; however, age, male sex, and advanced
stage were independent risk factors for overall mortality.
Advanced stage was also a significant risk factor for cancer
recurrence. In addition, Hobsley et al. [17] commented that
negative H. pylori status might simply be associated with
more advanced tumor progression rather than related to
poor prognosis, consistent with our findings.
In our previous study, most H. pylori–negative gastric cancers occurred in patients with past H. pylori infection, and
patients who were truly negative for H. pylori infection were
rare, occurring at a rate of 2.3% [7]. Compared with true
H. pylori–negative gastric cancer patients, gastric cancer
patients with past H. pylori infection were older and predominantly male, and had a higher proportion of intestinal-type
histology and a lower distant metastasis rate [7]. In the current study, H. pylori–negative patients were those with past
H. pylori infection that was eradicated upon treatment with
PPI-based standard triple therapy. Clinical characteristics of
patients in the H. pylori–negative group may be different
from those of true H. pylori–negative gastric cancer patients,
and in this instance, long-term outcomes after distal gastrectomy were not affected by H. pylori treatment.
Because of the possible roles of H. pylori infection in carcinogenesis in the remnant stomach mucosa after treatment
of gastric cancer [18], guidelines recommend H. pylori eradication to prevent development of new cancers in patients
who undergo distal gastrectomy [1]. In patients undergoing
gastrectomy, H. pylori infection may induce chronic and
active gastritis, and is associated with increased corpus
mucosal cell proliferation in the remnant stomach [18-20]. By
contrast, H. pylori–negative status is associated with a low
risk of mucosal atrophy and intestinal metaplasia in the remnant stomach after gastrectomy [10,11,18,21]. In addition, in
early gastric cancer patients undergoing endoscopic resection, a previous randomized controlled study reported that
H. pylori treatment reduces the incidence of metachronous
cancers [8], and a recent meta-analysis also reported significantly reduced incidences of metachronous gastric neoplasia
for H. pylori–eradicated patients [22]. However, in the current
study metachronous cancer rates were not different according to H. pylori treatment or according to H. pylori status. This
may be because all of the included patients underwent gastric resection of the distal portion of the stomach, which is
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the common site for synchronous [23] or metachronous cancer [24]. Studies with a proper design and adequate sample
size are needed to evaluate the question of whether H. pylori
eradication may be a preventive strategy for development of
metachronous gastric cancer after distal gastrectomy.
The main strength of this study was that it collected longterm follow-up data from gastric cancer patients who underwent distal gastrectomy in a prospective double-blind
randomized controlled trial. Thus, we performed intentionto-treat analysis to determine whether H. pylori treatment
affects long-term outcomes after distal gastrectomy in gastric
cancer patients.
However, the current study had several limitations. First,
the study sample size may not be large enough to evaluate
the association between H. pylori infection status and longterm outcomes, because the sample size originally calculated
was for the first study, which assessed the histological
improvement of the lessor curvature of the corpus after distal
gastrectomy [10]. Thus, an additional study including more
enrolled patients is needed to provide adequate power. Second, the findings of the current study may not be applicable
to areas where the prevalence of H. pylori infection and the
incidence of gastric cancer are low. Third, spontaneous clearance of H. pylori infection during follow-up after gastrectomy
was reported in the previous study [25]. Therefore, some
H. pylori-positive patients in the current study might have
spontaneous negative conversion of H. pylori infection after
distal gastrectomy, and long-term outcomes might be
affected by the spontaneous clearance of H. pylori infection.
Finally, clinicopathological characteristics according to the
virulence factors of H. pylori strains were not evaluated in the
current study.

Conclusion
In conclusion, H. pylori eradication for gastric cancer
patients who undergo distal gastrectomy appears to have no
effect on long-term survival and cancer recurrence rates after
surgery. Thus, H. pylori eradication in gastric cancer patients
after distal gastrectomy may be performed without concern
for compromising long-term survival.
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Purpose
A few studies have prospectively evaluated changes in quality of life (QoL) after surgery in
short-term survivors; however, no prospective study has evaluated the longitudinal changes
in QoL in long-terms survivors. We prospectively evaluated the chronological changes in
QoL after a gastrectomy over a 5-year postoperative period in a large group of patients.
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Results
There was no statistically significant change in global health status/QoL during the 5-year
postoperative period. Decreases in QoL from upper gastrointestinal symptoms including
diarrhea (p < 0.001), dysphagia (p < 0.001), reflux symptoms (p=0.029), and eating
restrictions (p < 0.001) were observed among the long-term survivors. Decreased physical
functioning (p < 0.001), role functioning (p < 0.001), and cognitive functioning (p < 0.001),
along with fatigue (p=0.045) and a poor body image (p=0.003), negatively impacted the
patients’ QoL for a long time.
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Materials and Methods
QoL data from the European Organization for Research and Treatment of Cancer QLQ-C30
and the QLQ-STO22 questionnaires were obtained from 254 patients who completed the
entire series of QoL assessments preoperatively and at 1, 2, 3, 4, and 5 years after surgery.

Conclusion
Management of gastrointestinal symptoms should be specifically targeted as a part of longterm patient care after a gastrectomy. Proper nutritional care will improve food intake
resulting in weight gain and improved physical functioning, role functioning, and body image.
In addition, patients should be encouraged to preserve self-esteem and maintain social
activity.

Introduction
Patients with gastric cancer may have poor health-related
quality of life (QoL) resulting from the disease itself before
surgery. Patients may still suffer from poor QoL due to the
consequences of surgery after a gastrectomy. The overall survival rate of patients with gastric cancer has increased due
to the development of diagnostic tools, mass screening programs, and advancements in multimodality management.
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However, significant morbidity, including early satiety, loss
of appetite, heartburn, dysphagia, nausea, and vomiting is
still associated with gastrectomy. These symptoms have a
profound impact on QoL of postoperative patients. As a
result, health providers and researchers have increasingly
focused on improving life satisfaction of survivors [1].
QoL is a multi-dimensional construct covering several key
dimensions including disease and treatment-related symptoms as well as physical, psychological, and social functioning. The European Organization for Research and Treatment
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of Cancer (EORTC) Quality of Life Questionnaire (QLQ)-C30
is a reliable and validated measure of the QoL of patients
with cancer in international trials in oncology [2]. The Korean
version of this questionnaire has also been validated [3]. The
questionnaire is a cancer-specific, self-administered, structured questionnaire including 30 questions composed of
both multi-item scales and single-item measures. These
scales/items include five functional scales (physical, role,
emotional, cognitive, and social), three symptom scales
(fatigue, nausea and vomiting, and pain), a global health status/QoL scale, and six single items (dyspnea, insomnia,
appetite loss, constipation, diarrhea, and financial difficulties). These 15 scales/items are grouped as follows: a global
health status/QoL scale, five functional scales, and nine
symptom scales/items.
The gastric cancer module (QLQ-STO22) is a supplement
to the QLQ-C30 [4]. The QLQ-STO22 consists of 22 questions
evaluating five multi-item symptoms scales (dysphagia,
pain, reflux symptoms, eating restrictions, and anxiety), and
four single items (dry mouth, taste, body image, and hair
loss).
QoL has become an increasingly important factor for longterm survivors after surgery for gastric cancer. Several studies have examined QoL after a gastrectomy in patients with
gastric cancer using EORTC QLQ-C30 and QLQ-STO22.
A few studies have prospectively evaluated changes in QoL
after surgery in short-term survivors [5-9]. However, most
studies have important limitations, including, above all,
small sample size [10-12] and retrospective study design
[13,14].
Researchers attempted to determine the relationship
between postoperative QoL and the extent of gastric resection [9,13], type of reconstruction after gastrectomy [15], and
method of abdominal approach [8,16], reaching varied conclusions [5]. As QoL changes over time, good knowledge
regarding long-term chronological changes in QoL of
relapse-free patients after a gastrectomy is essential to providing more appropriate care for patients. However, no
study has prospectively evaluated the longitudinal changes
in QoL of long-term survivors.
In this study, we prospectively evaluated the chronological
changes in QoL after a gastrectomy over a 5-year postoperative period in a large group of patients.

Materials and Methods
1. Patients

tomy for primary gastric cancer between January 2008 and
June 2010 at the Kyungpook National University Hospital
were enrolled in this prospective cohort study. Among them,
439 patients completed the entire series of QoL assessments
during the 5-year postoperative period; 161 patients with
co-morbidities that could affect the QoL including cardiovascular disease, diabetes mellitus, chronic respiratory disease,
chronic hepatic disease, and cerebrovascular disease and 24
patients who underwent another operation were excluded.
The QoL data obtained from the remaining 254 patients were
analyzed. The study was approved by the Institutional
Review Board of Kyungpook National University Hospital
(No. 201510035001).
The demographic characteristics of the patients are shown
in Table 1. There were 95 female and 159 male patients. The
mean age was 54.9±10.7 years. Most patients had stage I
disease. Subtotal gastrectomy was performed on 202 patients
and 52 patients underwent a total gastrectomy. Patients
showed no evidence of recurrence at the final follow-up visit.

Table 1. Characteristics of patients
Characteristic

No. of patients (%)

Age, mean±SD (yr)
Sex
Female
Male
Stagea)
IA
IB
IIA
IIB
IIIA
IIIB
IIIC
IV
Pathological type
Differentiated
Undifferentiated
Type of gastrectomy
Open distal gastrectomy
Open total gastrectomy
Laparoscopy-assisted distal gastrectomy
Laparoscopy-assisted total gastrectomy
Robot-assisted total gastrectomy
Adjuvant chemotherapy
Yes
No

54.9±10.7
95 (37.4)
159 (62.6)
171 (67.3)
30 (11.8)
23 (9.1)
15 (5.9)
8 (3.1)
5 (2.0)
1 (0.4)
1 (0.4)
97 (38.2)
157 (61.8)
161 (63.4)
48 (18.9)
41 (16.1)
3 (1.2)
1 (0.4)
30 (11.8)
224 (88.2)

a)

A total of 1,105 patients who underwent a curative gastrec-
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Table 2. Mean scores of EORTC QLQ-C30 and QLQ-STO22 scales/items
Variable

Baseline

5 Years after a gastrectomy

p-value

Global health status/QoL
QLQ-C30 function scales
Physical functioning
Role functioning
Emotional functioning
Cognitive functioning
Social functioning
QLQ-C30 symptom scales/items
Fatigue
Nausea and vomiting
Pain
Dyspnea
Insomnia
Appetite loss
Constipation
Diarrhea
Financial difficulties
QLQ-STO22 symptom scales/items
Dysphagia
Pain
Reflux symptoms
Eating restrictions
Anxiety
Dry mouth
Taste
Body image
Hair loss

67.7±21.4

73.5±23.5

0.101

91.4±9.7
93.2±14.3
80.0±19.3
90.8±13.5
88.2±18.0

85.6±14.3
86.7±19.8
85.5±18.2
84.2±15.8
87.4±18.8

< 0.001
< 0.001
0.012
< 0.001
> 0.999

19.3±18.9
6.7±13.8
8.9±15.7
8.3±16.4
13.3±22.5
8.8±18.9
11.2±18.8
11.4±19.7
16.6±25.7

24.4±19.8
9.9±15.2
8.1±13.8
12.5±19.6
14.2±24.3
10.4±20.4
13.1±20.2
21.0±23.4
14.3±22.8

0.045
0.177
> 0.999
0.128
> 0.999
> 0.999
0.988
< 0.001
0.993

4.6±8.9
13.6±15.3
9.7±14.5
5.3±10.2
23.9±20.6
15.5±22.8
3.3±11.6
13.6±23.4
34.7±35.3

9.3±11.1
13.8±15.1
13.9±16.2
12.4±14.8
25.7±20.0
20.1±25.4
6.2±15.2
21.8±26.1
38.2±28.3

< 0.001
> 0.999
0.029
< 0.001
> 0.999
0.661
0.232
0.003
> 0.999

Values are presented as mean±standard deviation. EORTC, European Organization for Research and Treatment of Cancer;
QLQ, Quality of Life Questionnaire; QoL, quality of life.

2. QoL assessment
QoL was assessed using the Korean Versions of the
EORTC QLQ-C30 and QLQ-STO22. All patients were asked
to complete the questionnaires by themselves on the day of
admission and at regular follow-up visits (1, 2, 3, 4, and
5 years after surgery). The raw scores were transformed to
scores ranging from 0 to 100 according to the scoring manual
provided by the EORTC [17]. A high score for a functional
scale represents a high/healthy level of functioning and a
high score for the global health status/QoL represents a high
QoL, but a high score for a symptom scale/item represents
a high level of symptomatology/problems. For the EORTC
QLQ-STO22, a high score represents a low QoL.
3. Statistical analyses
The mean scores of each scale were compared in a longi-

1032

CANCER RESEARCH AND TREATMENT

tudinal fashion across five postoperative years. One way
analysis of variance followed by a Bonferroni post-hoc test or
Dunnett T3 post-hoc test was performed for comparison of
differences in the mean scores among the time intervals.
p-values of less than 0.05 were considered statistically significant.

Results
Preoperative and 5-year postoperative mean scores of
EORTC QLQ-C30 and QLQ-STO22 scales/items are shown
in Table 2.
Global health status/QoL tended to increase after the first
postoperative year and the mean score at the 5th postoperative year was significantly higher than 1 year after the gas-
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Fig. 1. Mean scores and 95% confidence intervals of global
health status/QoL scale of EORTC QLQ-C30 at each time
point. QoL, quality of life; EORTC, European Organization for Research and Treatment of Cancer; QLQ, Quality
of Life Questionnaire.
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Fig. 3. Mean scores of symptom scales of EORTC QLQC30 at each time point. EORTC, European Organization
for Research and Treatment of Cancer; QLQ, Quality of
Life Questionnaire; FA, fatigue; NV, nausea and vomiting;
PA, pain.
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Fig. 2. Mean scores of functional scales of EORTC QLQC30 at each time point. EORTC, European Organization
for Research and Treatment of Cancer; QLQ, Quality of
Life Questionnaire; PF2, physical functioning; RF2, role
functioning; EF, emotional functioning; CF, cognitive
functioning; SF, social functioning.

trectomy (p=0.012) (Fig. 1). Physical functioning score, role
functioning score, and cognitive functioning score decreased
significantly in the first postoperative year (p < 0.001,
p < 0.001, and p=0.001, respectively), but showed no significant changes thereafter. Emotional functioning was worst at
baseline and improved steadily after surgery. Social functioning scores showed no statistically significant changes
compared to preoperative score during the 5-year postoperative period (Fig. 2).
Fatigue score increased significantly 1 year after surgery
(p < 0.001) and then decreased gradually. However, scores
remained high during the 5 years postoperatively (p=0.045).
Nausea and vomiting score and pain score increased 1 year
after surgery without significance and tended to decrease
afterward (Fig. 3).
There were no statistically significant changes in dyspnea,
insomnia, appetite loss, and constipation scores compared
with preoperative scores during the 5-year postoperative
period. Financial difficulties showed a similar pattern. Diarrhea score increased significantly 1 year after surgery
(p < 0.001). Although there was a tendency to decrease afterward, diarrhea score was significantly higher 5 years after
surgery compared with the preoperative level (Fig. 4).
The changes in the mean scores of QLQ-STO22 scales/
items are shown in Figs. 5 and 6. Dysphagia and eating
restrictions showed significant worsening 1 year after surgery (p < 0.001 and p < 0.001, respectively). Despite gradual
improvements in these symptoms, the scores showed signifVOLUME 48 NUMBER 3 JULY 2016
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Fig. 4. Mean scores of single items of EORTC QLQ-C30 at
each time point. EORTC, European Organization for
Research and Treatment of Cancer; QLQ, Quality of Life
Questionnaire; DY, dyspnea; SL, insomnia; AP, appetite
loss; CO, constipation; DI, diarrhea; FI, financial difficulties.
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Fig. 5. Mean scores of scales of EORTC QLQ-STO22 at
each time point. EORTC, European Organization for
Research and Treatment of Cancer; QLQ, Quality of Life
Questionnaire; XDG, dysphagia; XPain, pain; XRflex,
reflux symptoms; XEatR, eating restrictions; Anx, anxiety.

icantly higher levels compared with preoperative levels 5
years after the gastrectomy (p < 0.001 and p < 0.001, respectively). Reflux symptoms persisted during the 5-year postoperative period without significant changes. Anxiety had
increased significantly 1 year after surgery (p < 0.001), then
decreased gradually. The difference showed no statistical significance 3 years after a gastrectomy. Although taste score
showed significant worsening 1 year after surgery (p=0.008),
there were no significant differences after 2 years postoperatively. Worsened body image had not recovered at 5 years
after the gastrectomy. No significant changes were observed
for pain, dry mouth, and hair loss.

5

Fig. 6. Mean scores of single items of EORTC QLQ-STO22
at each time point. EORTC, European Organization for
Research and Treatment of Cancer; QLQ, Quality of Life
Questionnaire; DM, dry mouth; T, taste; BI, body image;
HL, hair loss.
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Discussion
Similar to another study [5], our results showed that the
global health status/QoL decreased slightly during the first
postoperative year and tended to increase afterward. Social
functioning, nausea and vomiting, and pain showed a similar
pattern. There were no statistically significant changes in the
dyspnea, insomnia, appetite loss, constipation, financial difficulties, dry mouth, and hair loss scores compared with preoperative scores during the 5-year postoperative period. Hair
loss is often used for assessment of QoL related to chem-
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otherapy or radiotherapy for various types of cancer. Former
cancer patients appear to pay less attention to their hair as
long as they remain free of disease following cancer surgery.
Similar to other studies [7,11,12], emotional functioning was
the worst at baseline and showed constant improvement
after surgery. Emotional functioning appears to be related to
the depression caused by the initial diagnosis of cancer, and
patients were gradually relieved from depression regarding
their disease over time. Anxiety score also reached preoperative level 5 years after the gastrectomy.
A gastrectomy has a temporary negative impact on most
aspects of QoL, and recovery typically occurs within the six
or 12 postoperative months [5,10]. However, some aspects of
impaired QoL persist for a long period. The QoL of long-term
survivors after a gastrectomy is influenced by the surgery
itself as well as past memories of malignancy even when
patients are considered to be disease-free [18].
Kong et al. [7] reported that physical functioning and role
functioning showed the lowest scores after surgery and did
not fully recover to preoperative levels until 1 year after surgery. In addition, scores for fatigue, nausea and vomiting,
diarrhea, dysphagia, eating restriction, anxiety, taste, and
body image remained significantly higher 1 year after surgery. Therefore, the authors recommended further followup to confirm whether these scales/items will recover or not.
Among them, our study showed that scores for nausea and
vomiting, anxiety, and taste gradually returned to the preoperative levels and showed no significant differences
5 years after a gastrectomy. However, changed physical functioning, role functioning, fatigue, diarrhea, dysphagia, eating
restrictions, and body image did not recover even 5 years
after a gastrectomy.
Cancer and its treatments are associated with increased
fatigue that may persist for years after cancer eradication
[19]. Our results showed that fatigue score was the highest
1 year after the gastrectomy and remained at a significantly
increased level until 5 years after surgery.
Although there was no statistically significant change in
global health status/QoL, our study found low QoL related
to upper gastrointestinal symptoms including diarrhea,
dysphagia, reflux symptoms, and eating restrictions in longterm survivors. Decreased physical functioning, role functioning, and cognitive functioning, fatigue, and a poor body
image also impact QoL for a long time.
While surviving 5 years after surgery is often regarded as
a turning point in the fight against cancer, in terms of QoL,
survivors after a gastrectomy still have persistent needs for
management of QoL [18,20]. Management of symptoms
should be specifically targeted as part of patient care after a
gastrectomy. Development of appropriate interventions and
individual management for each symptom by surgeons is
required for patients with these symptoms.

The ultimate goal of the QoL assessment of cancer patients
is to restore them to a healthy period as rapidly as possible
[18]. Although physical functioning, role functioning, cognitive functioning, and body image may deteriorate with age,
proper nutritional care including monitoring and correcting
patients’ daily dietary habits will improve food intake resulting in weight gain and improved physical functioning, role
functioning, and body image [6]. Patients with impaired cognitive functioning should undergo a complete medical
checkup and consult with a neurologist or a psychiatrist.
In addition, patients should be encouraged to preserve selfesteem and maintain social activity [18]. These suggestions
can be applied to relapse-free survivors after gastrectomy.
It is recommended that changes in postoperative QoL be
used to inform patients about what to expect after surgery
and to guide timely supportive postoperative interventions.
Surgeons should reassure patients that QoL will mostly
return to baseline about 1 year after surgery and that QoL
related to upper gastrointestinal symptoms will still be lower
but these symptoms will be managed individually and on a
timely basis.
This study has several strengths. We enrolled consecutive
patients undergoing gastrectomy by the same small group
of surgeons at one institution and prospectively collected
data on QoL. The inclusion of the preoperative QoL data of
all patients and the postoperative assessments at fixed times
enables the comparison of QoL between baseline and postoperative changes in QoL. However, premorbid QoL may be
the most valid baseline measure of QoL. Preoperative QoL
refers to QoL that has not yet been altered by surgery and
still represents postmorbid QoL. Preoperative-based interpretations of postoperative change in QoL may not only
exaggerate the persistence of decreased QoL but also conceal
ongoing QoL deterioration after surgery [1]. Despite this limitation, we considered preoperative QoL as the baseline
because acquiring data regarding premorbid QoL from
patients was not feasible in clinical practice.

Conclusion
Management of gastrointestinal symptoms should be
specifically targeted as a part of long-term patient care after
a gastrectomy. Proper nutritional care will improve food
intake resulting in weight gain and improved physical functioning, role functioning, and body image. In addition,
patients should be encouraged to preserve self-esteem and
maintain social activity.
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Relationship between Salt Preference and Gastric Cancer Screening:
An Analysis of a Nationwide Survey in Korea

Purpose
Epidemiological studies have demonstrated an association between excessive salt intake
and gastric cancer risk, and this potential risk increases the need for adequate gastric cancer screening in individuals with high salt intake. However, the association between salt
intake and gastric cancer screening in the general population has rarely been investigated.
We explored the association between salt preference and participation in gastric cancer
screening among a nationally representative Korean population.
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Materials and Methods
The study population was derived from the Korean National Cancer Screening Survey
(KNCSS) 2006-2007, an annual nationwide interview survey investigating cancer screening
rates. Of 4,055 individuals who participated in the KNCSS 2006-2007, 3,336 individuals
aged over 40 years were included in our analysis. The odds ratio (OR) and 95% confidence
interval (CI) were estimated using polytomous logistic regression.
Results
Individuals with higher salt preference were less likely to participate in regular gastric cancer
screening. After adjusting for age, sex, monthly household income, education, family history
of cancer, and self-rated health status, ORs for undergoing regular gastric cancer screening
were 1.00, 0.82 (95% CI, 0.61 to 1.12), 0.74 (95% CI, 0.54 to 1.00), 0.77 (95% CI, 0.56 to
1.05), and 0.38 (95% CI, 0.16 to 0.92) according to the level of salt preference (p for
trend=0.048).
Conclusion
Individuals with higher salt preference showed suboptimal gastric cancer screening adherence compared to those with a lower salt preference. These findings highlight the need for
better delivery of educational messages to change risk perceptions regarding gastric cancer
screening practice.

Introduction
Gastric cancer is the third leading cause of cancer-related
mortality worldwide, with 952,000 new cases and 723,000
deaths per year [1]. In Korea, despite decreasing incidence
and mortality of gastric cancer, it remains the most common
cancer in men, with an age-standardized incidence rate of
│ http://www.e-crt.org │
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59.3 cases per 100,000 person-years. It is also the third most
frequent cause of cancer death in both sexes, with an estimated 9,342 deaths in 2012 [2]. Therefore, gastric cancer prevention remains a major cancer control strategy.
Screening and early detection play a pivotal role in reducing mortality from gastric cancer [3]. Prospective studies
have demonstrated that screening practices significantly
reduce mortality from gastric cancer and the incidence of
Copyright ⓒ 2016 by the Korean Cancer Association
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advanced gastric cancer [4]. Japan and Korea, where gastric
cancer is highly prevalent, have national guidelines or recommendations for gastric cancer screening and have been
providing mass screening to average-risk populations [3,5].
In Korea, the National Cancer Screening Program (NCSP)
recommends biennial upper gastrointestinal series (UGIS) or
upper endoscopy for men and women aged > 40 years [5].
Understanding the risk factors associated with gastric carcinogenesis is important for identification of high-risk groups
that may need screening [3]. Excessive salt intake is known
to be associated with gastric cancer risk [3]. Evidence from
prospective studies suggests that high salt intake or salt preference increases the risk of gastric cancer [6,7]. Excessive salt
is considered to have a dual effect at the initial stages of the
chain of causation, inducing both gastritis and atrophy. It
may also affect the later steps of carcinogenesis, progressing
through the stages of intestinal metaplasia and dysplasia and
eventually resulting in carcinoma [8]. This potential risk
increases the need for adequate gastric cancer screening in
individuals with high salt preference. Nevertheless, to the
best of our knowledge, no studies on the gastric cancer
screening status of this population as a high-risk group have
been conducted. Thus, we investigated the association
between participation in gastric cancer screening and salt
preference, adding to known relevant factors including
sociodemographic and cognitive factors among a nationally
representative Korean population.

Materials and Methods
Data were obtained from the Korean National Cancer
Screening Survey (KNCSS) 2006-2007. KNCSS is a nationwide representative interview survey conducted annually by
the Korean National Cancer Center since 2004 to examine the
participation rates of Koreans in cancer screening for five
common cancers: gastric, liver, colorectal, breast, and cervical. Men and women are selected based on the Resident Registration Population data using a stratified, multistage,
random sampling procedure according to geographic area,
age, and sex. The Resident Registration Population data are
published annually by the Korea National Statistical Office
after collection of data from residents of the registration population every December 31. Five to eight households in an
urban area and 10 to 12 households in a rural area were randomly chosen. Investigators from a professional research
agency conducted face-to-face interviews in the participants’
homes. Participants were recruited through door-to-door
contact. At least three attempts were made to contact a resident at each dwelling. Eligible participants were asked about
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their experiences of screening for five common cancers and
provided information on health behaviors, health status,
family history of cancer, and sociodemographic factors.
Details of the survey have been described elsewhere [5]. This
study was approved by the Institutional Review Board of the
National Cancer Center, Korea.
Interviews were completed by 2,033 participants in 2006
and 2,022 participants in 2007 aged 30 years or older (response rate, 43.4% and 33.3%, respectively). Our analyses were
limited to cancer-free participants over the age of 40 years.
A total of 3,336 participants were selected as final study subjects. All subjects provided written informed consent for participation in the study.
Participants were asked the following questions: “Have
you ever been screened for gastric cancer?”, “When was the
last time you had a gastric cancer examination?”, and
“Which tests did you undergo (UGIS, upper endoscopy, or
both)?” “Lifetime gastric cancer screening” was defined as
having undergone gastric cancer screening at least once in
one’s lifetime, irrespective of the screening interval or
method. “Compliance with the recommendations” was defined as having undergone gastric cancer screening within the
previous 2 years according to NCSP recommendations, and
“noncompliance with the recommendation” was defined as
having undergone gastric cancer screening more than 2 years
ago.
Participants were also asked about their salt preference;
we posed the question: “Do you like salty food?” Participants
chose from one of five graded responses: hate, not like, moderate, like, or love. Based on this response, salt preference
was classified according to five categories: very low, low,
moderate, high, and very high. Age (40-49, 50-59, or ! 60
years), sex, monthly household income (< 1,500, 1,500-2,499,
2,500-3,499, or ! 3,500 USD), education (" 11, 12-15, or ! 16
years), family history of cancer (no or yes), and self-rated
health status (good, fair, or bad) were considered as potential
confounders.
Basic characteristics of the study population by lifetime
gastric cancer screening are presented as percentages. Univariate and multivariate logistic regression were performed
to examine the association between salt preference and lifetime gastric cancer screening. Multivariable polytomous
logistic regression models were used for calculation of
adjusted odds ratios (aORs) and 95% confidence intervals
(CIs) for compliance and noncompliance with gastric cancer
screening recommendations compared with never-screening
according to salt preference level. The association between
salt preference and gastric cancer screening practice according to the screening modality (UGIS vs. upper endoscopy or
upper endoscopy+UGIS) compared with never-screening in
the study population was also assessed using multivariable
polytomous logistic regression. Statistical analyses were per-
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formed using SAS ver. 9.2 (SAS Institute Inc., Cary, NC).
Sample weights were incorporated into all SAS survey procedures to ensure the correct estimation of sampling error.
All reported p-values are two-sided, and those that were
< 0.05 were considered statistically significant.

CI, 0.09 to 1.21) for very high salt preference compared with
very low salt preference (p for trend=0.121). With respect to
gastric cancer screening with upper endoscopy, we also
observed lower odds of having a higher salt preference than
having a very low salt preference (aORs across the levels
were 1.00, 0.87, 0.77, 0.81, and 0.49, respectively), although
the trend was not statistically significant (p for trend=0.125).

Results
Of the 3,336 survey respondents, 1,723 were female and
1,613 were male. A total of 1,521 subjects reported they had
never undergone gastric cancer screening, and 1,815 subjects
reported they had undergone screening for gastric cancer at
least once. Baseline characteristics, odds ratios (ORs), and
95% CIs for lifetime gastric cancer screening among the study
population are shown in Table 1. Compared with the neverscreened group, subjects in the lifetime gastric cancer screening group were more likely to be female, older, live in a rural
area, less educated, and have a worse self-rated health status.
According to bivariate analysis, subjects with a higher salt
preference were less likely to participate in gastric cancer
screening, although this difference did not reach statistical
significance (crude OR, 0.52 for “very high”; 95% CI, 0.25 to
1.07) (Table 1). After adjusting for covariates, the odds of
undergoing gastric cancer screenings in their lifetime remained significantly reduced for subjects with a high salt preference. The aORs across the levels of salt preference were
1.00, 0.79 (95% CI, 0.59 to 1.06), 0.71 (95% CI, 0.53 to 0.95),
0.75 (95% CI, 0.56 to 1.01), and 0.44 (95% CI, 0.20 to 0.97) (p
for trend=0.052) (Table 1).
Results of polytomous logistic regression analyses for
associations of salt preference with compliance and noncompliance with NCSP recommendations compared with neverscreening are shown in Table 2. Subjects with a higher salt
preference were less likely to participate in regular gastric
cancer screening according to the recommendations. The
aORs were 1.00, 0.82 (95% CI, 0.61 to 1.12), 0.74 (95% CI, 0.54
to 1.00), 0.77 (95% CI, 0.56 to 1.05), and 0.38 (95% CI, 0.16 to
0.92) according to the level of salt preference (p for trend=
0.048). For noncompliance with recommended gastric cancer
screening, lower odds were observed for a moderate salt
preference than for a very low salt preference (aOR, 0.60; 95%
CI, 0.37 to 0.98), but the trend did not reach statistical significance.
Associations between salt preference and gastric cancer
screening according to screening modalities compared with
never-screening are shown in Table 3. The adjusted odds of
undergoing gastric cancer screening with UGIS were 0.56
(95% CI, 0.36 to 0.86) for low, 0.53 (95% CI, 0.34 to 0.82) for
moderate, 0.58 (95% CI, 0.37 to 0.90) for high, and 0.32 (95%

Discussion
In this population-based study conducted in Korea, a high
salt preference was associated with a maximum 60%
decreased likelihood of regular participation in gastric cancer
screening according to NCSP recommendations. To the best
of our knowledge, this is the first study to evaluate an association between salt preference and gastric cancer screening
using a nationally representative sample.
According to the report of a joint World Health Organization (WHO)/Food and Agriculture Organization of the
United Nations (FAO) Expert Consultation, salt-preserved
foods and salt probably increase the risk of stomach cancer
[9]. Epidemiological and experimental evidence consistently
supports the association between salt intake and gastric cancer risk. Several population-based prospective studies have
reported significant association of high salt intake with
increased risk of gastric cancer [6,7]. Experimental studies
have shown that a high intragastric salt concentration alters
the viscosity of the protective mucosal barrier [10], leading
to mucosal damage and inflammation [11]. Persistent inflammatory changes can promote temporary cell proliferation
and increase the rate of endogenous mutations [11]. An
excessively salty diet induced atrophy in experimental animals and was associated with atrophic changes in the human
gastric mucosa [8], thereby possibly increasing the risk of
gastric cancer.
In addition, there is evidence of synergistic interactions
between salt intake and Helicobacter pylori infection with
respect to the development of gastric cancer. In an experimental study of gerbils, a high-salt diet enhanced the effects
of H. pylori infection on gastric carcinogenesis, and these two
factors acted synergistically to promote the development of
gastric cancer [12]. A prospective study showed that the
effect of high salt intake on gastric carcinogenesis was strong
in subjects who had both H. pylori infection and atrophic gastritis [7]. Excessive salt intake has been suggested as facilitating H. pylori colonization [7].
Considering all the evidence suggesting that excessive salt
intake increases the risk of gastric cancer, individuals with
high salt intake can benefit from regular cancer screening.
VOLUME 48 NUMBER 3 JULY 2016
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Table 1. Study population characteristics, odds ratios, and 95% CI for lifetime gastric cancer screening among pooled 20062007 Korea National Cancer Screening Survey (n=3,336)
Lifetime gastric cancer screening (weighted %)
Variable

No
Yes
(unweighted n=1,521) (unweighted n=1,815)

Sex
Male
Female
Age group (yr)
40-49
50-59
! 60
Residential area
Metropolitan
Urban
Rural
Monthly household income
" 1,499 USD
1,500-2,499 USD
2,500-3,499 USD
! 3,500 USD
Education (yr)
" 11
12-15
! 16
Family history of cancer
No
Yes
Self-rated health status
Good
Fair
Poor
Salt preference
Level 1 (very low)
Level 2 (low)
Level 3 (moderate)
Level 4 (high)
Level 5 (very high)

cOR (95% CI)

p for trend

aORa) (95% CI)

p for trend

52.4
47.6

44.9
55.1

1.00 (reference)
1.36 (1.18-1.55)

-

1.00 (reference)
1.29 (1.12-1.49)

-

49.8
23.9
26.3

35.7
28.5
35.8

1.00 (reference)
1.66 (1.40-1.97)
1.90 (1.62-2.24)

< 0.001

1.00 (reference)
1.71 (1.42-2.05)
2.02 (1.64-2.49)

< 0.001

49.1
39.7
11.2

45.1
40.6
14.3

1.00 (reference)
1.12 (0.96-1.29)
1.39 (1.12-1.73)

0.003

1.00 (reference)
1.16 (1.00-1.36)
1.44 (1.14-1.81)

0.001

26.7
30.2
24.9
18.3

28.5
28.1
24.3
19.2

1.00 (reference)
0.87 (0.73-1.05)
0.92 (0.76-1.11)
0.98 (0.80-1.21)

0.878

1.00 (reference)
1.25 (1.02-1.53)
1.52 (1.21-1.90)
1.54 (1.20-1.96)

< 0.001

36.2
46.5
17.3

45.1
38.6
16.3

1.00 (reference)
0.67 (0.57-0.78)
0.76 (0.62-0.92)

< 0.001

1.00 (reference)
0.90 (0.74-1.09)
1.07 (0.84-1.37)

0.693

91.7
8.3

87.7
10.3

1.00 (reference)
1.27 (1.01-1.61)

-

1.00 (reference)
1.28 (1.00-1.63)

-

66.5
25.3
8.2

55.2
31.2
13.6

1.00 (reference)
1.48 (1.27-1.73)
2.00 (1.59-2.53)

< 0.001

1.00 (reference)
1.49 (1.26-1.74)
1.81 (1.42-2.31)

< 0.001

6.5
35.9
29.2
27.2
1.3

8.3
36.1
26.4
28.3
0.8

1.00 (reference)
0.78 (0.59-1.03)
0.71 (0.53-0.94)
0.81 (0.61-1.08)
0.52 (0.25-1.07)

0.283

1.00 (reference)
0.79 (0.59-1.06)
0.71 (0.53-0.95)
0.75 (0.56-1.01)
0.44 (0.20-0.97)

0.052

CI, confidence interval; cOR, crude odds ratio; aOR, adjusted odds ratio. a)Adjustments were made for age, sex, residential
area, monthly household income, education, family history of cancer, and self-rated health status.

However, our results showed that individuals with a higher
salt preference, who may have a higher risk of developing
gastric cancer, were less likely to participate in gastric cancer
screening regardless of screening regularity or modality. In
addition, the odds of undergoing screening by upper
endoscopy in the higher salt preference group were suboptimal compared with the low salt preference group. This was
despite the fact that upper endoscopy can be a very helpful
screening modality for this group because it can identify
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minute mucosal lesions and nonulcerative lesions as well as
superficial flat lesions that can be missed during conventional barium examination [3].
The act of participating in cancer screening is the culmination of a complex chain of events involving many factors,
including some related to the person being screened, that
person’s family and social surroundings, the health care system, and society at large [13]. However, even if equitable
access can be ensured, individual-specific factors remain
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Table 2. aORs and 95% CI for compliance and noncompliance with gastric cancer screening recommendations compared
with never-screening by polytomous logistic regression
Variable

Noncompliance with the recommendation
(> 2 years) (unweighted n=332)
aORa) (95% CI)

Sex
Male
Female
Age group (yr)
40-49
50-59
! 60
Residential area
Metropolitan
Urban
Rural
Monthly household income
" 1,499 USD
1,500-2,499 USD
2,500-3,499 USD
! 3,500 USD
Education (yr)
" 11
12-15
! 16
Family history of cancer
No
Yes
Self-rated health status
Good
Fair
Poor
Salt preference
Level 1 (very low)
Level 2 (low)
Level 3 (moderate)
Level 4 (high)
Level 5 (very high)

p for trend

Compliance with the recommendation
(within 2 years) (unweighted n=1,483)
aORa) (95% CI)

p for trend

1.00 (reference)
1.31 (1.02-1.69)

-

1.00 (reference)
1.29 (1.11-1.50)

-

1.00 (reference)
1.85 (1.36-2.53)
1.87 (1.33-2.63)

< 0.001

1.00 (reference)
1.68 (1.38-2.03)
2.06 (1.65-2.56)

< 0.001

1.00 (reference)
1.31 (1.01-1.70)
1.54 (1.05-2.24)

0.071

1.00 (reference)
1.13 (0.97-1.33)
1.42 (1.11-1.80)

< 0.001

1.00 (reference)
1.28 (0.91-1.79)
1.43 (0.98-2.09)
1.45 (0.97-2.17)

0.199

1.00 (reference)
1.25 (1.01-1.54)
1.54 (1.22-1.95)
1.56 (1.20-2.01)

0.001

1.00 (reference)
0.92 (0.67-1.25)
0.93 (0.62-1.40)

0.460

1.00 (reference)
0.89 (0.73-1.09)
1.10 (0.85-1.43)

0.601

1.00 (reference)
1.15 (0.75-1.76)

-

1.00 (reference)
1.31 (1.02-1.69)

-

1.00 (reference)
1.49 (1.13-1.96)
2.50 (1.74-3.59)

< 0.001

1.00 (reference)
1.49 (1.26-1.76)
1.66 (1.29-2.15)

< 0.001

1.00 (reference)
0.66 (0.42-1.05)
0.60 (0.37-0.98)
0.68 (0.42-1.10)
0.68 (0.23-1.99)

0.681

1.00 (reference)
0.82 (0.61-1.12)
0.74 (0.54-1.00)
0.77 (0.56-1.05)
0.38 (0.16-0.92)

0.048

aOR, adjusted odds ratio; CI, confidence intervals. a)Adjustments were made for age, sex, residential area, monthly household
income, education, family history of cancer, and self-rated health status.

important [13]. That is, even if there were no barriers to cancer screening, individuals still need to decide for themselves
whether or not to undergo screening. Risk perception is one
of the most important factors in health-related decision making. In fact, cancer risk perceptions have been suggested to
be a key predictor of risk-reduction practices, health behaviors, and processing of cancer information [14]. Significant
evidence has indicated that risk perceptions are related to
health behavior and medical decision making. Kinney et al.

[15] reported that participants who believed they had an
average or reduced risk of colorectal cancer were less likely
to have undergone recent endoscopic surveillance of the colorectum than those who believed they were at greater risk.
McCaul et al. [16] reported that women with higher risk perceptions for breast cancer were more likely to undergo mammography screening. In our study, the high salt preference
group may not have been aware of excessive salt intake as a
risk for development of gastric cancer. If individuals recogVOLUME 48 NUMBER 3 JULY 2016
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Table 3. aORs and 95% CI for undergoing gastric cancer screening with upper gastrointestinal series and with upper
endoscopy compared with never-screening by polytomous logistic regression
Variable

Upper gastrointestinal series
(unweighted n=355)
aORa) (95% CI)

Sex
Male
Female
Age group (yr)
40-49
50-59
! 60
Residential area
Metropolitan
Urban
Rural
Monthly household income
" 1,499 USD
1,500-2,499 USD
2,500-3,499 USD
! 3,500 USD
Education (yr)
" 11
12-15
! 16
Family history of cancer
No
Yes
Self-rated health status
Good
Fair
Poor
Salt preference
Level 1 (very low)
Level 2 (low)
Level 3 (moderate)
Level 4 (high)
Level 5 (very high)

p for trend

Upper endoscopy
(unweighted n=1,460)
aORa) (95% CI)

p for trend

1.00 (reference)
1.30 (1.02-1.66)

-

1.00 (reference)
1.29 (1.11-1.50)

-

1.00 (reference)
1.49 (1.08-2.04)
1.86 (1.33-2.61)

< 0.001

1.00 (reference)
1.76 (1.45-2.13)
2.06 (1.65-2.56)

< 0.001

1.00 (reference)
1.20 (0.92-1.56)
2.28 (1.63-3.18)

< 0.001

1.00 (reference)
1.16 (0.99-1.36)
1.24 (0.96-1.58)

0.008

1.00 (reference)
1.16 (0.84-1.60)
1.00 (0.68-1.47)
1.06 (0.71-1.59)

0.867

1.00 (reference)
1.28 (1.04-1.59)
1.68 (1.32-2.12)
1.68 (1.30-2.18)

< 0.001

1.00 (reference)
0.74 (0.54-1.01)
1.05 (0.71-1.56)

0.742

1.00 (reference)
0.94 (0.77-1.15)
1.08 (0.83-1.40)

0.879

1.00 (reference)
1.22 (0.81-1.85)

-

1.00 (reference)
1.29 (1.00-1.67)

-

1.00 (reference)
1.27 (0.97-1.67)
1.32 (0.89-1.96)

0.574

1.00 (reference)
1.54 (1.30-1.82)
1.95 (1.52-2.52)

< 0.001

1.00 (reference)
0.56 (0.36-0.86)
0.53 (0.34-0.82)
0.58 (0.37-0.90)
0.32 (0.09-1.21)

0.121

1.00 (reference)
0.87 (0.64-1.19)
0.77 (0.56-1.06)
0.81 (0.59-1.12)
0.49 (0.21-1.12)

0.125

aOR, adjusted odds ratio; CI, confidence interval. a)Adjustments were made for age, sex, residential area, monthly household
income, education, family history of cancer, and self-rated health status.

nize that their dietary habits influence gastric cancer risk,
their screening behaviors are more likely to change.
In addition, the higher salt preference group may not have
had sufficient knowledge on gastric cancer, including its risk
factors and the importance of screening practices. To some
extent, risk awareness is associated with knowledge of cancer
risk. In a study of colorectal cancer screening, lack of knowledge and awareness was a reported reason for not having
undergone screening [17]. Groups with a better understand-
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ing of the risk factors for a disease and the benefits to be
gained by implementing recommended health behaviors
tend to choose healthier behaviors.
Our findings may also be explained in part by an optimistic bias; people often judge themselves to be at lower risk
for various negative life events than do their peers, despite
their unhealthy behaviors [18]. This can prevent people from
participating in appropriate health behaviors that may
reduce their risk of becoming ill. For example, smokers who

Ji-Yeon Shin, Salt Preference and Gastric Cancer Screening

underestimate their lung cancer risk are also more likely to
endorse beliefs supportive of smoking (e.g., there is no risk
of lung cancer if one only smokes for a few years) and less
likely to plan on quitting smoking [19]. People who prefer a
salty taste may underestimate their gastric cancer risk, have
less knowledge about the causes of gastric cancer, worry less
about developing gastric cancer, and be less likely to participate in screening behavior [14].
Collectively, our study findings support the need for
delivery of educational messages to change risk perceptions
for people with risk factors. This may be best accomplished
by both health care system-based initiatives and media campaigns. In addition, individuals should be provided with
information regarding the facts that those with higher salt
preference can benefit from upper endoscopy screening, that
excessive salt intake is related to H. pylori infection, and people who have these two factors concurrently should be more
aware of undergoing regular gastric cancer screening. Personalized cancer risk assessment with consideration of one’s
various risk factors and recommendations for selecting optimal screening modalities or intervals may be helpful in
the clinical setting. Fortunately, salt preference can be easily
assessed in the clinical setting and is useful for dietary intervention [20].
Previous studies of the Korean population have suggested
that participation in the gastric cancer screening program is
affected by various factors, including socio-demographic,
health behavior, and community level factors. Younger age
[21], lower education level [21-23], lower income level
[22,23], living without a spouse [21,22], excessive alcohol consumption [21,23], and currently smoking [21,22] were associated with less participation in gastric cancer screening.
Urbanization as a community-level factor also showed a negative association with undergoing gastric cancer screening
[22].
It is important to note that other health behavioral factors,
such as smoking and alcohol consumption, were not included as covariates. Close association of healthy dietary habits
with other good health behaviors has been reported [24]. In
this study, we found that those who frequently drank or currently smoked cigarettes were more likely to belong to the
high salt preference group (p=0.042 and p=0.002, respectively, by Mantel-Haenszel chi-squared test; data not shown).
Because collinearity between salt preference and other health
behaviors could interrupt or dilute the association we sought
to identify, we did not include other health behavioral factors
in the multivariable model.
This study had several limitations. First, we could not
measure salt intake; instead, we used salt preference, which
was self-reported in a questionnaire. Therefore, we could not
present exact sodium quantities in mg/day. However, previous studies have indicated that a high salt preference may

result in high long-term sodium intake because salt preference is considered to be formed by food selection [6,20]. In
addition, because salt preference is reflective of an individual’s attitude and response to salty food, it may be useful for
the qualitative evaluation of salt intake [20]. In fact, a recent
study showed considerable correlation between salt taste
preference and 24-hour urinary sodium level [25]. Second,
the KNCSS data were self-reported. Therefore, some inaccuracy due to inaccurate reporting by respondents may have
occurred. In particular, salt preference was defined via a single item in the self-reported questionnaire, and could have
resulted in some misclassification. However, misclassification of salt preference would likely be nondifferential and
would have led to a bias toward the null. Third, we were
unable to explore other factors that might have affected gastric cancer screening, such as H. pylori infection status as a
risk factor for gastric cancer and physician factors such as
doctors’ recommendations. Fourth, because of the cross-sectional design we cannot rule out the possibility of reverse
causation.

Conclusion
In this nationwide survey conducted in Korea, individuals
with higher salt preference showed suboptimal gastric cancer
screening adherence compared with individuals with a
lower salt preference. These findings highlight the need for
better delivery of educational messages to change risk perceptions regarding gastric cancer screening practice. Individually tailored risk assessment, appropriate risk education,
and proper recommendations for screening options are
needed for informed decision making.
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Concurrent Chemoradiotherapy Versus Chemotherapy Alone for
Unresectable Locally Advanced Pancreatic Cancer: A Retrospective
Cohort Study
Purpose
The optimal treatment strategy for locally advanced pancreatic cancer (LAPC), particularly
the role of concurrent chemoradiotherapy (CCRT), remains debatable. We compared the
clinical outcomes of CCRT and palliative chemotherapy alone (CA) in patients with unresectable LAPC.
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Materials and Methods
Patients with LAPC who were consecutively treated between 2003 and 2010 were included.
Resectability was evaluated according to National Comprehensive Cancer Network ver.
1.2012. The clinical outcomes for each treatment group (CCRT vs. CA) were evaluated retrospectively.
Results
Sixty-three patients (58.9%) and 44 patients (41.1%) were treated with CCRT and CA,
respectively. The CCRT cohort included patients who were treated with CCRT with or without
chemotherapy backbone (CCRT alone, induction chemotherapy-CCRT, CCRT-maintenance
chemotherapy, and induction-CCRT-maintenance chemotherapy). Median progression-free
survival (PFS) and overall survival (OS) of all patients were 7.2 months and 13.1 months.
PFS of the CCRT and CA groups was 9.0 months and 4.4 months, respectively (p=0.020).
OS of the CCRT and CA groups was 15.4 months and 9.3 months, respectively (p=0.011).
In multivariate analysis, the adjusted hazard ratio of CCRT was 0.536 (p=0.003) for OS and
0.667 (p=0.078) for PFS. Although the pattern of failure was similar in the CCRT and CA
groups, the times to both local and distant failure were significantly longer in the CCRT group.
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Conclusion
In patients with unresectable LAPC, those who underwent CCRT during their entire treatment
courses had longer OS than patients treated with chemotherapy alone.

Introduction
Pancreatic cancer (PC) is the fourth most common cause of
cancer death in both Asian and western countries [1]. At the
time of diagnosis, less than 20% of patients are eligible for

│ http://www.e-crt.org │
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curative surgery [2]. Among patients with initially inoperable PC, approximately 30% of patients present with locally
advanced disease without distant metastasis [3]. PC has a
dismal prognosis, with a 5-year overall survival (OS) rate of
5% [4].
The optimal treatment strategy for locally advanced pan-
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creatic cancer (LAPC) is still controversial, and the role of
local control by concurrent chemoradiotherapy (CCRT) has
not been established. Most clinical trials in the setting of palliative chemotherapy in PC have included both LAPC
patients and metastatic PC patients, altogether, and used the
extent of disease as a stratification factor.
The superiority of CCRT to radiation alone was proven in
1981 [3]. Although the Gastrointestinal Tumor Study Group
(GITSG) reported a higher efficacy of CCRT than chemotherapy alone (CA) in the 1980’s, the superiority of CCRT and
CA continues to be debated [5,6]. After the introduction of
gemcitabine for treatment of advanced PC, treatment with
gemcitabine alone resulted in longer survival than 5-fluorouracil (5-FU) based CCRT followed by maintenance gemcitabine (13 months vs. 8.6 months) in the FFCD-SFRO trial
[7].
In contrast, in treatment with gemcitabine plus radiation
longer survival was achieved compared to gemcitabine alone
(11.1 months vs. 9.2 months) in the ECOG E4201 trial [8].
Induction chemotherapy prior to CCRT was introduced
for achievement of both systemic and local control of possible
unrecognized micro-metastases and to effectively identify
the patients who might benefit from CCRT after induction
chemotherapy [9,10].
The introduction of new radiosensitizing agents with
advanced radiotherapy techniques reduced toxicities; however, consensus regarding efficacy is still elusive [11,12].
Gemcitabine was reported to be a more potent radiosensitizer than 5-FU [13], and better outcomes were reported for
capecitabine, another radiosensitizer, than gemcitabine [14].
However, those findings are insufficient to support a general
consensus regarding the optimal treatment for LAPC.
Therefore, this study was conducted to evaluate the effects
of adding CCRT to a chemotherapy backbone in LAPC.

Materials and Methods
1. Study patients
LAPC patients who were consecutively treated between
2003 and 2010 were included. Eligible patients had (1) histologically confirmed pancreatic adenocarcinoma, (2) no radiographic evidence of distant metastases, and (3) radiographic
evidence of unresectability.
All computed tomography/magnetic resonance imaging
image were reviewed for the unresectability, following the
guidelines for LAPC of the National Comprehensive Cancer
Network (NCCN) ver. 1.2012 [15]. Tumors met the criteria:
tumors invaded or encased the aorta or encased the celiac
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axis or superior mesenteric artery by more than 180˚ (abutted
celiac axis at any degree in pancreatic head cancer) or
demonstrated unreconstructable occlusion of the superior
mesenteric vein or portal vein or extended to lymph nodes
beyond the field of resection.
2. Study methods
1) Treatment cohort
Patients who underwent CA during the entire treatment
course were included in the CA group. Patients who underwent CCRT during the entire treatment course were
included in the CCRT group.
2) Response evaluation
Objective tumor response was evaluated according to
the Response Evaluation Criteria In Solid Tumors (RECIST)
ver. 1.1.
Body mass index (BMI) was calculated as body weight
divided by height2 (kg/m2) measured the day of the first
dose of chemotherapy. Tumors were staged according to the
American Joint Committee on Cancer (AJCC) seventh edition.
3. Statistical analysis
OS, progression-free survival (PFS), best response, pattern
of failure, and toxicities were evaluated according to treatment groups. OS was defined as the period from the start of
treatment to death from any cause. PFS was defined as the
period from the start of treatment to the progression of disease or death from any cause, with censoring of patients who
are lost to follow-up.
The median OS and PFS were calculated using the KaplanMeier method. Between-group differences in demographic
and clinical data were evaluated using Fisher exact test for
categorical variables. The effect of multiple factors on survival, the hazard ratio (HR) and its 95% confidence interval
(CI) were evaluated using Cox proportional hazards models.
Each variable that was likely to be associated with survival,
based on p ! 0.1 in the univariate analysis, was evaluated in
the multivariate analysis. The survival of the two groups was
compared using the log-rank test. All tests were 2-sided, and
p ! 0.05 was considered statistically significant. Statistical
analyses were performed using SPSS ver. 19.0 (IBM Co.,
Armonk, NY).
4. Ethics
This study was reviewed and approved by the Institu-
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Table 1. Clinical characteristics by treatment groups
Characteristic
Sex
Male
Female
Age (yr)
! 60
< 60
Performance
0-1
!2
T stage
3
4
N stage
0
1
Site
Head
Corpse
Size (cm)
!3
<3
Initial BMI (kg/m2)
< 20.0
20.0-24.9
! 25.0
CA19-9
Elevated
Normal
Albumin
Decreased
Normal
No. of chemotherapy regimens
1
!2

CCRT vs. CA

Total (n=107)

p-valuea)

20 (45.5)
24 (54.5)

53 (49.5)
54 (50.5)

0.557

30 (47.6)
33 (52.4)

29 (65.9)
15 (34.1)

59 (55.1)
48 (44.9)

0.076

57 (86.4)
6 (9.6)0

38 (86.4)
6 (13.6)

95 (88.8)
12 (11.2)

0.546

14 (22.2)
49 (77.8)

17 (38.6)
27 (61.4)

31 (29.0)
76 (71.0)

0.084

41 (65.1)
22 (34.9)

21 (47.7)
23 (52.3)

62 (57.9)
45 (42.1)

0.111

29 (46.0)
34 (54.0)

26 (59.1)
18 (40.9)

55 (51.4)
52 (48.6)

0.239

41 (65.1)
22 (34.9)

32 (72.7)
12 (27.3)

73 (68.2)
34 (31.8)

0.527

19 (30.2)
36 (57.1)
8 (12.7)

12 (27.3)
25 (56.8)
7 (15.9)

31 (29.0)
61 (57.0)
15 (14.0)

0.924

46 (73.0)
17 (27.0)

37 (84.1)
7 (15.9)

83 (77.6)
24 (22.4)

0.240

11 (17.5)
52 (82.5)

10 (22.7)
34 (77.3)

21 (19.6)
86 (80.4)

0.622

31 (49.2)
32 (50.8)

29 (65.9)
15 (34.1)

60 (56.1)
47 (43.9)

0.114

CCRT (n=63)

CA (n=44)

33 (52.4)
30 (47.6)

Values are presented as number (%). CCRT, concurrent chemoradiotherapy; CA, chemotherapy alone; BMI, body mass
index; CA19-9, carbohydrate antigen 19-9. a)Fisher exact test was performed.

tional Review Board of Seoul National University Hospital
(IRB No. H-1307-146-507). All studies were conducted
according to ethical guidelines (Declaration of Helsinki) for
biomedical research.

Results
1. Patient characteristics
A total of 107 patients with LAPC were identified retrospectively; their characteristics by treatment groups are
shown in Table 1. The median age was 60.7 years (range, 35.2
to 84.0 years) and most patients (88.8%) had a performance
status of 0 or 1. Thirty-one patients (29.0%) had T3 lesions
VOLUME 48 NUMBER 3 JULY 2016
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109 Patients witn LAPC
Excluded 1 patients received radiation at other
hospital and 1 patient received adjuvant CCRT
after achieving R0 resection following CA
107 Eligible patients with LAPC

44 (41.1%) Patients with CA

11 (17.5%) Patients
with CCRT alone

8 (12.7%) Patients
induction-CCRT

63 (58.9%) Patients with CCRT

16 (25.4%) Patients
with CCRT-maintenance

28 (44.4%) Patients
with inductionCCRT-maintenance

Fig. 1. Flow diagram for the study cohort. LAPC, locally advanced pancreatic cancer; CCRT, concurrent chemoradiotherapy,
CA, chemotherapy alone.

and 76 patients (71.0%) had T4 lesions, and 45 patients
(42.1%) had positive lymph nodes. Primary tumor sites were
equally distributed in the head (51.4%) and body (48.6%) of
the pancreas. Seventy-three patients (68.2%) had primary
tumors larger than 3 cm. BMI distributions were BMI < 20.0
(29.0%); 20.0 ! BMI < 25.0 (57.0%); and BMI " 25.0 (14.0%).

(range, 1.6 to 2.0 Gy) over 6 weeks (median, 6.1 weeks; range
2.6 to 8.1 weeks). Radiosensitizers used during CCRT
were gemcitabine (n=17, 27.0%), 5-FU (n=16, 25.4%), and
capecitabine (n=30, 47.6%).

2. Treatment regimen

Patients without progression after CCRT received additional maintenance chemotherapy (n=44, 69.8%) using a
median of three cycles (range, 1 to 17 cycles). The most frequently used maintenance chemotherapy agents were also
gemcitabine-based regimens (n=38, 86.3%).

Flow diagram for the study cohort is shown in Fig. 1 and
treatments are summarized in Table 2. Sixty-three patients
(58.9%) underwent CCRT and 44 patients (41.1%) underwent
CA.

(3) Maintenance chemotherapy

2) CA cohort
1) CCRT cohort
(1) Induction chemotherapy
Among the CCRT group, 36 patients (57.1%) received a
median of three cycles of induction chemotherapy (range, 1
to 9) prior to CCRT. The most commonly selected induction
agents were gemcitabine-based doublets.

Among the patients in the CA group, gemcitabine-based
regimen was used in 97.7% of patients. Median chemotherapy cycle and dose intensity were three cycles (range, 1 to 18
cycles) and 100% (range, 60% to 100%), respectively.
The baseline characteristics showed a similar distribution
in the CCRT and CA groups (Table 1).
3. Treatment outcomes

(2) CCRT
The prearranged total dose was 55.8 Gy/31 fractions
delivered five times weekly, composed of 45 Gy/25 fractions
delivered to the entire region and 10.8 Gy/6 fractions as a
booster. Most patients (n=56, 88.9%) received a radiation
dose " 50 Gy. Median total delivered radiation dose was 55.8
Gy (range, 32.4 to 59.4 Gy) delivered as 1.8 Gy per fraction
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The median duration of follow-up for all patients was 12.6
months (range, 2.0 to 58.3 months), and the median OS and
PFS were 13.1 months (95% CI, 11.6 to 14.6 months) and 7.2
months (95% CI, 6.2 to 8.3 months), respectively. Two
patients who underwent CCRT after first-line failure were
excluded from the analysis of PFS for first-line treatment.

Younak Choi, CCRT Versus Chemotherapy Alone for LAPC

Table 2. Details of treatment regimens
Characteristic
CCRT group (n=63)
Induction chemotherapy (n=63)
Administered
Not administered
DI of induction chemotherapy (%) (n=36)
100
< 100
Agents of induction chemotherapy (n=36)
Gemcitabine/cisplatin
Gemcitabine/capecitabine
Gemcitabine/oxaliplatin
Gemcitabine alone
Radiosensitizer (n=63)
Gemcitabine
5-FU
Capecitabine
Total radiation dose (Gy) (n=63)
< 50
50-60
Radiation dose per fraction (Gy) (n=63)
1.6
1.8
2
Maintenance chemotherapy (n=63)
Administered
Not administered
DI of maintenance chemotherapy (%) (n=44)
100
< 100 (70-87.5)
Agents of maintenance chemotherapy (n=44)
Gemcitabine/cisplatin
Gemcitabine/capecitabine
Gemcitabine/5-FU
Gemcitabine alone
5-FU/leucovorin
5-FU/cisplatin
Capecitabine alone
CA group (n=44)
DI of chemotherapy (%) (n=44)
100
< 100 (70-87.5)
Agents of chemotherapy (n=44)
Gemcitabine/cisplatin
Gemcitabine/capecitabine
Gemcitabine/oxaliplatin
Gemcitabine/erlotinib
Gemcitabine/capecitabine/erlotinib
Gemcitabine/S-1
Gemcitabine alone
S-1

No. of patients (%)

36 (57.1)
27 (42.9)
18 (50.0)
18 (50.0)
31 (86.1)
1 (2.8)
1 (2.8)
3 (8.3)
17 (27.0)
16 (25.4)
30 (47.6)
7 (11.1)
56 (88.9)
1 (1.6)
52 (82.5)
10 (15.9)
44 (69.8)
19 (30.2)
23 (52.3)
21 (47.7)
9 (20.4)
3 (6.8)
1 (2.3)
25 (56.8)
4 (9.1)
1 (2.3)
1 (2.3)

28 (63.6)
16 (36.4)
18 (40.9)
10 (22.7)
4 (9.1)
2 (4.5)
1 (2.3)
1 (2.3)
7 (15.9)
1 (2.3)

CCRT, concurrent chemoradiotherapy; 5-FU, 5-fluorouracil; DI, dose intensity; CA, chemotherapy alone.
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4. Outcomes analysis by treatment group
First-line treatment outcomes of CCRT and CA groups are
summarized in Table 3.
1) Response
In the CCRT group, three patients (4.9%) had complete
response (CR), 18 (29.5%) had partial response (PR), and 37
(60.7%) had stable disease (SD). In the CA group, one patient
(2.3%) had CR, seven (15.9%) had PR, and 18 (40.9%) had SD.
2) OS
The median OS was 15.4 months (95% CI, 13.2 to 17.6
months) in the CCRT group and 9.3 months (95% CI, 6.6 to
12.0 months) in the CA group (p=0.011) (Table 4, Fig. 2A).
The 1-year OS was 69.1% in the CCRT group and 37.9% in
the CA group. The median OS of patients who underwent
CCRT alone, induction-CCRT, CCRT-maintenance, and
induction-CCRT-maintenance was 10.9 months (95% CI, 6.4
to 15.4 months), 9.2 months (95% CI, 1.7 to 16.8 months), 17.0
months (95% CI, 14.3 to 19.8 months), and 17.0 months (95%
CI, 15.1 to 18.9 months), respectively (p=0.010). CCRT with
induction chemotherapy did not differ significantly from
CCRT without induction chemotherapy in OS (16.4 months
vs. 13.6 months; HR, 0.840; 95% CI, 0.492 to 1.435; p=0.524).
However, CCRT with maintenance chemotherapy resulted
in significantly longer OS than CCRT without maintenance
chemotherapy (17.0 months vs. 9.2 months; HR, 0.449; 95%
CI, 0.251 to 0.801; p=0.007).
3) PFS
The median PFS was 9.0 months (95% CI, 7.0 to 11.0
months) in the CCRT group and 4.4 months (95% CI, 0.9 to
8.0 months) in the CA group (p=0.020). Six-month PFS was
68.3% and 47.4% and 1-year PFS was 28.6% and 13.1%,
respectively (Table 4, Fig. 2B). The PFS of patients who
underwent CCRT alone, induction-CCRT, CCRT-maintenance, and induction-CCRT-maintenance was 3.0 months
(95% CI, 2.3 to 3.7 months), 5.3 months (95% CI, 4.5 to 6.1
months), 6.9 months (95% CI, 2.4 to 11.5 months), and
11.4 months (95% CI, 10.2 to 12.7 months), respectively
(p < 0.001). The use of induction and maintenance chemotherapy prolonged PFS (10.8 months vs. 4.7 months; HR,
0.449; 95% CI, 0.261 to 0.773; p=0.004) and (10.8 months vs.
4.5 months; HR, 0.322; 95% CI, 0.177 to 0.585; p < 0.001),
respectively. Only one patient in the CCRT group converted
to resectability, underwent margin-negative resection after
CCRT, and had an OS of 17.0 months and PFS of 6.9 months.
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Table 3. Response to first-line treatment
Characteristic
CCRT group (n=61)
Treatment scheme (n=61)
CCRT alone
Induction-CCRT
CCRT-maintenance
Induction-CCRT-maintenance
BR to induction chemotherapy (n=36)
PR
SD
BR to CCRT (n=61)
CR
PR
SD
PD
BR to entire CCRT regimen (n=61)
CR
PR
SD
PD
Pattern of failure (n=59)
Local
Systemic
Both
NA
CA group (n=44)
BR to first-line treatment (n=44)
CR
PR
SD
PD
NA
Pattern of failure (n=43)
Local
Systemic
Both
NA

No. of patients (%)

10 (16.4)
8 (13.1)
15 (24.6)
28 (45.9)
5 (13.9)
31 (86.1)
1 (1.6)
15 (24.6)
39 (64.0)
6 (9.8)
3 (4.9)
18 (29.5)
37 (60.7)
3 (4.9)
21 (35.6)
23 (39.0)
7 (11.9)
8 (13.5)

1 (2.3)
7 (15.9)
18 (40.9)
12 (27.3)
6 (13.6)
12 (27.3)
13 (29.5)
4 (9.1)
14 (34.1)

CCRT, concurrent chemoradiotherapy; BR, best response;
PR, partial response; SD, stable disease; CR, complete
response; PD, progressive disease; NA, not assessable; CA,
chemotherapy alone.

4) Patterns of failure
The pattern of progression (local failure and/or distant
metastasis) is shown in Table 4. Among assessable patients,
the frequency of local failure, with or without distant progression, did not differ; 54.9% and 58.6% in the CCRT and
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Table 4. Summary of response and survival by treatment groups
CCRT vs. CA (n=105)

Characteristic

CCRT (n=61)

First-line treatment
Best response
ORR
DCR
Pattern of PD (of accessible patients) (n=82)
Local
Systemic
Median survival (mo)
First-line PFS (95% CI)
Time to local failure (95% CI) (n=46)
Time to distant failure (95% CI) (n=48)
OS (95% CI) (n=107)

p-value

CA (n=44)

61 (

44 (

21 (34.4)
58 (95.1)

8 (18.2)
26 (59.1)

0.079a)
< 0.001a)

28 (54.9)
30 (58.8)

17 (58.6)
17 (58.6)

0.817a)
1.000a)

4.4 (0.9-8.0)
3.7 (1.4-5.9)
5.0 (1.6-8.4)
9.3 (6.6-12.0)

0.020b)
0.001b)
0.001b)
0.011b)

9.0 (7.0-11.0)
10.5 (8.5-12.4)
7.8 (5.1-10.5)
15.4 (13.2-17.6)

Values are presented as number (%). CCRT, concurrent chemoradiotherapy; CA, chemotherapy alone; ORR, objective
response rate; DCR, disease control rate; PD, progression; PFS, progression-free survival; CI, confidential interval; OS, overall
survival. a)Fisher exact test was performed, b)Log-rank test was performed.

A

0.8
CCRT
CA

0.6
0.4
0.2
0

p=0.011

0

10

20
Time to death (mo)

30

40

B

1.0
Probability of PFS

Probability of OS

1.0

0.8
CCRT
CA

0.6
0.4
0.2
0

p=0.020

0

4

8
12
Time to death (mo)

16

20

Fig. 2. Overall survival (OS) and progression-free survival (PFS) by first-line treatment modality. (A) Median OS was 15.4
months (95% confidence interval [CI], 13.2 to 17.6 months) in the concurrent chemoradiotherapy (CCRT) group and 9.3
months (95% CI, 6.6 to 12.0 months) in the chemotherapy alone (CA) group (p=0.011). (B) Median PFS was 9.0 months (95%
CI, 7.0 to 11.0 months) in the CCRT group and 4.0 months (95% CI, 1.6 to 6.3 months) in the CA group (p=0.010).

CA groups, respectively (p=0.817). However, median time to
local progression was longer, by 6.8 months, in the CCRT
group than in the CA group (p < 0.001). The frequency of systemic failure, with or without local progression, was also
similar, 58.8% in the CCRT group and 58.6% in the CA group
(p=1.000). Median time to distant progression was also
longer, by 2.8 months, in the CCRT group than in the CA

group (p=0.001) (Table 4). However, in comparison of the
CCRT alone and CA groups, no significant difference was
found in survival and pattern of failure (OS: HR, 0.880;
p=0.718; time to local failure: HR, 1.255; p=0.665; time to systemic failure: HR, 0.749; p=0.654). In all patients, the most
frequent sites of distant failure were liver (30.9%), peritoneum (27.2%), and lung (12.3%).
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Table 5. Analysis of potential prognostic factors for overall survival
Clinical factor
Age (yr)
! 60
< 60
Performance
!2
0-1
T stage
4
3
N stage
1
0
Site
Corpse
Head
Size (cm)
!3
<3
Initial BMI (kg/m2)
< 20.0
20.0-24.9
! 25.0
CCRT
Yes
No
CA19-9
Elevated
Normal
Albumin
Decreased
Normal

mOS (mo)

Univariate analysis

Multivariate analysis
a)

p-valueb)

HR

95% CI

p-value

HR

95% CI

-

1.135
1

0.759-1.698

0.536

-

-

-

-

1.434
1

0.760-2.707

0.266

-

-

-

-

0.961
1

0.616-1.499

0.861

-

-

-

-

1.165
1

0.776-1.749

0.462

-

-

-

-

0.816
1

0.547-1.217

0.319

-

-

-

-

1.302
1

0.841-2.014

0.236

-

-

-

10.70
14.20
12.10

1
0.532
0.543

0.337-0.840
0.277-1.067

0.021
Reference
0.007
0.077

0.374-0.965
0.374-1.631

0.097
Reference
0.035
0.511

15.40
9.3

0.589
1

0.392-0.885

0.011

0.536
1

0.355-0.809

0.003

11.50
17.00

1.979
1

1.201-3.261

0.007

1.877
1

1.077- 3.272

0.026

6.3
13.90

3.033
1

1.807-5.089

< 0.00100

3.148
1

1.863-5.320

< 0.001

1
0.601
0.781

mOS, median overall survival; HR, hazard ratio; CI, confidential interval; BMI, body mass index; CCRT, concurrent chemoradiotherapy; CA19-9, carbohydrate antigen 19-9. a)Cox proportional hazard model was performed, b)Cox proportional hazard
model adjusted for BMI, CCRT, CA 19-9, and albumin was performed.

5. Analysis of prognostic factors
Table 5 shows the results of the analysis of possible prognostic factors for OS. In the univariate analysis, BMI
(p=0.021), CCRT (p=0.011), carbohydrate antigen 19-9
(CA19-9) (p=0.007), and albumin (p < 0.001) showed significant association with OS. In the multivariate analysis, elevated CA19-9 (HR, 1.877; 95% CI, 1.077 to 3.272; p=0.026) and
decreased albumin levels (HR, 3.148; 95% CI, 1.863 to 5.320;
p < 0.001) conferred a higher risk for death, whereas CCRT
(HR, 0.536; 95% CI, 0.355 to 0.809; p=0.003) significantly lowered the risk.
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In the univariate analysis, the significant prognostic factors
for PFS were T stage (p=0.001), N stage (p=0.021), initial BMI
(p=0.030), and CCRT (p=0.020). In the multivariate analysis,
T4 (HR, 0.504; 95% CI, 0.308 to 0.825; p=0.006), positive
lymph node (HR, 1.664; 95% CI, 1.049 to 2.639; p=0.030),
and normal range of initial BMI (HR, 0.590; 95% CI, 0.350
to 0.995; p=0.048) showed association with PFS. CCRT
(HR, 0.667; 95% CI, 0.426 to 1.046; p=0.078) and decreased
albumin (HR, 1.662; 95% CI, 0.931 to 2.969; p=0.086) tended
to showed association with longer and shorter PFS, respectively (Table 6).
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Table 6. Analysis of potential prognostic factors for progression-free survival
Clinical factor
Age (yr)
! 60
< 60
Performance
!2
0-1
T stage
4
3
N stage
1
0
Site
Corpse
Head
Size (cm)
!3
<3
Initial BMI (kg/m2)
< 20.0
20.0-24.9
! 25.0
CCRT
Yes
No
CA19-9
Elevated
Normal
Albumin
Decreased
Normal

mOS (mo)

Univariate analysis

Multivariate analysis
a)

p-valueb)

HR

95% CI

p-value

HR

95% CI

6.2
8.3

1.127
1

0.740-1.716

0.576

-

-

-

6
7.7

0.969
1

0.4514-1.8260

0.922

-

-

-

8.4
4.4

0.432
1

0.269-0.694

0.001

0.504
1

0.308-0.825

0.006

5.2
8.3

1.641
1

1.076-2.502

0.021

1.664
1

1.049-2.639

0.030

8.0
6.7

0.860
1

0.568-1.304

0.478

-

-

-

7.1
7.7

0.969
1

0.622-1.509

0.889

-

-

-

5.0
8.3
7.8

1
0.527
0.510

0.323-0.860
0.250-1.039

0.030
Reference
0.010
0.064

0.350-0.995
0.379-1.780

0.116
Reference
0.048
0.618

9.0
4.4

0.598
1

0.389-0.922

0.020

0.667
1

0.426-1.046

0.078

6.9
10.5

1.543
1

0.944-2.521

0.084

1.295
1

0.754-2.224

0.349

3.2
8.0

1.658
1

0.973-2.826

0.063

1.662
1

0.931-2.969

0.086

1
0.590
0.822

mPFS, median progression free survival; HR, hazard ratio; CI, confidential interval; BMI, body mass index; CCRT, concurrent
chemoradiotherapy; CA19-9, carbohydrate antigen 19-9. a)Cox proportional hazard model was performed, b)Cox proportional
hazard model adjusted for T stage, N stage, BMI, CCRT, CA 19-9, and albumin was performed.

Discussion
The question of whether CCRT or CA is superior for LAPC
has been debated for decades. In this study, we demonstrated an advantage of CCRT. Using multivariate analysis,
we found that addition of CCRT in the chemotherapy backbone had excellent prognostic implications for treatment of
LAPC patients. Further examination showed that better outcomes could be achieved by sequential treatment of CCRTmaintenance chemotherapy.
In addition, although the CCRT and CA groups showed

similar patterns of failure, time to distant progression and to
time to local progression were also significantly longer in the
CCRT group.
Previous clinical trials focusing on combined radiosensitizers have reported conflicting results. Although gemcitabine was reported to be a more potent radiosensitizer than
5-FU [13], these results were inconsistent [11,16]. In the
SCALOP trial, the use of capecitabine, a radiosensitizer,
resulted in a better outcome than gemcitabine [14]. However,
further controlled trials comparing the efficacy of radiosensitizers are needed.
For more than 30 years, many studies have investigated
VOLUME 48 NUMBER 3 JULY 2016
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the optimal treatment of LAPC. Some studies supported the
superiority of CCRT over CA [5,8,9], but others did not agree
with CCRT’s superiority [7,17]. In this study, longer OS was
observed with CCRT than with CA and longer PFS by use of
an induction and/or maintenance chemotherapy backbone
in the CCRT regimen. Of note, the median PFS of patients
treated with CCRT alone was only 3.0 months. In previous
studies of LAPC, the use of CCRT after disease control with
induction chemotherapy prolonged both OS and PFS [9,18].
These findings support the hypothesis that combined
chemotherapy can suppress distant metastases caused by
early micro-metastases [19]. Based on analysis of a subgroup
of patients of the LAP07 trial, a recent report showed that
detection of circulating tumor cells (CTCs) for evaluation of
micrometastatic disease was a promising prognostic tool.
CTC positivity at baseline and/or at 2 months was associated
with a shorter survival (p=0.01) [10].
Among the treatment modalities for PC, resection with a
negative margin provides the most favorable prognosis.
Because some studies reported their experience with R0
resection in LAPC patients, after pre-operative CCRT
allowed down-staging, interest in the neoadjuvant role of
CCRT for patients with LAPC and borderline resectable
pancreatic cancer (BRPC) patient is increasing [20].
We observed that CCRT, when added to a combined
chemotherapy backbone, is clearly beneficial for LAPC
patients. We demonstrated that maintenance chemotherapy
lengthened both OS and PFS, but we could not prove the
efficacy of induction chemotherapy.

The strengths of this study were (1) only initially unresectable LAPC patients were included. BRPC patients with
a higher possibility of R0 resection and better prognosis were
excluded. (2) We avoided possible confounding by FOLFIRINOX, which is the most powerful first-line treatment regimen and has no credible efficacy data as second-line
treatment. The limitations of this trial originated from the
retrospective design. We could not obtain reliable data on
toxicities.

Conclusion
In conclusion, our study strongly suggests that strengthening the early treatment by addition of CCRT in the
chemotherapy backbone during treatment of LAPC patients
conferred better treatment outcomes. Further controlled
trials are warranted to evaluate the role of CCRT and the
efficacy of combined agents.
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Purpose
Understanding of the etiology and pathogenesis of pancreatic cancer (PaCa) is still insufficient. This study evaluated the associations between concentrations of selenium (Se) and
copper (Cu) in the serum of PaCa patients.
Materials and Methods
The study included 100 PaCa patients and 100 control subjects from the same geographical
region in Poland. To determine the average concentration of Se, Cu, and ratio Cu:Se in the
Polish population, assay for Se and Cu was performed in 480 healthy individuals. Serum
levels of Se and Cu were measured using inductively coupled plasma mass spectrometry.
Results
In the control group, the average Se level was 76 !g/L and Cu 1,098 !g/L. The average Se
level among PaCa patients was 60 !g/L and the mean Cu level was 1,432 !g/L. The threshold point at which any decrease in Se concentration was associated with PaCa was 67.45
!g/L. The threshold point of Cu level above which there was an increase in the prevalence
of PaCa was 1,214.58 !g/L. In addition, a positive relationship was observed between
increasing survival time and Se plasma level.
Conclusion
This retrospective study suggests that low levels of Se and high levels of Cu might influence
development of PaCa and that higher levels of Se are associated with longer survival in
patients with PaCa. The results suggest that determining the level of Se and Cu could be
incorporated into a risk stratification scheme for the selection and surveillance control
examination to complement existing screening and diagnostic procedures.
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Introduction
Pancreatic cancer (PaCa), the eighth most commonly diagnosed cancer in the developed world, has one of the worst
prognoses of any malignancy with 98% succumbing to their
disease within 5 years. Light is beginning to be shed on the
underlying molecular events involved in development and
progression of PaCa [1] but there is little information on the
risk factors associated with disease.
Risk factors for PaCa include environmental exposure
(such as cigarette smoking and excessive alcohol intake),
type 2 diabetes (T2D) and genetic factors. Both smoking and
T2D increase PaCa risk by about double [2-4]. Germline
mutations in several genes: BRCA2, PALB2, CDKN2A, ATM,
STK11, PRSS1, SPINK1, TP53, SMAD4, ARID1A, ROBO2,
KDM6A, PREX2, and DNA mismatch repair have also been
associated with an increased risk of disease [1,5]. In addition,
two recently completed genome-wide association studies,
PanScan1 and PanScan2, reported variants in ABO (rs505
922), 1q32.1 (rs3790844), 13q22.1 (rs9543325), and 5p15.3
(rs401681), which are associated with modestly increased risk
of PaCa [6,7]. Familial associations of PaCa are rare and cannot account for the frequency of disease, although if three
first-degree relatives are affected, disease risk can be
increased over 30 times [8].
The important role of micronutrients in the pathogenesis
of malignancy is not fully understood, but must include both
selenium (Se) and copper (Cu). Both micronutrients are
involved in many biochemical processes including cellular
respiration, cellular utilization of oxygen, DNA and RNA
production, maintenance of cell membrane integrity, and
sequestration of free radicals [9]. In general, in relation to
malignancy many studies suggest that Se supplementation
can reduce not only the incidence of disease but also mortality [10]. Data from a meta-analysis of 49 prospective studies
confirmed a reduction in cancer mortality, by 45% in persons
with an optimized Se concentration [11].
The chemo-preventative benefit of Se may differ between
individuals and the same dose may not be optimal for all.
The preventative effect of Se supplementation strongly
depends on the baseline levels of Se and is beneficial only for
individuals with a low serum Se concentration. In terms of
health benefit, the efficacy of Se is related to a “U” shaped
curve [12]. Low levels of Se are associated with an increased
risk of malignancy whereas too much (selenosis) is linked to
an increased occurrence of common diseases, including T2D
[13].
In cancer and inflammation, plasma Cu and ceruloplasmin
concentrations rise and the rates of synthesis and secretion
of ceruloplasmin by the liver are enhanced. The elevated
ceruloplasmin concentrations in both of these conditions

would provide additional Cu uptake by cells in normal tissues and as well as cancer cells. In addition, transcuprein
(another Cu-binding protein) appears to be increased in
malignancy. Ready uptake of Cu from non-ceruloplasmin
fractions of plasma, which together account for the relatively
high levels of Cu in tumor cells, has been demonstrated in
neoplastic cells. Cu also plays a role in angiogenesis, a
requirement for tumor growth, which may be mediated by
Cu-dependent amine oxidases [14].
Higher Se levels were observed among healthy subjects
both in regards to the patients with PaCa, and those with
chronic pancreatitis. However, patients with chronic pancreatitis had higher serum Se levels compared with those
observed in PaCa patients. Simultaneously an inverse observation was observed for serum Cu levels, where PaCa
patients had the highest levels of serum Cu [15]. Taken
together, this suggests that serum Se and Cu levels are
required for the progression of pancreatic disease.
It has yet to be determined whether altered Se and Cu concentrations are the cause or effect of malignancy. Hence, the
utility of serum Se and Cu evaluation for cancer prevention,
detection, monitoring treatment, and prognosis requires further investigation.
In the current study, we examined the levels of Se and Cu
in PaCa patients and compared this to a healthy age-matched
population from the same geographical region in Poland.

Materials and Methods
1. Study participants
A total of 100 PaCa patients and 100 aged-matched healthy
control subjects were enrolled in the study after providing
informed consent. Patients with clinically advanced PaCa
were diagnosed and enrolled in the study at the Hospital of
the Ministry of Internal Affairs and Administration in
Szczecin between February 2011 and October 2014. For each
PaCa patient included an unaffected individual registered at
the International Hereditary Cancer Center, Pomeranian
Medical University of Szczecin, was included as a control
subject. Control subjects were part of a population-based
study of the 1.3 million inhabitants of Poland designed to
identify familial aggregations of cancer conducted by our
center. Participants were matched for year of birth (±3 years),
sex, smoking status (expressed in pack-years), and the total
number of PaCa and any other malignancies among first
degree relatives. All patients had a histopathological diagnosis of PaCa. The characteristics of the individuals included
in the study are shown in Table 1. In addition, to determine
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the average concentration of Se, Cu, and ratio of copper to
selenium levels (Cu:Se) in the Polish population, 480 healthy
individuals were assayed for Se and Cu. The study was conducted in accordance with the Declaration of Helsinki and
all participants signed an informed consent document prior
to donating a blood sample. The study was approved by the
Ethics Committee of Pomeranian Medical University in
Szczecin under the number KB-0012/73/10. Each person
enrolled in the study donated ~10 blood for sufficient serum
for isolation and examination for the elements Se and Cu and
~10 mL ethylenediaminetetraacetic acid blood for DNA isolation and for performance of genotyping. None of the study
participants were taking any dietary supplements and
donated to research while in the fasted state.

Table 1. Characteristics of individuals for pancreatic cancer study
Characteristic
Birth year range
Age at sample, mean (range, yr)
Sex
Male
Female
First-degree relatives
With pancreatic cancer
Another cancer site
Smoking status
Smoker
Non-smoker
Pack-years, mean (range)

Case (n=100) Control (n=100)
1930-1976
1928-1978
63.40 (35-84) 63.45 (33-85)
59
41

59
41

4
43

4
43

27
27
28.99 (2-50)

73
73
26.14 (2-50)

2. Measurement of Se and Cu level
The levels of Se and Cu in the serum were determined by
Inductively Coupled Plasma Mass Spectrometry (ICP-MS,
Elan DRC-e, PerkinElmer, Wellesley, MA). To validate the
measurements a reference solution ("Seronorm" Serum Control for trace elements level I ClinCheck, Recipe) was measured every six samples in order to maintain the sensitivity
and specificity of the assays. Cases and control subjects were
tested alternately. The mean drift was used as a correction
value for the samples, whereas a measured drift larger than
5% from the reference material caused recalibration of the
device and re-measurement of the previous samples. A calibration curve was prepared using standard grade purity
multi-element ICP-MS at a concentration of 1,000 µg/L
(PerkinElmer). The pattern to working concentration (100
µg/L) was diluted with 1% nitric acid solution purity class
Suprapur (Merck, Darmstadt, Germany) prepared in ultrapure deionized water with a resistance of > 18 M. The working solution standard serial dilution was then performed,
which provided the reagents for use in performance of the
calibration at 0.1, 1, 5, and 10 µg/L (for measurement of Se)
and 0.1, 1, 5, 10, 100, and 200 µg/L (measured Cu). The correlation coefficient for each curve was ! 0.999. Test samples
and reference materials were prepared immediately before
measurement. Samples were diluted 100-fold, using a 1%
solution of Suprapur (Merck). Nitric acid was prepared in
ultrapure deionized water with a resistance of > 18 M.

assigned to one of four categories, based on the distribution
of microelement levels in both tested groups, corresponding
to quartiles. The reference quartile category was that which
included the largest number of controls, analogous to the
standard procedure.
In addition, to improve the degree of detail, ORs were calculated and displayed graphically using a standard sliding
windows approach. Overlapping windows (smoothing factor, 30 observations) slide over the range of microelement
levels and OR was calculated for each one separately taking
the expected proportion of controls and cases (1:1) as a reference and comparing with the observed proportion. A
Lowess-regression was applied to these calculated data
points to estimate the underlying PaCa incidence curve. If
the OR could not be estimated (e.g., for the highest proportions of Cu to Se, where there are no controls, just cases, for
the overlapping windows) OR was conservatively estimated
to be the same as the last calculated OR. Such ORs were
marked with a black/grey color to avoid confusion. The
potential association between Se levels and survival time was
assessed following a generalized linear model, where the
covariates age, sex, pack-years and survival status were used
for adjustment. Due to the limited sample size, interaction
effects were not considered. All calculations were performed
using R for Statistical Computing (ver. 3.2.0).

3. Statistical analysis
The association between different categorical levels of
Se, Cu, and disease status were evaluated by estimating odds
ratios (OR) with 95% confidence intervals (CI) from 2-by-2
contingency tables. The Fisher exact test was applied to
determine whether or not the differences in proportions were
statistically significant. For these estimates, individuals were
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Results
Se and Cu were assayed in serum samples taken from
patients and control subjects. All micronutrient concentrations are reported as µg/L. Among the control group the
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Table 2. Serum selenium (Se) levels and the frequency of pancreatic cancer
Quartile

Se level (µg/L)

I
II
III
IV

29.87-56.20
56.52-69.12
69.26-79.36
79.43-122.46

Case

Control

OR

p-value

95% CI

45
32
14
9

5
18
36
41

41
8.099
1.772
1

< 0.0001
< 0.0001
0.3421
-

12.693-132.44
3.214-20.411
0.6853-4.580
-

OR, odds ratio; CI, confidence interval.

individuals included in this study was 76 µg/L (range, 42 to
162 µg/L) and Cu level was 1,128 µg/L (range, 605 to
1,972 µg/L).

Odds ratio

15

10

1. Se levels in PaCa patients compared to control subjects
5

0

40

50

60
70
80
Selenium level (µg/L)

90

100

Fig. 1. The probability curve of developing pancreatic cancer (odds ratio) for selenium levels (µg/L) shown for a
sliding window approach (window size, 30 observations).
Values above that line indicate an increased probability,
values below indicate a decreased probability of developing pancreatic cancer. The reference proportion is 1:1 for
the whole series (odds ratio 1, dotted grey line). A Lowessregression was applied to these calculated data points to
estimate the underlying probability curve. Note that the
odds ratio scale is not proportional: e.g., a 10-fold
increased probability of developing pancreatic cancer corresponds to odds ratio 10, while a 10-fold decreased probability corresponds to odds ratio 0.1.

average Se level was 76 µg/L (range, 43 to 110 µg/L); Cu,
1,098 µg/L (range, 695 to 1,683 µg/L). The mean Se level
among PaCa patients was 60 µg/L (range, 29 to 122 µg/L)
and the mean Cu level was 1,432 µg/L (range, 764 to 2,901
µg/L). In the PaCa group, the mean serum Se level was 59
µg/L for women (range, 29 to 88 µg/L), 61 µg/L for men
(range, 33 to 122 µg/L) and Cu level was 1,524 µg/L for
women (range, 858 to 2,901 µg/L) and 1,369 µg/L for men
(range, 764 to 2,449 µg/L). The average Se level among the
group of healthy participants analyzed was 77 µg/L for
women (range, 43 to 110 µg/L), 75 µg/L for men (range, 45
to 103 µg/L) and mean Cu level was 1,206 µg/L for women
(range, 695 to 1,683 µg/L) and 1,039 µg/L for men (range, 740
to 1,421 µg/L). The average concentration of Se in the 480

When the results were split into quartiles, a significant difference in the frequency of low Se level was observed in the
PaCa group compared to the matched control subjects and
inversely at the highest levels of Se the control group was
significantly different compared to the PaCa patient group
(Table 2, Fig. 1). The threshold point of Se concentration was
67,45 µg/L below which an increase in PaCa incidence was
observed, the lower levels of Se being associated with greater
risk of being diagnosed with PaCa. Comparison of the levels
of Se in each quartile showed an association of low serum Se
levels with an increased incidence of PaCa. Statistically significant differences in Se concentration were observed in
comparison of the quartiles with the lowest serum Se levels
(I, II) to the quartile with the largest number of healthy individuals (IV) (OR, 41; p < 0.0001 and OR, 8,099; p < 0.0001,
respectively).
2. Cu levels in PaCa patients compared to control subjects
A significant difference was observed between the concentration of Cu in PaCa patients compared to control subjects.
When divided into quartiles an unequivocal relationship
between high Cu levels and disease was observed whereas
few PaCa patients presented with low Cu values. In comparison of the quartiles with the highest concentrations of the
Cu ranges (III, IV) with the serum Cu value in the lowest category, a significant increase in the presence of PaCa was
observed (OR, 4.896; p=0.0004 and OR, 26; p < 0.0001, respectively) (Table 3, Fig. 2). The threshold point of Cu concentration was 1,214.58 µg/L for an increase in PaCa incidence, the
higher levels of Cu being associated with greater risk of
being diagnosed with PaCa. There were also a substantial
proportion of patients with average to above average levels
of Cu.
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Table 3. Incidence of the PaCa and serum copper (Cu) levels in analyzed quartiles
Quartile

Cu level (µg/L)

Case

Control

OR

p-value

I
II
III
IV

101.97-1,025.88
1,027.88-1,182.28
1,187.60-1,448.68
1,453.79-2,901.35

11
16
29
44

39
34
21
6

1
1.668
4.896
26

0.3678
0.0004
< 0.0001

95% CI
0.681-4.084
2.043-11.731
8.791-76.897

PaCa, pancreatic cancer; OR, odds ratio; CI, confidence interval.

sidered to be associated with disease and anything lower was
not. With an increasing Cu:Se ratio we did observe a greater
degree of PaCa incidence compared to the lowest quartile
(OR, 3.143; p=0.0479; OR, 10,127; p < 0.0001; and OR, 691.46;
p < 0.0001) (Table 4). The threshold point of the Cu:Se was
17.97 (Fig. 3) for an increase in cancer occurrence. The greater
the ratio of the two micronutrients the greater the probability
of being diagnosed with PaCa.

Odds ratio

15

10

5

0
800

1,000

1,200 1,400 1,600
Copper level (µg/L)

1,800

2,000

Fig. 2. The probability curve of developing pancreatic cancer (odds ratio) for copper levels (µg/L) shown for a sliding window approach (window size, 30 observations).
Values above that line indicate an increased probability,
values below indicated a decreased probability of developing pancreatic cancer. The reference proportion is 1:1
for the whole series (odds ratio 1, dotted grey line). A
Lowess-regression was applied to these calculated data
points to estimate the underlying probability curve. Note
that the odds ratio scale is not proportional: e.g., a 10-fold
increased probability of developing pancreatic cancer corresponds to odds ratio 10, while a 10-fold decreased probability corresponds to odds ratio 0.1.

4. Prognosis of PaCa patients appears dependent on serum
Se concentration
The average time of survival in the study group of 100
patients with PaCa amounted to 9 months (range, < 1 months
to > 60 months). In patients with PaCa in the low range
of concentrations of Se (average, < 63.67 µg/L), the median
survival time was 6 months, while in patients with higher
levels of Se in the blood (average, > 63.67 µg/L), the median
survival time was 11 months. There appears to be a positive
relationship between increasing survival time and Se concentration as depicted by the regression lines, but the observation was not statistically significant (generalized linear model
adjusted for age, sex, pack-years, and survival status,
p=0.0820) (Fig. 4).

Discussion
3. Cu:Se ratio in PaCa patients compared to control subjects
Given that the most significant results were observed for
Se, followed by Cu, we decided to investigate whether there
was any relationship between lower levels of anti-oxidant Se
compared to higher levels of Cu by examining the Cu:Se. The
average ratios for Cu:Se assessed from cohorts of 480 participants was 15.01 (range, 7.23 to 34.19).
Examination of the ratio of Cu:Se showed a much stronger
association between patients with PaCa compared to control
subjects (Fig. 3). To determine the effect of high Cu:Se ratio
we used the population average for each element as a cutoff. Anything greater than the population average was con-
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The relationship between reactive oxygen species (ROS)
and disease is well established and the role of Se is recognized as one of the more important micronutrients in the
amelioration of ROS. Systematic studies aimed at understanding the protective effects of anti-oxidants in disease,
including PaCa, have been conducted, as this is an attractive
model in terms of pointing towards agents that can be
administered safely to reduce disease development and/or
progression.
Examination of Cu and particularly Cu:Se ratio in patients
with PaCa revealed some surprising results. The data presented herein indicate that higher Cu levels are significantly
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Table 4. Cu:Se ratio and incidence of PaCa
Quartile

Cu:Se ratio

Case

Control

I
II
III
IV

1.51-14.05
14.06-16.72
16.79-24.20
24.44-56.55

6
15
29
50

44
35
21
0

OR

p-value

95% CI

1
3.143
10.127
691.46

0.0479
< 0.0001
< 0.0001

1.104-8.945
3.646-28.126
37.847-12,633

Cu:Se, ratio of copper to selenium levels; PaCa, pancreatic cancer; OR, odds ratio; CI, confidence interval.

30

Odds ratio

25
20
15
10
5
0

10

15
20
25
Ratio of copper to selenium

30

Fig. 3. The probability curve of developing pancreatic cancer (odds ratio) for the ratio of copper to selenium levels
shown for a sliding window approach (window size:
30 observations). Values above that line indicate an
increased probability, values below indicate a decrease
probability of developing pancreatic cancer. The reference
proportion is 1:1 for the whole series (odds ratio 1, dotted
grey line). A lowess-regreesion was applied to these calculated data points to estimate the underlying probability
curve. Note that the odds ratio scale is not proportional:
e.g., a 10-fold increased probability of developing pancreatic cancer corresponds to odds ratio 10, while a 10-fold
decreased probability corresponds to odds ratio 0.1. For
highest proportions of copper to selenium, where there
are no controls, just cases, for the overlapping windows
odds ratio was conservatively estimated to be the same as
the last calculated odds ratio. Such odds ratios were
marked with a grey color in the graphic to avoid confusion.

more common in patients with PaCa compared to healthy
age-matched control subjects. A recent genome-wide association study demonstrated an unequivocal association of SELENBP1 (selenium binding protein 1, a key protein involved
in blood Cu metabolism), with Se metabolism, however it
has not been associated with other trace elements [16]. The

result of this study suggests that there is a relationship
between Cu and Se, the precise nature of which remains to
be described. For consideration of any potential relationship
between Cu, Se, and PaCa, we examined the ratio of Cu:Se
and found an even greater association between higher Cu to
Se ratios and cancer than that observed for only higher Cu
levels. This result suggests that there is an association
between Cu and Se which may be mediated by the protein
product of SELENBP1. Currently little is known about this
protein and it awaits further characterization of its role
beyond Se binding.
In general, little is known about the interaction between Se
and Cu at the molecular level. Perhaps common ground in
the relationship between the two trace elements is the interaction between the changes among the so-called oxidative
stress genes, proteins encoded by them and trace elements
such as Cu, Se, or Zn. Overproduction of reactive oxygen and
nitrogen species and oxidative stress have been implicated
in the pathogenesis of PaCa [17]. Reactive oxygen and nitrogen species are generated during endogenous oxidative
stress that is linked to the pancreatic renin-angiotensin system [18] or exogenous oxidative stress caused by environmental or lifestyle-related xenobiotics, which is allied with
the detoxification system [19].
The inverse association between Se concentration and
PaCa incidence is well established [20] and suggests that Se
plays a significant role in ameliorating the effects of ROS. The
results of studies conducted in Spain on a patient group of
similar size (n=118) showed an association of high concentrations of toenail Se with the occurrence of exocrine PaCa
(OR, 0.05; 95% CI, 0.02 to 0.15; p(trend)=8!10(-11)) [20]. The
association between PaCa and serum Se was also observed
in an earlier small study (22 cases of PaCa, 44 matched controls) conducted in the United States. In this report, the
association between incidence of PaCa and serum Se levels
was significant when the data were analyzed as a whole, but
its effect was observed principally in men (OR, 12.5; 95% CI,
1.78 to 84.0) and almost none among the women (OR, 1.2; CI,
0.56 to 2.53). Lower mean serum levels of Se were observed
in cases (1.29±0.04 µmol/L) than in control subjects (1.42±0.03
µmol/L) and this difference was significant (0.01 < p < 0.025)
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Fig. 4. The relationship between survival time and selenium (Se) blood plasma level among pancreatic cancer patients (separated for patients still alive and already deceased) is depicted as two regression lines (with confidence intervals shown in
gray). Higher Se values seem to be associated with increasing survival time; however, this association is not significant (generalized linear model adjusted for age, sex, pack-years, and survival status, p=0.0820).

[21]. A non-significant difference in serum Se level was
observed in an Iranian study conducted among 80 PaCa
patients (cases, 9.25 µg/dL; controls, 10.06 µg/dL) [22]. Our
results are consistent with the observation that a low level of
Se is a characteristic of patients with PaCa.
The role of Se in protecting against other diseases of the
pancreas remains controversial with some studies suggesting
a protective effect and others suggest at best no effect and
possibly an increased risk of disease [13]. Of note, in many
studies conducted outside of Poland there are relatively high
base-line levels of Se, which may render any supplementation at best useless but more likely harmful.
Particularly intriguing is our finding that high Cu levels
appear to be associated with PaCa. This finding, which is
inversely related to Se levels, suggests that high Cu:Se ratios
may result in higher levels of ROS that impact on the risk of
developing and/or progression of PaCa. Cu is associated
with ROS production [23] and Se, as a selenoprotein, acts to
mitigate the effects of excessive ROS. Given that the Cu:Se
was consistently greater in PaCa patients compared to agematched control subjects suggests that the Cu:Se may be
associated with high levels of ROS exposure that predispose
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susceptible patients to the development and/or progression
of disease. This evidence ties in with recent studies examining the mutational landscape in PaCa, where there appears
to be a breakdown in DNA repair making pancreatic cells
exquisitely sensitive to DNA damaging agents, particularly
ROS [1].
So far, a statistically significant increase in serum Cu level
among patients suffering from PaCa was reported in a casecontrol study conducted among 50 PaCa patients with Greek
origin. In this study, the average serum Cu level among
32 male PaCa patients was 171 g/100 mL and 137 g/100 mL
among 34 healthy men. Among 18 women with PaCa the
average serum Cu level was 165 g/100 mL and 137 g/100
mL among 29 healthy women [24]. In these studies, the
authors probably rightly point to the potential diagnostic
value of this observation. A non-significant difference in
serum Cu levels (cases, 87.14 µg/dL; controls, 91.17 µg/dL)
was observed in an Iranian study conducted among 80 PaCa
individuals with PaCa and group of 100 healthy participants
[22]. In light of our observations, the results suggest that
determination of both the level of Se and Cu could be a good
supplementary laboratory test for the current diagnosis of
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PaCa. This report also shows a high serum Cu level as a
potential factor in development and/or progression of PaCa
in the Polish population.
Thus far, one prospective study showed an association of
high levels of Se, vitamins C and E with a reduced risk of
PaCa (HR, 0.33; p < 0.05). This prospective study demonstrated that higher intakes of Se (and vitamin E), reduced the
risk of PaCa by at least 40% [25].
Low levels of Se and high levels of Cu observed in our retrospective study of samples of PaCa patients cannot be
treated as a marker for the risk of PaCa. When the serum Se
level is examined in patients with newly diagnosed cancers
the results can be influenced by the tumor itself. Therefore,
retrospective case-control studies are not suitable to conclude
that low Se levels are the cause of disease, although such
studies can be valuable in determining whether Se levels
may be used as a useful marker in the selection of patients
for disease surveillance. The level of these micronutrients
should rather be regarded as PaCa patients’ lab status not
the causal explanation for cancer development. As we
observed, a low level of Se/high Cu in patients with PaCa
can be considered as a potential diagnostic marker indicative
of the neoplastic process and not as a risk marker or a direct
cause of cancer. However, it cannot exclude the possibility
that micronutrients (Se, Cu) lab status of PaCa patients may
affect the development of PaCa. In our study, we observed a
longer survival (on the border of statistical significance) for
patients with PaCa and a high level of Se compared to subjects with cancer of the pancreas and low level of Se
(medium, 11 months vs. 6 months). Therefore, it cannot be
excluded that the level of Se may be a prognostic marker in
PaCa. The level of Se was far from optimal among the PaCa
patients we examined, however, a longer survival time was
observed even in patients whose levels of Se showed higher
values. This observation must be verified in a larger series of
PaCa cases, but if related to the results of prospective studies,
it is not surprising. Data from meta-analysis of 49 prospective
studies have also confirmed a reduction in cancer mortality
by 45% in persons with an optimized Se concentration [11].
In our retrospective study, we observed that PaCa prolonged
survival only in patients with higher levels of Se, but this
observation is part of an overall favorable view of the importance of Se in the prevention of cancer in general. However,
these data can suggest the potentially preferred meaning of
chemoprevention of Se in populations with low levels of
Se, which include the Polish population (mean level of Se in
serum 70 µg/L).
There are several limitations to our study. Perhaps the
most important limitation of our case-control study is that
the Se and Cu and copper measurements for cases were
made after the diagnosis of PaCa, although before therapy.
It is possible that the low levels of Se and high levels of Cu

detected could be a consequence of disease. If this is the case,
then a low Se/high Cu level could potentially be a marker of
progression rather than just a risk factor. The sample size in
our study is relatively small but the associations for Se and
Cu levels were strong and highly significant. The cases and
controls were matched for smoking status and it is therefore
unlikely that the association could be confounded by smoking, but it is possible that another confounding variable could
introduce bias. Se levels could be affected by arsenic level,
which is known to be present in cigarette smoke. However,
since the cases have been matched with controls for smoking
status (expressed in pack-years) and the arsenic content of
the cigarettes is controlled by World Health Organization
(WHO) guidelines, the effects have been mitigated as much
as possible.

Conclusion
This retrospective study suggests that low levels of Se and
high levels of Cu may affect PaCa development. The results
of our retrospective study support an inverse association of
lower levels of Se and an increased probability of PaCa and
indicate an association between higher serum Cu levels with
disease. The determination of Se and Cu in the blood serum
can complement conventional procedures used in diagnosis
of PaCa as an additional laboratory marker. In addition, it
appears that a higher level of Se is associated with longer survival in patients with PaCa. While our findings need to be
replicated in other independent studies, they suggest a role
of Se and Cu as markers in diagnosis of PaCa and possible
development. Unquestionably, prospective cohort studies
will be required to elucidate the use of Se and Cu measurements as markers of risk of PaCas. Currently it seems that
determining the level of Se and Cu can be a marker for
selection for control examinations in surveillance as a valuable complement to existing diagnostic procedures.
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The Overexpression of CCAR1 in Hepatocellular Carcinoma Associates
with Poor Prognosis

Purpose
Cell division cycle and apoptosis regulator 1 (CCAR1) plays a dynamic role in regulation of
cell growth and apoptosis by serving as a cofactor of steroid/thyroid nuclear receptors, !catenin, and p53 in a variety of cell types including different cancer cells. However, whether
CCAR1 protein is overexpressed in hepatocellular carcinoma (HCC) and the prognostic significance of CCAR1 protein expression in HCC have not been reported.
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Materials and Methods
In 167 HCC patients with long-term follow-up, CCAR1 protein expression was examined by
immunohistochemistry.
Results
High CCAR1 protein expression was observed in 149 of the 167 HCC cases (89.2%) and
showed significant correlation with microvascular invasion, intrahepatic metastasis, higher
American Joint Committee on Cancer (AJCC) T stage, and early recurrence. High CCAR1
expression showed an unfavorable effect on recurrence-free survival (RFS) (p=0.002). In
subgroup analysis, among patients with "-fetoprotein # 20 ng/mL (n=54) and patients with
AJCC T stage 1 (n=62), significant differences in RFS were observed between high CCAR1
expression groups and low CCAR1 expression groups (p=0.015 and p=0.004, respectively).
High CCAR1 expression tended to be an independent predictor of shorter RFS (p=0.054)
and showed an unfavorable effect on overall survival (OS) (p=0.015). In subgroup analysis,
among patients with "-fetoprotein # 20 ng/mL (n=54), significant difference in OS was
observed between high CCAR1 expression group and low CCAR1 expression group
(p=0.046).
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Conclusion
CCAR1 protein could be a potential biomarker predicting RFS in HCC patients after curative
hepatectomy. In addition, CCAR1 had prognostic values in HCC patients with normal serum
"-fetoprotein levels or early stage HCC.

Introduction
In spite of improvements in surveillance and clinical treatment strategies, the overall survival (OS) of hepatocellular
carcinoma (HCC) patients is unsatisfactory due to the high
incidence of tumor recurrence and metastasis even after

│ http://www.e-crt.org │
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CCAR1, Hepatocellular carcinoma, Prognosis

hepatectomy and lack of effective adjuvant therapy [1,2].
Identification of reliable biomarkers that can be used in
prediction of tumor recurrence or prognosis of HCC patients
ensures more effective clinical management after curative
hepatectomy [3].
Cell division cycle and apoptosis regulator 1 (CCAR1) was
originally identified as a peri-nuclear phospho-protein
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reguired for apoptosis signaling by chemotherapy drugs
adriamycin and etoposide independent of the p53 status of
the human breast cancer cells [4]. Human CCAR1 gene is
located on chromosome 10q21-10q22. CCAR1 plays a
dynamic role in regulation of cell growth and apoptosis by
serving as a cofactor of steroid/thyroid nuclear receptors,
!-catenin, and p53 in a variety of cell types including different cancer cells [5,6]. Kim et al. [7] reported that CCAR1
promoted growth of MCF-7 human breast cancer cells in
response to estradiol treatment. A recent study showed that
CCAR1 was required for growth of prostate cancer cells in
part by functioning as a coactivator of androgen receptor
transcription [8]. Another study reported that CCAR1 was a
binding partner of !-catenin and mediated anchorage independent growth of colon cancer cells [9]. However, whether
CCAR1 protein is overexpressed in HCC and the prognostic
significance of CCAR1 protein expression in HCC have not
been reported.
In 167 HCC patients with long-term follow-up, CCAR1
protein expression was examined by immunohistochemistry
to determine whether this protein can serve as a prognostic
predictor.

Materials and Methods
1. Study subjects
HCC tissues from 167 patients who underwent curative
hepatectomy from July 2000 to May 2006 at Samsung Medical Center, Seoul, Korea were analyzed. Curative resection
was defined as complete resection of all tumor nodules with
clear microscopic resection margins and no residual tumors,
as indicated by a computed tomography scan 1 month after
surgery. All tumor tissues were histologically confirmed.
None of the patients received preoperative or postoperative
chemotherapy. This study was approved by the Institutional
Review Board of Samsung Medical Center. Tumor stages
were classified according to both the American Joint Committee on Cancer (AJCC) staging system [10] and Barcelona
Clinic Liver Cancer (BCLC) staging classification [11]. Intrahepatic metastasis and multicentric occurrence were defined
according to the previously reported criteria [12]. Using
2 years as the cut off, tumor recurrence was classified as
either early recurrence or late recurrence [13]. Tumor tissue
microarrays were produced as described previously [14].
Two 2-mm cores were taken from paraffin blocks of each
specimen.
All patients were followed up every 3 months after surgery
and serum "-fetoprotein levels were assessed and three
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phase dynamic computed tomography scans or magnetic
resonance imaging were performed. The median follow-up
period was 119.1 months (range, 24.0 to 151.4 months) for
survivors. Recurrence-free survival (RFS) was defined from
the date of surgery until the date of tumor recurrence, metastasis, or last follow-up. OS was defined from the date of surgery until the date of death or last follow-up. HCC-related
death was defined as: (1) tumor occupying more than 80%
of the liver, (2) portal venous tumor thrombus proximal to
the second bifurcation, (3) obstructive jaundice due to the
tumor, (4) distant metastases, or (5) variceal hemorrhage
with portal venous tumor thrombus proximal to the first
bifurcation [15]. Hepatic failure was defined as the inability
of the liver to perform its normal synthetic and metabolic
function as part of normal physiology [16].
2. Immunohistochemical analysis
Immunohistochemistry was performed as previously
described [14]. Epitope retrieval was performed with 0.01
mol/L citrate buffer at pH 6.0 for 30 minutes in a pressure
cooker. The sections were incubated with rabbit polyclonal
antibody to CCAR1 (HPA007856, 1:100, Sigma-Aldrich Inc.,
St. Louis, MO) for 60 minutes at room temperature. To validate the concordance between tissue microarrays and whole
tumor sections, CCAR1 expression was also detected for 40
corresponding whole tumor sections randomly chosen from
the 167 cases. In negative controls, pre-immune rabbit serum
was used to substitute for the primary antibody. Positive
controls (human normal kidney) showed nuclear CCAR1
expression in epithelial cells of convoluted tubules.
Immunoreactivity was evaluated independently by two
blinded pathologists (C.-K.P. and S.Y.H.). Nearly homogeneous nuclear immunostaining with moderate staining
intensity was observed. To determine CCAR1 protein
expression, the percentage of tumor cells with positive staining was scored from 0% to 100% and each sample was rated
from 0 to 4 (0, < 5%; 1, 5%-25%; 2, 26%-50%; 3, 51%-75%; and
4, > 75%). Duplicate tissue cores for each tumor showed high
levels of homogeneity for the proportion of tumor cells with
positive staining.
3. Statistical analysis
Statistical analyses were performed using SPSS ver. 18
(SPSS Inc., Chicago, IL). The chi-square test or Fisher exact
test was used to examine possible correlations between
CCAR1 expression and clinicopathologic factors. A logistic
regression analysis was used to predict tumor recurrence.
Survival curves were constructed using the Kaplan-Meier
method, and differences in survival were evaluated using a
log-rank test. Univariate and multivariate analyses of sur-
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Table 1. Correlation between CCAR1 expression and the
clinicopathologic features in 167 hepatocellular carcinomas
Variable
Age (yr)
! 55
> 55
Sex
Female
Male
Tumor size (cm)
! 5.0
> 5.0
Edmondson grade
I
II
III
Microvascular invasion
(–)
(+)
Major portal vein invasion
(–)
(+)
Intrahepatic metastasis
(–)
(+)
Multicentric occurrence
(–)
(+)
AJCC T stage
1
2
3
4
BCLC stage
0-A
B
C
Albumin level (g/dL)
> 3.5
! 3.5
AFP level (ng/mL)a)
! 200
> 200
Etiology
Non-viral
HBV
HCV
Liver cirrhosis
(–)
(+)

No.

CCAR1 high
expression

94
73

86 (91.5)
63 (86.3)

0.284

28
139

26 (92.9)
123 (88.5)

0.741

96
71

86 (89.6)
63 (88.7)

0.861

13
116
38

11 (84.6)
101 (87.1)
37 (97.4)

0.608

65
102

52 (80.0)
97 (95.1)

0.002

158
9

140 (88.6)
9 (100)

0.599

116
51

99 (85.3)
50 (98.0)

0.015

162
5

145 (89.5)
4 (80.0)

0.439

62
68
35
2

50 (80.6)
62 (91.2)
35 (100)
2 (100)

0.017

81
76
10

73 (90.1)
66 (86.8)
10 (100)

0.608

142
25

124 (87.3)
25 (100)

0.078

92
69

79 (85.9)
64 (92.8)

0.170

22
130
15

18 (81.8)
117 (90.0)
14 (93.3)

0.540

79
88

70 (88.6)
79 (89.8)

0.808

p-value

Table 1. Continued
Variable
Early recurrence (! 2 yr)
(–)b)
(+)
Late recurrence (> 2 yr)
(–)b)
(+)

No.

CCAR1 high
expression

45
98

34 (75.6)
93 (94.9)

0.001

45
24

34 (75.6)
22 (91.7)

0.121

p-value

Values are presented as number (%). CCAR1, cell division
cycle and apoptosis regulator 1; AJCC, American Joint
Committee on Cancer; BCLC, Barcelona Clinic Liver Cancer; AFP, !-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C virus. a)Partial data were not available, b)No early
or late recurrence.

vival were performed using the Cox proportional hazards
regression model. Factors with prognostic significance in the
univariate analysis were included in the subsequent multivariate analysis. A p-value of < 0.05 was considered to indicate statistical significance.

Results
1. Clinicopathologic patient characteristics
The study included 139 men and 28 women with an
average age of 52.5 years (range, 17 to 76 years). The adjacent
non-tumor liver had liver cirrhosis in 88 cases (52.7%)
(Table 1). Tumor recurrence was detected in 122 patients
(73.1%), early recurrence in 98 patients (58.7%), and late
recurrence in 24 patients (14.4%). Seventy-two patients
(43.1%) died of HCC. Of the 86 deaths, 14 were due to nonHCC causes. Eight of these 14 deaths were due to hepatic
failure, five were due to non-hepatic causes, and one was due
to unknown cause.
2. CCAR1 protein expression in HCC
In HCC, immunoreactivity for CCAR1 was observed in the
nucleus of tumor cells with moderate staining intensity.
No immunoreactivity was found in normal hepatocytes.
In normal livers, weak CCAR1 immunoreactivity was
observed in the nucleus of bile duct epithelial cells, Kupffer
cells, and lymphocytes. CCAR1 immunoreactivity was
graded as low (0%-50% stained tumor cells regardless of
VOLUME 48 NUMBER 3 JULY 2016
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staining intensity) or high expression (> 50% stained tumor
cells). High CCAR1 immunoreactivity was observed in
149 of the 167 HCC cases (89.2%) (Fig. 1). High CCAR1
expression showed significant correlation with microvascular invasion (p=0.002), intrahepatic metastasis (p=0.015), and
higher AJCC T stage (p=0.017). High CCAR1 expression
showed significant correlation with early recurrence
(p=0.001), but not with late recurrence (p=0.121) (Table 1).
3. Prediction of early recurrence in HCC

Fig. 1. Immunostaining of cell division cycle and apoptosis regulator 1 in hepatocellular carcinoma shows
high nuclear immunoreactivity (horseradish peroxidase
stain, !200).

In univariate analysis, early recurrence showed significant
correlation with microvascular invasion (p < 0.001), intrahepatic metastasis (p < 0.001), higher AJCC T stage (p < 0.001),
higher BCLC stage (p=0.002), lower albumin level (p=0.049),
viral etiology (p=0.001), and high CCAR1 expression
(p=0.002). To avoid potential bias, because AJCC T stage and
BCLC stage were associated with vascular invasion, multiple
analyses with these variables were not performed. The significance of serum !-fetoprotein level was not evaluated
because of missing data (n=161). In multivariate analysis,
intrahepatic metastasis (p=0.010) and viral etiology (p=0.019)
were independent predictors of early recurrence (Table 2).

Table 2. Univariate and multivariate logistic regression models for predicting early tumor recurrence in 143 hepatocellular
carcinomas
Variable
Age (> 55 yr vs. " 55 yr)
Sex (male vs. female)
Tumor size (> 5.0 cm vs. " 5.0 cm)
Edmondson grade (III vs. I+II)
Microvascular invasion (yes vs. no)
Major portal vein invasion (yes vs. no)
Intrahepatic metastasis (yes vs. no)
Multicentric occurrence (yes vs. no)
AJCC T stage (2+3+4 vs. 1)
BCLC stage (B+C vs. A+0)
Albumin level
(" 3.5 g/dL vs. > 3.5 g/dL)
AFP levela)
(> 200 ng/mL vs. " 200 ng/mL)
Etiology (viral vs. non-viral)
Liver cirrhosis (yes vs. no)
CCAR1 expression (high vs. low)

Univariate model
Coefficient

OR (95% CI)

–0.285
–0.588
0.734
0.565
1.645
1.364
2.557
0.329
1.675
1.182
1.278

0.752 (0.370-1.528)
0.556 (0.192-1.605)
2.083 (0.998-4.347)
1.759 (0.727-4.255)
5.182 (2.418-11.104)
3.911 (0.474-32.256)
12.902 (3.747-44.430)
1.389 (0.141-13.738)
5.337 (2.474-11.514)
3.262 (1.561-6.818)
3.590 (1.008-12.784)

0.000

1.000 (0.997-1.002)

1.664
0.663
1.795

5.281 (1.937-14.403)
1.940 (0.943-3.993)
6.018 (1.948-18.587)

Multivariate model
p-value

Coefficient

OR (95% CI)

p-value

0.865
1.787
1.294

2.376 (0.943-5.987)
5.971 (1.533-23.249)
3.646 (0.862-15.421)

0.067
0.010
0.079

0.949

-

-

-

0.001
0.072
0.002

1.371
0.945

3.938 (1.258-12.323)
2.573 (0.716-9.247)

0.019
0.147

0.431
0.278
0.050
0.210
< 0.001
0.205
< 0.001
0.778
< 0.001
0.002
0.049

OR, odds ratio; CI, confidence interval; AJCC, American Joint Committee on Cancer; BCLC, Barcelona Clinic Liver Cancer;
AFP, !-fetoprotein; CCAR1, cell division cycle and apoptosis regulator 1. a)Partial data were not available, and statistics were
based on the available data.
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Table 3. Univariate analyses of recurrence-free survival and overall survival in 167 hepatocellular carcinomas
Variable
Age (> 55 yr vs. ! 55 yr)
Sex (male vs. female)
Tumor size (> 5.0 cm vs. ! 5.0 cm)
Edmondson grade (III vs. I+II)
Microvascular invasion (yes vs. no)
Major portal vein invasion (yes vs. no)
Intrahepatic metastasis (yes vs. no)
Multicentric occurrence (yes vs. no)
AJCC T stage (2+3+4 vs. 1)
BCLC stage (B+C vs. 0+A)
Albumin level (! 3.5 g/dL vs. > 3.5 g/dL)
AFP levela) (> 200 ng/mL vs. ! 200 ng/mL)
Etiology (viral vs. non-viral)
Liver cirrhosis (yes vs. no)
CCAR1 expression (high vs. low)

Recurrence-free survival
HR (95% CI)
0.851 (0.593-1.219)
0.840 (0.533-1.322)
1.653 (1.156-2.363)
1.384 (0.915-2.092)
2.470 (1.677-3.638)
2.572 (1.250-5.291)
3.680 (2.516-5.381)
1.309 (0.481-3.560)
2.531 (1.707-3.752)
2.084 (1.452-2.992)
1.870 (1.175-2.976)
1.493 (1.038-2.147)
2.680 (1.357-5.292)
1.293 (0.902-1.853)
3.192 (1.483-6.872)

p-value
0.378
0.451
0.006
0.124
< 0.001
0.010
< 0.001
0.598
< 0.001
< 0.001
0.008
0.031
0.005
0.162
0.003

Overall survival
HR (95% CI)
1.005 (0.657-1.535)
1.297 (0.719-2.341)
2.143 (1.402-3.277)
1.542 (0.956-2.487)
3.324 (2.010-5.497)
4.121 (1.968-8.629)
4.995 (3.235-7.711)
1.157 (0.366-3.664)
3.579 (2.123-6.034)
2.937 (1.874-4.603)
2.612 (1.576-4.328)
1.291 (0.840-1.985)
1.576 (0.789-3.145)
0.924 (0.605-1.410)
3.250 (1.191-8.870)

p-value
0.983
0.388
< 0.001
0.076
< 0.001
< 0.001
< 0.001
0.804
< 0.001
< 0.001
< 0.001
0.244
0.197
0.713
0.021

HR, hazard ratio; CI, confidence interval; AJCC, American Joint Committee on Cancer; BCLC, Barcelona Clinic Liver Cancer;
AFP, !-fetoprotein; CCAR1, cell division cycle and apoptosis regulator 1. a)Partial data were not available, and statistics were
based on the available data.

4. Association between CCAR1 expression and prognosis
of HCC patients
The RFS and OS rates for 167 HCC patients were 35.7%
and 71.7% at 3 years, 32.0% and 60.7% at 5 years, 27.1% and
51.1% at 7 years, and 26.0% and 46.6% at 9 years, respectively. In univariate analysis, larger tumor size, microvascular invasion, major portal vein invasion, intrahepatic
metastasis, higher AJCC T stage, higher BCLC stage, and
lower albumin level showed unfavorable effects on both RFS
and OS. Higher !-fetoprotein level and viral etiology showed
unfavorable effects on RFS. High CCAR1 expression showed
unfavorable effects on both RFS and OS (Table 3).
The 5-year RFS rate of the high CCAR1 expression group
was significantly lower than that of the low CCAR1 expression group (27.1% vs. 72.2%) (p=0.002) (Fig. 2A). The mean
RFS was 42.5 months for the high CCAR1 expression group
and 100.9 months for the low CCAR1 expression group.
In subgroup analysis, among patients with !-fetoprotein
! 20 ng/mL (n=54) and patients with AJCC T stage 1 (n=62),
significant differences in RFS were observed between high
CCAR1 expression groups (n=41 and n=50, respectively) and
low CCAR1 expression groups (p=0.015 and p=0.004, respectively) (Fig. 2B and C). In further analysis, among patients
with tumor size ! 5.0 cm (n=96), no significant difference in
RFS was observed between high CCAR1 expression group
(n=86) and low CCAR1 expression group (p=0.189) (Fig. 2D).

The 5-year OS rate of the high CCAR1 expression group
was significantly lower than that of the low CCAR1 expression group (58.0% vs. 83.3%) (p=0.015) (Fig. 3A). The mean
OS was 86.9 months for the high CCAR1 expression group
and 126.1 months for the low CCAR1 expression group. In
subgroup analysis, among patients with !-fetoprotein ! 20
ng/mL (n=54), significant difference in OS was observed
between high CCAR1 expression group (n=41) and low
CCAR1 expression group (p=0.046) (Fig. 3B). In further
analysis, among patients with AJCC T stage 1 (n=62), the
high CCAR1 expression group (n=50) tended to show an
unfavorable effect on OS (p=0.089) (Fig. 3C). Among patients
with tumor size ! 5.0 cm (n=96), no significant difference in
OS was observed between high CCAR1 expression group
(n=86) and low CCAR1 expression group (p=0.448) (Fig. 3D).
In multivariate analysis, intrahepatic metastasis and lower
albumin level were independent predictors of both shorter
RFS and shorter OS. Viral etiology was an independent predictor of shorter RFS. High CCAR1 expression tended to be
an independent predictor of shorter RFS (p=0.054), but not
shorter OS (p=0.348). Patients with high CCAR1 expression
were more likely to suffer from recurrence than those with
low CCAR1 expression (hazard ratio, 2.184) (Table 4).
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Fig. 2. Kaplan-Meier survival curves showing recurrence-free survival among all patients (A), patients with -fetoprotein
(AFP)  20 ng/mL (B), patients with American Joint Committee on Cancer (AJCC) T stage 1 (C), and patients with tumor
size  5.0 cm (D) according to the cell division cycle and apoptosis regulator 1 expression.

Discussion
CCAR1 plays important roles in regulation of cancer cell
growth in part by recruiting multiple mediators and confers
optimal conformation for transcriptional functions of nuclear
receptors [7-9]. Apoptosis induction by CCAR1 involves its
binding with 14-3-3 protein and down-regulation of cell
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growth and cell cycle regulators c-Myc, topoisomerase II,
cyclin B, and p21 Rac1 [4]. Diminished expression of CCAR1
in human breast cancers involved methylation-dependent
gene silencing associated with hypermethylation of CCAR1
promoter [17]. CCAR1 functional mimetics (CFMs) are novel
small molecule inhibitors of CCAR1 interaction with
anaphase promoting complex/cyclosome [18]. CFMs promote apoptosis in a manner independent of p53. CFMs are
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Fig. 3. Kaplan-Meier survival curves showing overall survival among all patients (A), patients with -fetoprotein (AFP)
 20 ng/mL (B), patients with American Joint Committee on Cancer (AJCC) T stage 1 (C), and patients with tumor size  5.0
cm (D) according to the cell division cycle and apoptosis regulator 1 expression.

potent inhibitors of a variety of cancer cells including drug
(adriamycin or tamoxifen)–resistant breast cancer cells but
not immortalized breast epithelial cells in part by activating
apoptosis signaling and diminishing the levels of key cell
cycle regulatory proteins [18,19].
This study demonstrates, for the first time, that high
CCAR1 protein expression in HCC might be a marker of
shorter RFS after curative hepatectomy. High CCAR1 expres-

sion showed correlation with microvascular invasion, intrahepatic metastasis, and higher AJCC T stage, suggesting the
involvement of CCAR1 in the progression of HCC.
In the current study, tumor recurrence was detected in 35
of 54 patients (64.8%) with normal serum -fetoprotein levels
and in 36 of 62 patients (58.1%) with AJCC T stage 1. Within
these patient populations, high CCAR1 expression groups
showed unfavorable effects on RFS. Serum -fetoprotein is
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Table 4. Multivariate analyses of recurrence-free survival and overall survival in 167 hepatocellular carcinomas
Variable
Tumor size (> 5.0 cm vs. ! 5.0 cm)
Microvascular invasion (yes vs. no)
Major portal vein invasion (yes vs. no)
Intrahepatic metastasis (yes vs. no)
Albumin level (! 3.5 g/dL vs. > 3.5 g/dL)
Etiology (viral vs. non-viral)
CCAR1 expression(high vs. low)

Recurrence-free survival
HR (95% CI)
1.170 (0.770-1.777)
1.538 (0.945-2.501)
0.787 (0.361-1.718)
2.355 (1.461-3.794)
1.666 (1.032-2.690)
2.148 (1.071-4.308)
2.184 (0.986-4.833)

p-value
0.463
0.083
0.548
< 0.001
0.037
0.031
0.054

Overall survival
HR (95% CI)
1.131 (0.697-1.836)
1.784 (0.943-3.375)
1.262 (0.579-2.753)
3.349 (1.948-5.756)
2.765 (1.625-4.706)
1.646 (0.581-4.668)

p-value
0.617
0.075
0.558
< 0.001
< 0.001
0.348

HR, hazard ratio; CI, confidence interval; CCAR1, cell division cycle and apoptosis regulator 1.

an important predictor of HCC recurrence after surgery [20].
Identification of subpopulations with poor prognosis for
early stage HCC patients is critical to the optimization of personalized treatment. CCAR1 protein expression may be helpful in prediction of recurrence risk in patients with normal
serum !-fetoprotein levels and early stage HCC after curative
hepatectomy.
In addition, CCAR1 could be a promising therapeutic target for HCC. A nanolipid formulation of CFM-4 showed
superior bioavailability and inhibited growth of xenografted
triple-negative breast cancer and non-small cell lung cancer
in nude mice, when administered orally [19]. The absence of
CCAR1 protein expression in the normal liver enhances the
potential of CCAR1 as a treatment target in HCC. Current
treatment options for HCCs are limited, thus discovery and
development of molecules based on CCAR1 signaling could
yield novel tools for treatment of HCCs.

Conclusion
For the first time, the current study demonstrated that
CCAR1 protein could be a potential biomarker predicting
RFS in HCC patients after curative hepatectomy. In addition,
CCAR1 had prognostic values in HCC patients with normal
serum !-fetoprotein levels or early stage HCC. Patients with
high CCAR1 expression are considered candidates for adjuvant treatment after surgical resection. Further study is
needed to determine the underlying molecular mechanism
of CCAR1 in the development and progression of HCC.
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Purpose
We evaluated the role of adjuvant therapy in stage IIIA endometrioid adenocarcinoma
patients who underwent surgery followed by radiotherapy (RT) alone or chemoradiotherapy
(CTRT) according to risk group.
Materials and Methods
A multicenter retrospective study was conducted including patients with surgical stage IIIA
endometrial cancer treated by radical surgery and adjuvant RT or CTRT. Disease-free survival
(DFS) and overall survival (OS) were analyzed.
Results
Ninety-three patients with stage IIIA disease were identified. Nineteen patients (20.4%)
experienced recurrence, mostly distant metastasis (17.2%). Combined CTRT did not affect
DFS (74.1% vs. 82.4%, p=0.130) or OS (96.3% vs. 91.9%, p=0.262) in stage IIIA disease
compared with RT alone. Patients with age ! 60 years, grade G2/3, and lymphovascular
space involvement had a significantly worse DFS and those variables were defined as risk
factors. The high-risk group showed a significant reduction in 5-year DFS (! 2 risk factors)
(49.0% vs. 88.0%, p < 0.001) compared with the low-risk group (< 2). Multivariate analysis
confirmed that more than one risk factor was the only predictor of worse DFS (hazard ratio,
5.45; 95% confidence interval, 2.12 to 13.98; p < 0.001). Of patients with no risk factors,
a subset treated with RT alone showed an excellent 5-year DFS and OS (93.8% and 100%,
respectively).
Conclusion
We identified a low-risk subset of stage IIIA endometrioid adenocarcinoma patients who
might be reasonable candidates for adjuvant RT alone. Further randomized studies are
needed to determine which subset might benefit from combined CTRT.

Key words
Endometrial neoplasms, Adjuvant radiotherapy,
Adjuvant chemoradiotherapy
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Introduction

Materials and Methods

Stage IIIA endometrial cancer represents a wide range of
tumor involvement, including the uterine serosa, adnexa,
parametria, and peritoneal space, based on the staging system of the International Federation of Gynecology and
Obstetrics (FIGO) in 1988 [1-3]. This variability might have
an influence on survival for stage IIIA endometrial cancer.
In addition, the heterogeneity of histology, such as papillary
serous or clear cell carcinoma, makes it difficult to compare
outcomes between studies. This variability has led to a wide
range of 5-year overall survival (OS) rates for stage IIIA
endometrial cancer, varying from 39% to 76% [3-6].
The optimal adjuvant management for patients with
advanced endometrial cancer has yet to be defined, particularly for IIIA patients as incidence is low, representing only
2.6% of patients with endometrial cancer [7]. Radiotherapy
(RT) has traditionally been employed in advanced endometrial carcinoma to improve locoregional control [8,9]. Several
studies have evaluated the role of combined modality adjuvant therapy compared with a single modality in advanced
endometrial cancer and have suggested that combined
chemoradiotherapy (CTRT) can provide additional benefits
compared with computed tomography (CT) or RT alone
[10-13]. In contrast, a randomized study failed to show an
improvement in disease-free survival (DFS) and OS in
patients treated with combined CTRT compared with adjuvant RT alone for high-risk endometrial cancer [14]. Those
studies included only a small proportion of stage IIIA
patients. Thus, the effects of different adjuvant therapies for
stage IIIA endometrial cancer remain controversial. In addition, these previous studies involved a small portion of IIIA
populations, patient’s stage was determined based on the
1988 FIGO stage, and both endometriod and non-endometrioid adenocarcinoma were included.
The current study included a group of patients with stage
IIIA endometrioid adenocarcinoma with favorable histology
only, using the revised 2009 FIGO stage to overcome the
aforementioned variabilities. The revised FIGO IIIA, which
was published in 2009, excluded positive peritoneal cytology
alone and denoted parametrial involvement separately as
stage IIIB. Several studies have attempted to analyze risk factors for poor outcomes [1,5,6,9,15,16]; however, few studies
have evaluated the role of particular adjuvant therapies
according to risk group for revised 2009 FIGO stage IIIA diseases. Here, we evaluated survival outcomes according to
risk factors and sought to determine the benefit of combined
modality treatment after surgery in the high-risk subset of
stage IIIA patients.

All patients with stage IIIA endometrial cancer treated
with surgery, followed by adjuvant RT or combined CTRT,
in Korea between January 1990 and December 2011 were
evaluated. All patients were staged based on the revised 2009
FIGO criteria for endometrial cancer. Patients eligible for
analysis had endometrioid adenocarcinoma only.
Nineteen patients with non-endometrioid type adenocarcinoma, such as papillary serous, clear cell, adenosquamous,
or carcinosarcoma were excluded. In addition, five patients
with only positive peritoneal cytology, and those who
underwent adjuvant CT alone (n=3) or inadequate RT (n=2)
were also excluded. The remaining 93 stage IIIA patients
who underwent surgery followed by adjuvant RT alone or
combined CTRT were analyzed retrospectively.
The clinical and pathologic data of 93 patients from 18
institutions were collected. After approval by the Korean
Radiation Oncology Group (KROG 13-17), the medical and
RT records of the patients were reviewed retrospectively.
1. Treatment
All patients underwent hysterectomy and bilateral salpingo-oophorectomy with pelvic and/or aortic lymphadenectomy, followed by postoperative RT or combined CTRT.
Pelvic lymph node dissection was performed in 77 patients
(82.8%) and paraaortic lymph node (PALN) dissection or
sampling was performed in 31 patients (33.3%).
All patients underwent external pelvic RT, delivered to the
tumor bed and regional lymphatics with 10-MV photons
using the four-field box technique. The total dose to the
pelvis ranged from 45 Gy to 54 Gy in 1.8 Gy daily fractions,
5 days per week. Twenty-one patients (21.6%) underwent
additional vaginal brachytherapy using Fletcher-Suit afterloading applicators. Two to six fractions of 3-5 Gy were
delivered to the vaginal surface or 5 mm from the vaginal
surface. Two patients (2.2%) were treated with an extendedfield RT encompassing a volume of PALN, usually located
at the T12-L1 interface. Another two patients received total
abdominal RT of 30 Gy in 1.5 Gy fractions followed by a
boost to the pelvis with the doses of 19.8 Gy or 24 Gy in 1.8
Gy fractions.
Adjuvant combined CTRT was performed in 36 patients
(38.7%). Thirty patients were treated with concurrent CTRT
(83.3%), four patients with CT followed by RT (11.1%), and
two patients with RT followed by CT (5.6%). Patients receiving adjuvant CT were treated with cisplatin-based CT (n=19,
52.8%), carboplatin plus paclitaxel (n=8, 22.2%), paclitaxel
alone (n=6, 16.7%), or other drugs (n=3, 8.3%). Adjuvant
CT was delivered with a median of six cycles (range, 1 to 9
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cycles), although two patients received only one cycle, and
another two patients only received two cycles. Five patients
did not complete the full course of CT because of G3 hematologic toxicity (n=2), patient refusal (n=1), or no available
data on toxicity (n=2).
In adjuvant RT alone, the average treatment period was
42.9 days (range, 36 to 60 days) and 46.9 days (range, 35 to
117 days) for the CTRT group. No significant difference in
the RT period was observed between the two treatment
groups (p=0.057).
2. Statistical analysis
Locoregional recurrence was defined as a recurrence in the
pelvis, vagina, or paraaortic lymphatic region. Failure was
defined as biopsy-proven recurrence or progression of disease on serial imaging studies. Time to recurrence and death
was calculated from the date of surgery until failure or death
from any cause. DFS was defined as alive without disease
recurrence at the time of censoring. Survival curves were calculated using the Kaplan-Meier method, and comparison of
the curves was performed using a log-rank test. The chisquare test, Fisher exact test, and independent samples t test
were used for comparison of characteristics between the two
groups. Multivariable analysis was performed using the Cox
proportional hazards model. Statistical analyses were performed using SPSS ver. 21 (IBM Co., Armonk, NY), and
p-values less than 0.05 were considered statistically significant.

Results
1. Patient characteristics and pattern of failure
The tumor and treatment characteristics of all 93 patients,
57 (61.3%) who received postoperative RT alone and 36
(38.7%) who received CTRT, are shown in Table 1. The
median age of patients in the CTRT group was older than
that in the RT alone group. A larger portion of patients in the
CTRT group showed involvement of serosa (27.8% vs. 19.3%,
p=0.361) and lymphovascular space (30.6% vs. 15.8%,
p=0.214).
A higher proportion of patients in the CTRT group underwent paraaortic lymphadenectomy compared to the RT
alone group (52.8% vs. 21.1%, p=0.002). The extent of irradiation field of adjuvant RT and vaginal brachytherapy did not
differ significantly in the two groups.
The median follow-up period was 62 months (range, 3 to
188 months). Eight patients (14.0%) in the RT alone group
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and 11 patients (30.6%) in the CTRT group relapsed during
the follow-up period (p=0.054) (Table 2). The majority of
recurrences were distant metastases including abdominal
recurrence, 75% (6/8) in the RT alone group and 81.8%
(9/11) in the CTRT group. In the RT alone group, one patient
developed combined local and distant metastases with pelvic
lymph node and liver metastasis.
2. DFS and OS
The 5-year OS and DFS were 93.7% and 79.0%, respectively. Univariate analyses showed statistically significant
difference in DFS with regard to age (p < 0.001), tumor
grade (p=0.029), and lymphovascular involvement (p=0.041)
(Table 3). No significant difference in OS (91.9% vs. 96.3%,
p=0.262) or DFS (82.4% vs. 74.1%, p=0.130) was observed
between the RT alone group and the combined CTRT group.
Five-year DFS was lower in patients with serosal involvement than in those without, but there was no statistical
significance (81.5% vs. 67.2%, p=0.180). Involvement of
adnexa did not show a significant relationship with DFS. Of
the 93 patients, 57 (61.3%) had solitary adnexal or serosal
involvement. Patients with serosal involvement had a worse
7-year DFS (66.7%) compared to those with solitary adnexal
involvement (90.5%), but this difference did not reach statistical significance (p=0.629).
The above mentioned variables (age ! 60 years, tumor
grade 2/3, and lymphovascular space involvement) for prognosis in DFS were defined as risk factors. Of 77 patients with
available data for risk factors, 25 patients (32.5%) had no risk
factors, 30 (38.9%) had one, 16 (20.8%) had two, and six
(7.8%) had three. A significant correlation was observed
between the number of risk factors and DFS. The 5-year DFS
was 91.7% in patients with no risk factors, 84.8% in patients
with one, 55.0% in patients with two, and 33.3% in patients
with three (p=0.001). The 5-year OS according to the number
of risk factors was 95.0% in patients with no risk factors,
92.0% in patients with one, 93.8% in patients with two, and
80.0% in patients with three (p=0.542).
The patients were subgrouped according to low-risk
(patients with no or one risk factor) and high-risk (patients
with two or three risk factors) groups. The proportion of
high-risk patients in the combined CTRT group was more
than twice that of the RT alone group (41.9% vs. 19.6%,
p=0.033). Thirty-seven patients (80.4%) in RT alone were classified as low risk and nine (19.6%) as high risk. In CTRT, 18
patients (58.1%) were classified as low risk, while 13 patients
(41.9%) as high risk. A significant reduction in 5-year DFS
was observed in the high-risk group (49.0% vs. 88.0%,
p < 0.001) compared with the low-risk group (Fig. 1).
Five-year OS was not significantly lower in the high-risk
group (90.7%) versus the low-risk group (93.5%) (p=0.618).
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Table 1. Clinical and pathologic characteristics in stage IIIA endometrial adenocarcinoma according to adjuvant modality
Characteristic
Age, median (range, yr)
Age (yr)
< 60
! 60
Grade
I
II
III
Unknown
Serosal involvement
Negative
Positive
Unknown
Adnexal involvement
Negative
Positive
Lymphovascular involvement
Negative
Positive
Unknown
Tumor sizea), mean (range, cm)
Lymph node dissection
Pelvic LN dissection
Paraaortic LN dissection
Type of external beam radiotherapy
Whole pelvis
Whole pelvis+paraaortic field
Whole abdomen
Additional vaginal brachytherapy
No
Yes
CTRT sequence
Concurrent
Sequential

All (n=93)

RT alone (n=57)

CTRT (n=36)

p-value

51 (25-83)

50 (25-83)

54 (35-75)

0.281

74 (79.6)
19 (20.4)

46 (80.7)
11 (19.3)

28 (77.8)
8 (22.2)

0.733

41 (44.1)
30 (32.3)
20 (21.5)
2 (2.2)

28 (49.1)
15 (26.3)
12 (21.1)
2 (3.5)

13 (36.1)
15 (41.7)
8 (22.2)
0(

0.291

70 (75.3)
21 (22.6)
2 (2.2)

44 (77.2)
11 (19.3)
2 (3.5)

26 (72.2)
10 (27.8)
0(

0. 361

16 (17.2)
77 (82.8)

11 (19.3)
46 (80.7)

5 (13.9)
31 (86.1)

0.501

59 (63.4)
20 (21.5)
14 (15.1)
4.6 (0.4-12)

38 (66.7)
9 (15.8)
10 (17.5)
4.4 (1.5-12)

21 (58.3)
11 (30.6)
4 (15.1)
5.0 (0.4-10.2)

0.214

77 (82.8)
31 (33.3)

44 (77.2)
12 (21.1)

33 (91.7)
19 (52.8)

0.072
0.002

89 (95.7)
2 (2.2)
2 (2.2)

54 (94.7)
1 (1.8)
2 (3.5)

35 (97.2)
1 (2.8)
0(

0.500

72 (77.4)
21 (21.6)

46 (80.7)
11 (19.3)

26 (72.2)
10 (27.8)

0.341

0.327

30 (83.3)
6 (16.7)

Values are presented as number (%) unless otherwise indicated. RT, radiotherapy; CTRT, chemoradiotherapy; LN, lymph
node. a)Data were available in 70 patients with measurable primary tumor.

For RT alone, 5-year DFS and OS were lower in the highrisk group than in the low-risk group (66.7% vs. 84.6%,
p=0.133 and 77.8% vs. 93.5%, p=0.149, respectively), but the
differences did not reach statistical significance (Fig. 2).
In the CTRT group, the low-risk group showed an improved
5-year DFS (94.4% vs. 38.5%, p=0.001) compared with the
high-risk group, but there was no significant difference in OS
(93.3% vs. 100%, p=0.465).

3. Multivariate analysis
To examine the role of adjuvant multi-modality therapy,
the risk groups were analyzed according to treatment modalities. No significant difference in 5-year OS (93.5% vs. 93.3%,
p=0.785) or DFS (84.6% vs. 94.4%, p=0.852) was observed
between the RT alone group and the combined CTRT group
in the low-risk group. In the high-risk group, combined
CTRT showed a trend for improved 5-year OS (100% vs.
77.8%, p=0.086) compared with RT alone, but the difference
did not reach statistical significance. Combined CTRT did
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Table 2. Patterns of failure according to adjuvant treatment
Treatment

RT alone (n=57)

CTRT (n=36)

p-valuea)

1 (12.5)
6 (75.0)
2(

2 (18.2)
1(
1(
9 (81.8)
2(

-

1(
1(
1(
1(
1 (12.5)
8 (14.0)

4(
1(
1(
1(

Locoregional recurrence
Pelvic cavity only
Pelvic LN+vagina
Pelvic LN+paraaortic LN
Distant metastasis
Peritoneal seeding only
Solid organs (liver, lung, vulva, etc.)
Lung only
Lung+other organ
Vulva
Other or multiple (liver, abd wall, and spleen)
Combined LRR and DM
Total recurrence

-

11 (30.6)

0.054

Values are presented as number (%). RT, radiotherapy; CTRT, chemoradiotherapy; LN, lymph node; LRR, locoregional
recurrence; DM, distant metastasis. a)Chi-square test.

Table 3. Factors affecting survival in univariate analysis
Parameter
Age (< 60 yr vs. ! 60 yr)
< 60
! 60
Grade (G1 vs. G2/3)
G1
G2/G3
LVI
No
Yes
Serosal involvement
No
Yes
Adnexal involvement
No
Yes
Size (diameter, cm)
"5
>5
Adjuvant treatment
RT alone
CTRT

Disease-free survival
5-Year (%)

p-value

Overall survival
5-Year (%)

p-value

86.6
48.9

< 0.001

96.7
81.4

0.028

90.0
68.9

0.029

94.4
93.3

0.387

83.2
57.9

0.041

91.9
94.4

0.699

81.5
67.2

0.180

91.8
100

0.747

73.8
79.1

0.790

100
92.5

0.991

84.0
77.3

0.175

95.5
89.4

0.482

82.4
74.1

0.130

91.9
96.3

0.262

LVI, lymphovascular involvement; RT, radiotherapy; CTRT, chemoradiotherapy.

not affect 5-year DFS (38.5% vs. 66.7%, p=0.274) compared
with RT alone for the high-risk group.
In multivariate analysis including age, grade, lympohovascular involvement, number of risk factors, and type of adju-
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vant modality, more than one risk factor was the only predictor of worse DFS (hazard ratio [HR], 5.45; 95% confidence
interval [CI], 2.12 to 13.98; p < 0.001). In multivariate analysis
for OS, only old age was predictive of OS (HR, 5.8; 95% CI,
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Fig. 1. Kaplan-Meier survival curve of disease-free survival (A) and overall survival (B) according to the low-risk group
with no or one risk factor and the high-risk group with two or three risk factors (risk factor: age ! 60 or ! G2 or lymphovascular space invasion).

1.15 to 29.61; p=0.034). In multivariate analysis, combined
CTRT did not show a statistical difference compared to RT
alone in DFS or OS (Table 4).
4. Treatment related toxicities
Twelve patients (33.3%) in the CTRT group experienced
grade 3-4 acute toxicity. Grade 3-4 acute hematologic toxicities were observed in 11 patients in the CTRT group and a
grade 3 acute intestinal obstruction was found in one patient.
In the RT alone group, one patient (1.8%) treated with
extended-field RT had grade 4 acute hematologic toxicity.
No patients in the CTRT group had grade 3-4 late toxicity
and one patient in the RT alone group treated with whole
abdominal irradiation had a grade 3 late leg edema.

Discussion
The current study showed the impact of a number of risk
factors for stage IIIA endometrioid adenocarcinoma. Patients
with more than one risk factor (high-risk group) had a worse
prognosis. Indeed, more than one risk factor was the only
strong negative prognostic factor in multivariate analysis.
Patients in the high-risk group were 4 to 5 times more likely
to develop a distant metastasis compared to those in the lowrisk group (40.9% vs. 9.1%, p < 0.001), therefore, the addition

of more intense systemic therapy to those in the high-risk
group may improve the outcome. The current study showed
that combined CTRT showed a trend with an improved
5-year OS (100% vs. 77.8%, p=0.086) compared with RT
alone, although CTRT did not affect 5-year DFS compared
with RT alone for the high-risk group. Several studies have
suggested that combined CTRT can provide additional benefits compared with CT or RT alone [10-13]. The retrospective
study in stage III and IV endometrial cancer by Alvarez Secord et al. [13] reported that adjuvant CT alone was associated
with poor 3-year OS (33%) and progression-free survival
(19%) compared to either RT alone (70% and 59%) or combined therapy (79% and 62%). In a multicenter retrospective
study conducted with 78 patients with stage III endometrial
cancer treated with adjuvant CT and/or RT, the 3-year
relapse-free survival rates were 86.5% for the combined
CTRT group, 65.8% for the CT alone, and 44.1% for RT alone,
suggesting that combined CTRT modality may induce an
advantage in relapse-free survival compared to RT or CT
alone [17]. Randomized trials were conducted for comparison of sequential CTRT with RT alone. The first trial was run
by the Italian Oncology Group with 153 patients (IIB-IIIC,
65% stage III), and the second by the Nordic Society of
Gynaecological Oncology/European Organisation for the
Research and Treatment of Cancer, which included patients
with mainly high-risk early stage disease (only 1.6% stage
III). In the Italian trial, no statistically significant difference
in DFS or OS was observed between treatment groups. However, in joint pooled analysis in these two randomized trials,
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Fig. 2. Subgroup analysis according to treatment modality. Disease-free survival and overall survival in the radiotherapy
alone group (A) and the chemoradiotherapy group (B). The low-risk group with no or one risk factor and the high-risk group
with two or three risk factors (risk factor: age ! 60 years or ! G2 or lymphovascular space invasion).

Table 4. Multivariate analysis
Parameter
Age (< 60 yr vs. ! 60 yr)
Grade (G1 vs. G2G3)
LVI (no vs. yes)
No. of risk factorsa) (< 2 vs. ! 2)
RT alone vs. CTRT

Disease-free survival
HR (95% CI)
5.45 (2.12-13.98)
-

p-value
0.340
0.903
0.884
< 0.001
0.488

Overall survival
HR (95% CI)

p-value

5.83 (1.15-29.61)
-

0.034
0.834
0.437
0.093
0.177

HR, hazard ratio; CI, confidence interval; LVI, lymphovascular space invasion; RT, radiotherapy; CTRT, chemoradiotherapy.
a)
Risk factor: age ! 60 years or ! G2 or LVI.
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sequential addition of CT to RT improved at least progression-free survival (78% vs. 69%, p=0.009), and trended a benefit of overall survival (82% vs. 75%, p=0.07) compared with
RT alone [12].
An important question is whether or not it is reasonable to
recommend adjuvant RT alone without chemotherapy in
low-risk patients. Prior study has suggested that a subgroup
of women with stage IIIA who have endometrioid tumor, no
lymphovascular space involvement, and positive peritoneal
cytologic finding only show an excellent prognosis [15].
Havrilesky et al. [6] found that among 24 patients with peritoneal cytology only, non-serous histology, and grade 1-2
disease, no recurrence was found in 12 patients receiving
adjuvant treatment, while one patient showed recurrence
without adjuvant treatment. Our study included patients
according to the 2009 FIGO staging system and excluded
those with peritoneal cytology only. For 25 patients with no
risk factors, 17 patients (68%) were treated with adjuvant RT
alone and eight patients (32%) with adjuvant combined
CTRT, resulting in excellent 5-year DFS (91.7%) and OS
(95.0%), respectively. No difference in DFS and OS was
observed between RT alone and the CTRT group. Thus, a
subset of stage IIIA patients with no risk factors might be
treated with adjuvant RT alone.
Several studies have reported that patients with extrauterine spread limited to the adnexa showed favorable 5-year
DFS rates, ranging from 71% to 89.6% [3,18,19]. By contrast,
serosal involvement had a relatively poor prognosis [15,20].
A retrospective study of 15 patients with solitary serosal
invasion had a poor 5-year DFS (41.5%) due to the high incidence of distance metastases [20]. A multicenter retrospective comparative analysis in Netherlands published the
outcomes for 67 patients with stage IIIA endometrial carcinoma, evaluating differences in outcome between serosa and
adnexal involvement [18]. Those with involvement of the
serosa alone had a worse 7-year distant metastasis-free survival (58.7%) compared to adnexal involvement alone
(72.7%), but this difference was not significant (p=0.399).
Authors concluded that either adnexal or serosal involvement showed a comparable disease-specific survival and
only presence of lymphovascular invasion was significant in
multivariate analysis (HR, 3.6; p=0.038). The current study
was composed of a relatively large homogeneous subgroup
of surgically staged IIIA patients with only adnexal or serosal
involvement. Of the 93 patients in our study, 57 (61.3%) had
solitary adnexal or serosal involvement. Consistent with previous studies, patients with serosal involvement had a worse
7-year DFS (66.7%) compared to those with solitary adnexal
involvement (90.5%) (p=0.629).
In this multicenter analysis, we failed to demonstrate
additional benefit of combined adjuvant CTRT compared
with adjuvant RT alone for stage IIIA endometrial cancer.

While these findings might suggest a comparable survival
outcome between combined CTRT and RT alone groups, our
study is limited by the difference of high-risk features
between the groups. Although there was no statistically significant difference in median age, grade, and lymphovascular involvement between the RT alone group and the
combined CTRT group, the CTRT groups did show a trend
with an older age, higher grade, and more involvement of
lymphovascular space than the RT alone group. In addition,
a subset of patients with more than one risk factor, the highrisk group, in the combined CTRT group was more than
twice that of the RT alone group (41.9% vs. 19.6%, p=0.033).
These factors might lead to comparable survival outcomes
between the RT alone group and the combined CTRT group.
Another limitation of this study is the retrospective design
with heterogeneity of the CT agent, sequence of combined
CTRT and surgical technique with paraaortic lymphadectomy. This variability leads to difficulty in determining the
additional benefit of CTRT in stage IIIA endometrioid adenocarcinoma.
For gynecologic Oncology group 258 (GOG258), the current phase III randomized trial for adjuvant modality, the
CTRT followed by carboplatin+paclitaxel is being compared
to combination of carboplatin and paclitaxel in stage III and
IVA patients. Multi-center randomized trials are required to
further evaluate the role of adjuvant combined modality,
according to risk groups, particularly in stage IIIA endometrial adenocarcinoma which is an uncommon entity.

Conclusion
In conclusion, the current study showed a favorable outcome in a subset of low-risk patients compared to the highrisk group in stage IIIA endometrioid adenocarcinoma
treated with adjuvant RT alone or adjuvant combined CTRT.
We found that patients classified as high risk (! 2 risk factors)
showed a significant reduction in 5-year DFS compared with
the low-risk group (49.0% vs. 88.0%, p < 0.001) with an
increase in the development of distant metastasis (40.9% vs.
9.1%, p < 0.001). We identified a subset of stage IIIA patients
without risk factors who might be reasonable candidates for
adjuvant RT alone.

Conflicts of Interest
Conflict of interest relevant to this article was not reported.
VOLUME 48 NUMBER 3 JULY 2016

1081

Cancer Res Treat. 2016;48(3):1074-1083

Author Details
1

Department of Radiation Oncology, Chonnam National
University Hwasun Hospital, Chonnam National University
Medical School, Hwasun, 2Department of Radiation Oncology, Samsung Medical Center, Sungkyunkwan University
School of Medicine, Seoul, 3Department of Radiation Oncology, Seoul National University Hospital, Seoul, 4Department
of Radiation Oncology, Asan Medical Center, Seoul, 5Department of Radiation Oncology, Yonsei University College of
Medicine, Seoul, 6Center for Uterine Cancer, Research Institute and Hospital, National Cancer Center, Goyang, 7Department of Radiation Oncology, St. Vincent's Hospital, College
of Medicine, The Catholic University of Korea, Suwon,
8
Department of Radiation Oncology, Inha University School
of Medicine, Incheon, 9Department of Radiation Oncology,

Yonsei University Wonju College of Medicine, Wonju,
10
Department of Radiation Oncology, Dongsan Medical Center, Keimyung University School of Medicine, Daegu,
11
Department of Radiation Oncology, Cheil General Hospital
and Women’s Healthcare Center, Kwandong University College of Medicine, Seoul, 12Department of Radiation Oncology, Korea University College of Medicine, Seoul, 13Department of Radiation Oncology, Chung-Ang University
Hospital, Seoul, 14Department of Radiation Oncology, Ajou
University School of Medicine, Suwon, 15Department of
Radiation Oncology, Dong-A University School of Medicine,
Busan, 16Department of Radiation Oncology, University of
Wonkwang School of Medicine, Iksan, 17Department of
Radiation Oncology, Incheon St. Mary’s Hospital, College of
Medicine, The Catholic University of Korea, Incheon,
18
Department of Radiation Oncology, CHA Bundang Medical Center, CHA University, Seongnam, Korea

References
1. Jobsen JJ, ten Cate LN, Lybeert ML, van der Steen-Banasik EM,
Scholten A, van der Palen J, et al. The number of metastatic
sites for stage IIIA endometrial carcinoma, endometrioid cell
type, is a strong negative prognostic factor. Gynecol Oncol.
2010;117:32-6.
2. Kato T, Watari H, Endo D, Mitamura T, Odagiri T, Konno Y,
et al. New revised FIGO 2008 staging system for endometrial
cancer produces better discrimination in survival compared
with the 1988 staging system. J Surg Oncol. 2012;106:938-41.
3. Connell PP, Rotmensch J, Waggoner S, Mundt AJ. The significance of adnexal involvement in endometrial carcinoma.
Gynecol Oncol. 1999;74:74-9.
4. Denschlag D, Tan L, Patel S, Kerim-Dikeni A, Souhami L,
Gilbert L. Stage III endometrial cancer: preoperative predictability, prognostic factors, and treatment outcome. Am J
Obstet Gynecol. 2007;196:546.e1-7.
5. Lum MM, Belnap TW, Frandsen J, Brown AP, Sause WT, Soisson AP, et al. Survival analysis of cancer patients with FIGO
stage IIIA endometrial cancer. Am J Clin Oncol. 2015;38:
283-8.
6. Havrilesky LJ, Secord AA, O'Malley DM, Broadwater G, BaeJump V, Cohn DE, et al. Multicenter analysis of recurrence and
survival in stage IIIA endometrial cancer. Gynecol Oncol.
2009;114:279-83.
7. Lewin SN, Herzog TJ, Barrena Medel NI, Deutsch I, Burke
WM, Sun X, et al. Comparative performance of the 2009 international Federation of gynecology and obstetrics' staging system for uterine corpus cancer. Obstet Gynecol. 2010;116:
1141-9.
8. Choi EC, Kim JH, Kim OB, Byun SJ, Park SG, Kwon SH. Postoperative radiotherapy for endometrial cancer. Radiat Oncol
J. 2012;30:108-16.

1082

CANCER RESEARCH AND TREATMENT

9. Schorge JO, Molpus KL, Goodman A, Nikrui N, Fuller AF Jr.
The effect of postsurgical therapy on stage III endometrial carcinoma. Gynecol Oncol. 1996;63:34-9.
10. Kuku S, Williams M, McCormack M. Adjuvant therapy in
stage III endometrial cancer: treatment outcomes and survival:
a single-institution retrospective study. Int J Gynecol Cancer.
2013;23:1056-64.
11. Nakayama K, Nagai Y, Ishikawa M, Aoki Y, Miyazaki K. Concomitant postoperative radiation and chemotherapy following
surgery was associated with improved overall survival in
patients with FIGO stages III and IV endometrial cancer. Int J
Clin Oncol. 2010;15:440-6.
12. Hogberg T, Signorelli M, de Oliveira CF, Fossati R, Lissoni
AA, Sorbe B, et al. Sequential adjuvant chemotherapy and
radiotherapy in endometrial cancer: results from two randomised studies. Eur J Cancer. 2010;46:2422-31.
13. Alvarez Secord A, Havrilesky LJ, Bae-Jump V, Chin J, Calingaert B, Bland A, et al. The role of multi-modality adjuvant
chemotherapy and radiation in women with advanced stage
endometrial cancer. Gynecol Oncol. 2007;107:285-91.
14. Kuoppala T, Maenpaa J, Tomas E, Puistola U, Salmi T, Grenman S, et al. Surgically staged high-risk endometrial cancer:
randomized study of adjuvant radiotherapy alone vs. sequential chemo-radiotherapy. Gynecol Oncol. 2008;110:190-5.
15. Mariani A, Webb MJ, Keeney GL, Aletti G, Podratz KC.
Assessment of prognostic factors in stage IIIA endometrial
cancer. Gynecol Oncol. 2002;86:38-44.
16. AlHilli MM, Mariani A, Bakkum-Gamez JN, Dowdy SC,
Weaver AL, Peethambaram PP, et al. Risk-scoring models for
individualized prediction of overall survival in low-grade and
high-grade endometrial cancer. Gynecol Oncol. 2014;133:
485-93.

Mee Sun Yoon, Adjuvant Therapy in Stage IIIA Endometrial Cancer

17. Marchetti C, Pisano C, Mangili G, Lorusso D, Panici PB, Silvestro G, et al. Use of adjuvant therapy in patients with FIGO
stage III endometrial carcinoma: a multicenter retrospective
study. Oncology. 2011;81:104-12.
18. Jobsen JJ, Naudin Ten Cate L, Lybeert ML, Scholten A, van der
Steen-Banasik EM, van der Palen J, et al. Outcome of endometrial cancer stage IIIA with adnexa or serosal involvement
only. Obstet Gynecol Int. 2011;2011:962518.
19. Lan C, Huang X, Huang Y, Xi S, Huang H, Feng Y, et al. The

outcome and efficacy of adjuvant chemotherapy alone in
patients with stage IIIA endometrial carcinoma with solitary
adnexal involvement: a retrospective single-institution study.
Gynecol Oncol. 2014;135:446-50.
20. Ashman JB, Connell PP, Yamada D, Rotmensch J, Waggoner
SE, Mundt AJ. Outcome of endometrial carcinoma patients
with involvement of the uterine serosa. Gynecol Oncol.
2001;82:338-43.

VOLUME 48 NUMBER 3 JULY 2016

1083

pISSN 1598-2998, eISSN 2005-9256
http://dx.doi.org/10.4143/crt.2015.405

Cancer Res Treat. 2016;48(3):1084-1091

Open Access

Original Article

Cisplatin, Gemcitabine, and Lapatinib as Neoadjuvant Therapy for
Muscle-Invasive Bladder Cancer

Purpose
We sought to investigate the safety and efficacy of gemcitabine, cisplatin, and lapatinib
(GCL) as neoadjuvant therapy in patients with muscle-invasive bladder cancer (MIBC)
planned for radical cystectomy.
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Materials and Methods
Four cycles of GCL were administered as neoadjuvant therapy for patients with MIBC.
Although initially designed as a phase II efficacy study with a primary endpoint of pathologic
complete response at the time of radical cystectomy, the dose selected for investigation
proved excessively toxic. A total of six patients were enrolled.
Results
The initial four patients received gemcitabine 1,000 mg/m2 intravenously on days 1 and 8
and cisplatin 70 mg/m2 intravenously on day 1 of each 21-day treatment cycle. Lapatinib
was administered as 1,000 mg orally daily starting one week prior to the initiation of cycle
1 of gemcitabine and cisplatin (GC) and continuing until the completion of cycle 4 of GC.
These initial doses were poorly tolerated, and the final two enrolled patients received a
reduced lapatinib dose of 750 mg orally daily. However, reduction of the lapatinib dose did
not result in improved tolerance or drug-delivery, and the trial was terminated early due to
excessive toxicity. Grade 3/4 toxicities included diarrhea (33%), nausea/vomiting (33%),
and thrombocytopenia (33%).
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Conclusion
The addition of lapatinib to GC as neoadjuvant therapy for MIBC was limited by excessive
treatment-related toxicity. These findings highlight the importance of thorough dose-escalation investigation of combination therapies prior to evaluation in the neoadjuvant setting,
as well as the limitations of determination of maximum tolerated dose for novel targeted
combination regimens.

Introduction
The definitive management of muscle-invasive bladder
cancer (MIBC) has traditionally involved curative-intent radical cystectomy with bilateral pelvic lymph node dissection.
[1] In 2003, in a phase III Intergroup study of MIBC patients,
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a significant improvement in overall survival (OS) was
demonstrated with the addition of neoadjuvant methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC)
chemotherapy to radical cystectomy [2]. A subsequent metaanalysis of over 3,000 patients reported an absolute improvement in 5-year OS of 5% with the use of platinum-based
combination neoadjuvant chemotherapy [3]. Therefore, the
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currently accepted standard of care in surgically-fit patients
with MIBC is the use of cisplatin-based neoadjuvant chemotherapy prior to radical cystectomy [4].
In the metastatic setting, similar OS and response rates
with an improved toxicity profile have been demonstrated
with the regimen of gemcitabine and cisplatin (GC) when
compared with conventional-dose MVAC [5]. These findings
have commonly been extrapolated to the perioperative setting and have resulted in the frequent use of GC as neoadjuvant chemotherapy. Indeed, a recent survey of U.S. medical
oncologists at both academic and community centers found
that 90% offer GC as neoadjuvant chemotherapy for MIBC
[6].
Importantly, the survival benefit of neoadjuvant chemotherapy appears to be related to downstaging of the tumor
to a complete pathologic response (pT0). For example, in the
intergroup trial, neoadjuvant MVAC was associated with a
significantly increased pT0 rate (38% vs. 15%), and patients
who successfully attained a pT0 response achieved a more
durable survival benefit (5-year survival rate of 85%) [2].
Therefore, novel methods for maximizing the pT0 rate with
neoadjuvant therapy are highly desired.
Epidermal growth factor receptors 1 and 2 (EGFR and
HER-2) are frequently overexpressed in bladder urothelial
carcinomas and have been associated with a poor prognosis.
[7,8] Up to 70% of urothelial carcinomas overexpress EGFR
and/or HER-2, and ligand-induced EGFR/HER-2 heterodimerization may trigger potent proliferative and survival signals [7,9]. Therefore, dual-inhibition of EGFR and
HER-2 represents an attractive therapeutic strategy for management of urothelial carcinoma.
Lapatinib (Tykerb, GlaxoSmithKline, London, UK) is a
small molecule tyrosine kinase inhibitor that targets both the
EGFR and HER-2 receptors, thereby resulting in inhibition
of downstream effector pathways, growth arrest, and cellular
apoptosis [10,11]. A preclinical study of lapatinib in combination with GC in human bladder cancer cell lines demonstrated anti-tumor activity with synergistic effects [12]. The
suggested dose range for lapatinib in phase II trials is 1,2501,500 mg daily [13,14], and multiple prior clinical trials of
lapatinib in combination with cytotoxic chemotherapy have
been conducted with daily lapatinib doses of 1,250-1,500 mg
[15,16]. In addition, a phase I trial in metastatic bladder cancer of gemcitabine, cisplatin, and lapatinib (GCL) at a dose
range of 750-1,250 mg daily reported a maximum tolerated
lapatinib dose of 1,250 mg daily [17].
Based on these background findings, we designed a
prospective phase II trial to evaluate the safety and efficacy
of neoadjuvant GCL in patients with MIBC undergoing radical cystectomy. The selected lapatinib dose was 1,000 mg
daily, and the efficacy of GCL treatment was to be assessed
by the rate of pT0 response at the time of radical cystectomy.

However, due to excessive therapy-related toxicities at the
selected treatment dose, the study was terminated prematurely. Here, we report the study results for eligible patients
treated on the neoadjuvant GCL protocol and discuss the difficulties with determination of reliable maximum tolerated
dose in the evaluation of novel targeted combination regimens.

Materials and Methods
1. Eligibility
Eligible patients were required to have pathologically-confirmed MIBC after an initial transurethral resection of the
bladder tumor (TURBT) and no evidence of nodal or distant
metastatic disease (clinical stage T2-T4, N0, M0). An archived
tumor specimen from a prior TURBT was required to
demonstrate overexpression of EGFR and/or HER-2 by standard immunohistochemistry (IHC) assay (> 1+ expression).
Patients were required to have adequate bone marrow, cardiac, hepatic, and renal function, including an estimated creatinine clearance > 60 mL/min (determined by CockcroftGault formula calculation) and a baseline left ventricular
ejection fraction ! 50% (assessed by multigated acquisition
scan or echocardiography). In addition, eligible patients were
required to have an Eastern Cooperative Oncology Group
performance status of 0-1 and must have been deemed a suitable candidate for radical cystectomy with curative intent.
Because lapatinib is a substrate for CYP3A4, the concomitant
use of medications that are inducers or inhibitors of CYP3A4
was prohibited.
2. Study design and treatment plan
This study was designed as a non-randomized, singleinstitution, open-label study to evaluate the safety and efficacy of four cycles of neoadjuvant GCL. Treatment consisted
of gemcitabine 1,000 mg/m2 intravenously on days 1 and 8
and cisplatin 70 mg/m2 intravenously on day 1 of each
21-day treatment cycle. Carboplatin area under the curve
4.5 on day 1 of each treatment cycle could be substituted at
the discretion of the treating physician for renal or other
toxicity requiring discontinuation of cisplatin. Lapatinib
1,000 mg was administered orally and continuously once
daily in the morning and in a fasting state starting on day –
7 (1 week prior to cycle 1 day 1 of GC) and continuing until
cycle 4 day 21. In cases of drug-related toxicity ! grade 3,
a one-time dosage reduction of lapatinib to 750 mg once daily
was permitted. In addition, a delay in lapatinib treatment
VOLUME 48 NUMBER 3 JULY 2016
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was permitted for up to 2 weeks to allow for resolution of
drug-related toxicities. Prophylactic anti-emetics were
administered at the discretion of the treating physician. The
protocol-specified management of diarrheal toxicity included the initiation of anti-motility agents every 2-4 hours
until resolution of symptoms for at least 12 hours. After completing four cycles of GCL therapy, patients proceeded to
radical cystectomy with pelvic lymph node dissection and
urinary diversion. This study was approved by the University of Pennsylvania’s Institutional Review Board, and all
patients signed informed consent.
3. Study evaluations
Clinical and radiologic assessment, including detailed
medical history, review of concomitant medications, physical
examination, laboratory testing, evaluation of cardiac function, and disease imaging (computed tomography [CT] or
magnetic resonance imaging of abdomen/pelvis, CT chest
or chest X-ray) was performed at baseline and upon completion of chemotherapy. A complete blood count (CBC) and
comprehensive metabolic profile were performed at baseline
and on day 1 of each treatment cycle. A CBC was also
repeated on days 8 and 15 of each treatment cycle. Toxicity
was assessed before each treatment and monitored throughout the course of therapy. Adverse events (AEs) were graded
using National Cancer Institute Common Toxicity Criteria
(NCI-CTC) ver. 3. Radical cystectomy pathology was reviewed per institutional protocol, and a postchemotherapy
pTpN stage was assigned using the 1997 American Joint
Committee on Cancer (AJCC) staging classification system.
Patients were evaluated in follow-up for ongoing toxicity,
disease recurrence, and disease-specific survival, and OS.
Post-treatment follow-up consisted of clinical and laboratory
assessment every 3 months, as well as a chest X-ray and
cross-sectional imaging of the abdomen and pelvis every
6 months.
4. Statistical analyses
This study was initially designed as a phase II efficacy
study utilizing a Simon 2-stage optimal design with a primary end point of pT0 rate, defined as no evidence of residual disease based on pathological review of the surgical
specimen. The study was designed to detect an improvement
in the pT0 rate from the historical rate of 30% with gemcitabine/cisplatin neoadjuvant therapy to the alternative
hypothesis of a 50% pT0 rate with 90% power and a type I
error rate of 0.10. A target accrual of 46 patients was established, with 22 evaluable patients in the first stage of the
study. If at least eight of these 22 patients demonstrated a
pT0 response, then an additional 24 evaluable patients would
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be enrolled. Otherwise, the therapy would be declared ineffective, and the trial would stop. If at least 18 of the 46 total
enrolled patients demonstrated a pT0 response, then GCL
would be considered worthy of further investigation. The
probability of early termination under the null hypothesis
(pT0 rate of ! 30%) was 67%. Additional early stopping rules
for excessive toxicity were included.
Secondary objectives were to determine the toxicities of the
neoadjuvant regimen, estimate progression-free survival
(PFS) and OS using the Kaplan-Meier method, and to perform exploratory correlative analyses testing the association
between EGFR and HER-2 status and pT0 response at cystectomy. Analyses were based on an intent-to-treat design.

Results
1. Patient characteristics
Between December 2008 and July 2011, only six patients
with MIBC were accrued and treated. Demographic and
patient characteristics are shown in Table 1. Four men and
two women were treated. The mean age of patients at the
time of study enrollment was 61 years. The results of EGFR
and HER-2 IHC assays are shown in Table 2. Five patients
overexpressed EGFR, three patients overexpressed HER-2,
and three patients overexpressed both EGFR and HER-2.
2. Treatment exposure and toxicities
Only three patients (50%) completed four full cycles of GC.
Three patients were switched from cisplatin to carboplatin
due to renal toxicity (n=2) or severe nausea/vomiting (n=1).
The first four patients received the protocol-specified dose
of lapatinib 1,000 mg daily. Only one patient completed four
cycles of lapatinib at this full dose. Dose reduction or discontinuation was required in the other three patients at this dose
level. Due to toxicity concerns, the final two patients received
a reduced starting dose of lapatinib of 750 mg daily. One
patient completed four full cycles of lapatinib 750 mg daily;
however, the other patient at this dose level discontinued
therapy due to toxicity. All six patients proceeded to surgical
resection, and no excess surgical complications were noted.
Toxicity information is summarized in Table 3. Grade 3-4
toxicities included: diarrhea (n=2), nausea/vomiting (n=2),
and thrombocytopenia (n=2). Grade 2-3 renal toxicity was
observed in two patients, requiring a switch from cisplatin
to carboplatin. Two serious AEs were reported. The first was
an inpatient hospitalization for fever that was considered
unrelated to study treatment. The second was an inpatient
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Table 1. Patient demographics and clinical characteristics
Patient
No.

Age
(yr)

Sex

ECOG
PS

1

57

F

0

2

65

M

0

3

48

M

0

4

65

M

0

5

60

F

0

6

68

M

0

Tobacco
exposurea)

Comorbidity
Hypertension,
hyperlipidemia,
osteoarthritis
Hypertension,
transient ischemic attack,
hyperlipidemia
Hypertension,
hyperlipidemia
Hypertension
COPD, asthma,
hypertension,
hyperlipidemia,
DVT
Hypertension,
hyperlipidemia

Clinical
Presence of Serum creatinine
stageb) hydronephrosis
(mg/dL)

Hemoglobin
(g/dL)

Former
T4 N0
(60 pack years)

Yes

0.86

Former
T4 N0
(50 pack years)

Yes

0.97

13.7

Current
T3 N0
(30 pack years)
Former
T3 N0
(20 pack years)
Former
T2 N0
(30 pack years)

No

0.94

14.8

Yes

0.80

14.5

No

1.08

11.6

Yes

1.48

13.2

Former

T3 N0

9.90

ECOG PS, Eastern Oncology Cooperative Group performance status; F, female; M, male; COPD, chronic obstructive pulmonary disease; DVT, deep venous thrombosis. a)Pack-years=number of packs/day!number of years tobacco exposure,
b)
Based on American Joint Committee on Cancer (AJCC) staging classification (1997).

Table 2. Tumor receptor status
Receptor status

No. (%)

EGFR +/HER-2 –
EGFR +/HER-2 +
EGFR –/HER-2 –
EGFR –/HER-2 +

2 (33)
3 (50)
1 (17)
0(

EGFR, epidermal growth factor receptors 1; HER-2, epidermal growth factor receptor 2.

hospitalization for diarrhea and dehydration that was
deemed probably related to study treatment. There were no
treatment related deaths. As the toxicity stopping rule was
exceeded within the first six accrued patients, this study was
reviewed with the study medical monitor and terminated
early.
3. Clinical efficacy
Only one of six patients (17%) achieved the primary end
point of this study of a pT0 response following neoadjuvant
GCL (Table 4). One additional patient had organ-confined
disease (pT2). Postcystectomy pathology demonstrated nonorgan confined disease in four patients (67%) (pT3 or pT4),

and three patients (50%) had pathologic lymph node involvement. Three patients developed disease progression at 5, 7,
and 8 months following the initiation of therapy, respectively. Two of these patients died of disease. The remaining
three patients, including the two patients with pT0 and pT2
surgical pathology, were alive with no evidence of disease at
14, 16, and 24 months after the initiation of therapy. Due to
early termination of the study, follow-up for the estimation
of PFS and OS was discontinued.

Discussion
To the best of our knowledge, this is the first clinical report
on the use of lapatinib in combination with cisplatin-based
chemotherapy as neoadjuvant therapy in MIBC. The addition of lapatinib to standard neoadjuvant GC was poorly tolerated, resulting in dose reduction or discontinuation of
therapy in the majority of treated patients. The observed
dose-limiting toxicities included those typically associated
with lapatinib (diarrhea), as well as toxicities commonly
associated with GC (nausea/vomiting, thrombocytopenia,
and renal injury). Given the limited number of treated
patients, conclusions concerning whether lapatinib resulted
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Table 3. Treatment toxicitiesa)
Toxicity

Grade 1b)

Diarrhea
Nausea/Vomiting
Fatigue
ANC
Rash
Thrombocytopenia
Mucositis
Renal

Grade 2

Grade 3

Grade 4

4
2
1
2
1

2
2
1
1

1
-

1
3
1
1
3
1
1

ANC, absolute neutrophil count. a)Worst grade per individual patient report, b)Grade assigned per National Cancer Institute Common Toxicity Criteria, ver. 3.

in increased GC toxicities or vice versa cannot be clearly
stated. In addition, due to the small sample size we cannot
make conclusions regarding the observed pT0 rate of 17%
compared to historical controls. Furthermore, while all
enrolled patients had clinical N0 disease, it is noteworthy
that pathologic node involvement was demonstrated in three
patients following surgery. In all cases, repeat imaging performed in the immediate preoperative period showed no
clinical evidence of regional nodal metastases. In addition,
the clinical understaging of MIBC is a commonly observed
phenomenon. Therefore, while it is likely that these findings
represent subclinical nodal metastases discovered upon
lymph node dissection, we cannot exclude the possibility of
disease progression through the GCL neoadjuvant regimen.
The suggested dose range for lapatinib in phase II trials is
1,250-1,500 mg daily [13,14], and multiple clinical trials of
lapatinib in combination with chemotherapy have been conducted with daily lapatinib doses of 1,250-1,500 mg [15,16].
In addition, lapatinib at daily doses of 750 mg, 1,000 mg, and
1,250 mg was studied in combination with standard-dose GC
chemotherapy on a 28-day cycle length in a phase I study of
advanced/metastatic bladder cancer patients [17]. This dosefinding study yielded a maximum tolerated lapatinib dose
of 1,250 mg daily [17]. Although we selected a conservative
lapatinib starting dose of 1,000 mg daily for the neoadjuvant
GCL regimen, toxicities nonetheless proved to be treatmentlimiting. Indeed, even with a lower starting dose of lapatinib
750 mg daily, one of two patients discontinued therapy due
to excessive toxicity.
The reason for the discrepant toxicity findings between the
reported phase I GCL study in metastatic disease and the
current neoadjuvant GCL study is unclear. However, the limited number of treated patients and/or differences in the
treatment schedule (21-day vs. 28-day cycle length) may
have contributed to the observed differences. In addition, as

1088

CANCER RESEARCH AND TREATMENT

the trials were conducted in different geographic locations
(Europe vs. United States), regional or site-specific differences may have accounted for the observed differences. It is
not likely that underlying patient comorbidities significantly
influenced the tolerance of this neoadjuvant regimen, as all
enrolled subjects demonstrated good functional status, adequate organ function, and baseline comorbidities common to
the general bladder cancer population (tobacco exposure,
hypertension, and hyperlipidemia).
These results again demonstrate the limitations of determining the maximum tolerated dose in novel targeted combination regimens due to the development of cumulative
toxicities after multiple cycles of therapy, as has been previously described [18,19]. In particular, the late toxicities
(occurring after cycle 1) of molecularly-targeted agents may
not be adequately reflected in the conventionally-defined
recommended phase II dose [18,20]. These current findings
amount to a negative phase I study, and clearly demonstrate
the critical importance of more complete GCL dose-escalation data before further study of this regimen in the neoadjuvant setting.
Urothelial cancer is regarded as a chemosensitive disease,
and neoadjuvant chemotherapy for MIBC historically yields
pT0 rates of 25%-35% [2,21], and a pT0 response has been
associated with a durable survival benefit. However, there is
an increasing general belief that further alterations in conventional cytotoxic chemotherapy will not dramatically
improve important clinical outcomes in urothelial cancer.
Based on a recently increased understanding of the molecular biology of urothelial cancer, the addition of targeted
agents to cisplatin-based neoadjuvant chemotherapy is therefore a logical next step in an effort to improve pT0 rates and
survival outcomes in MIBC. However, given the potential for
poor drug tolerance and the conceivable resultant risk of
patients receiving inadequate standard treatment, a thorough evaluation of the maximum tolerated combination
therapy dose in the advanced disease setting is prudent prior
to study in the curative-intent setting.
Dual-inhibition of EGFR and HER-2 with lapatinib
monotherapy has been studied in the setting of metastatic
urothelial cancer (mUC) with modest results. In a phase II
study of lapatinib monotherapy as second-line treatment for
mUC patients, lapatinib therapy did not meet the primary
endpoint of an objective response rate of > 10% [9]. However,
an OS benefit was noted for patients whose tumors overexpressed EGFR and/or HER-2 (! 2+ expression by IHC) [9].
In a histology-independent randomized discontinuation
study of lapatinib monotherapy in HER-2 amplified tumors,
including nine patients with advanced bladder cancer, the
objective response rate was 3%, and 28% of patients achieved
stable disease (including three bladder cancer patients) [22].
This study was terminated early due to the low response rate
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Table 4. Pathologic outcomes at radical cystectomy
Variable

No. (%)

Clinical stagea)

Pathologic stagea)

2 (33)
1 (17)
0 (17)
1 (17)
4 (67)
4 (67)
3 (50)

-

-

-

T4 N0
T4 N0
T3 N0
T3 N0
T2 N0
T3 N0

T4 N2
T4 N2
T2a N0
T3b N2
T3b N0
T0 N0

a)

Surgical pathology
Organ confined disease
pT0
pTis-pT1
pT2
Non-organ confined disease
pT3-4
pN+
Individual patient pathologic outcomes
Patient 1
Patient 2
Patient 3
Patient 4
Patient 5
Patient 6
a)

Based on American Joint Committee on Cancer (AJCC) staging classification (1997).

and poor accrual. More recently, a phase II/III study of more
than 200 patients with HER-1 or HER-2–positive mUC evaluated maintenance lapatinib following first-line chemotherapy. Maintenance lapatinib failed to improve PFS in this
molecularly-defined population [23].
Several other therapies targeting EGFR and/or HER-2
have similarly been evaluated in the treatment of urothelial
cancer. In a phase II study of 20 unselected patients with
MIBC, neoadjuvant therapy with the EGFR inhibitor
erlotinib was well-tolerated and yielded a pT0 rate of 25%
[24]. A multicenter phase II study evaluated trastuzumab,
the humanized monoclonal antibody targeting HER-2, in
combination with paclitaxel, carboplatin, and gemcitabine in
the treatment of patients with HER-2 overexpressing
advanced urothelial cancers [25]. An overall response rate of
70% was demonstrated among 44 evaluable patients using
this combination regimen [25]. Finally, recruitment for a
phase II study of the EGFR and HER-2 inhibitor, afatinib, in
patients with advanced urothelial cancers refractory to platinum-based chemotherapy is currently underway (NCT
02122172). Therefore, while results with lapatinib have thus
far been discouraging, the targeting of EGFR and/or HER-2
remains an area of active investigation in the treatment of
urothelial malignancy.

Conclusion
In this preliminary experience, the addition of the selected
dose of lapatinib to standard GC neoadjuvant chemotherapy
was not successful due to excessive toxicity. The clinical
efficacy of the neoadjuvant GCL regimen cannot be determined due to the small patient sample size. The results of
future and ongoing studies are needed to determine whether
dual-inhibition of EGFR and HER-2 in combination with cisplatin-based chemotherapy is a safe and effective therapeutic
strategy in MIBC. In addition, as oncology drug development continues its shift towards molecularly-targeted therapies, numerous clinical trials combining targeted therapies
with conventional cytotoxic chemotherapy will undoubtedly
be conducted. With this growing enthusiasm and mounting
pressure for rapid drug development, the current findings
illustrate the importance of careful step-wise drug development with thorough dose-finding for novel targeted therapies.
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Purpose
The purpose of this study is to compare the outcomes of first-line systemic targeted therapy
(TT) and immunotherapy (IT) in patients with metastatic renal cell carcinoma (mRCC).
Materials and Methods
This study was a retrospective review of the data of 262 patients treated with systemic IT
or TT with tyrosine kinase inhibitors between 2003 and 2013. The objective response rate
(ORR), progression-free survival (PFS), and overall survival (OS) were assessed using
Response Evaluation Criteria in Solid Tumor ver. 1.0 criteria and the Kaplan-Meier method
with log-rank test.
Results
During the median 4.3-month treatment and the 24-month follow-up period, the
ORR/PFS/OS of the overall first-line and second-line therapy were 41.9%/8.1 months/16.8
months and 27.5%/6.5 months/15.3 months, respectively. The first-line TT/IT/sequential
IT had a PFS of 9.3/6.4/5.7 months and an OS of 15.8/16.5/40.6 months (all p < 0.05).
The second-line of TT/IT had a PFS of 7.1/2.1 months (both p < 0.05) and an OS of 16.6/8.6
months (p=0.636), respectively. Pazopanib provided the best median PFS of 11.0 months
(p < 0.001) and a quadruple IT regimen had a superior PFS (p=0.522). For OS, sequential
treatment with IT and TT was superior compared to treatment with either IT or TT alone
(40.6/16.5/15.8 months, p=0.014). The prognosis according to the Memorial Sloan Kettering Cancer Center model showed that favorable/intermediate/poor risk groups had a
PFS of 8.5/10.4/2.3 months, and an OS of 43.1/20.4/5.6 months, respectively. The prognosis calculated using the Heng model showed that the favorable/intermediate/poor risk
groups had a PFS of 9.2/3.9/2.7 months, and an OS of 32.4/16.5/6.1months, respectively
(all p < 0.001).
Conclusion
In patients with mRCC, TT provided a better PFS and OS compared with IT.

Introduction
Worldwide, metastases are observed in 20%-30% of
patients with an initial diagnosis of renal cell carcinoma
(RCC), even in those with localized RCC who undergo curative nephrectomy during follow-up. In the immunotherapy
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(IT) era, cytokine-mediated IT using interferon alpha (IFN!) or interleukin-2 (IL-2) or both were the first-line systemic
treatment modalities for metastatic RCC (mRCC) [1,2]. However, the outcomes of IT were often unsatisfactory. Further
attempts to augment cytokine-based IT activity (e.g., inclusion of vinblastine and 5-fluorouracil [5-FU] chemotherapy)
led to slightly improved objective response rate (ORR) [3,4].
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However, the efficacy of such combinations was likely due
to the cytokine effect, because the addition of vinblastine did
not improve the progression-free survival (PFS) or overall
survival (OS) [3]. The reported median survival time of
mRCC in the IT era was 12 months and the 2-year survival
rate was 10%-20%, mainly due to a low ORR of 10%-20%,
with long-term durable responses only observed in 5%-7%
of patients undergoing high-dose IL-2–based therapy [5,6].
Recent advances in understanding of the biology and
genetics of RCC have led to the introduction of several novel
multi-pathway targeted agents. Clinical trials in treatmentnaïve mRCC patients conducted in Western and Asian countries have shown that targeted therapy (TT) had superior
efficacy when compared with cytokine-based IT [2,7]. In
terms of PFS and OS, the clinical outcome of patients with
mRCC has improved dramatically since the introduction of
TT, which has now replaced IT as the standard systemic
treatment for mRCC [1].
To facilitate prompt management strategies and achieve
the optimal therapeutic response, physicians should be
aware of the efficacies and limitations of systemic mono,
combinational, and sequential therapies of diverse therapeutic agents for the treatment of mRCC. However, few large
studies comparing the outcome of IT and TT in patients with
mRCC have been reported, although small comparative
studies have been conducted [8]. The current study assessed
the outcome of systemic TT and IT administered to a large
number of patients with mRCC over a 10-year period at a
single Korean cancer institution.

Materials and Methods
1. Patients
Data from 262 patients with mRCC treated with systemic
agents between 2003 and 2013 were evaluated retrospectively. Patients who were administered IT as a systemic therapy between 2003 and 2013 were selected from the
prospectively recorded RCC database of the National Cancer
Center Hospital, and those administered TT who were
treated between 2006 and 2013 were selected. The clinicopathological data of all 262 patients are summarized in
Table 1.
Of the 262 patients, 135 (51.5%) underwent first-line IT regimens based on mono or combinational therapy with IFN-!,
IL-2, 5-FU, or vinblastine. The remaining 127 patients (48.5%)
underwent first-line systemic TT. Eligible patients were
18-75 years old. Patients with no follow-up history and who
had incomplete RCC treatment histories were excluded.

Additional information about the clinical outcomes of 96
patients treated with either TT or IT as a sequential secondline systemic therapy was also evaluated.
2. Treatment regimens
The choice of IT or TT was at the discretion of the treating
urologist (J.C.) and was based on the patient’s histopathology
and coverage by the National Health Insurance System.
Combination IT comprised different combinations of subcutaneous recombinant human IL-2 (Aldesleukin, Proleukin,
Chiron Corporation, Emeryville, CA) or recombinant human
IFN-! (IFN-alpha-2a, Roferon-A, Hoffmann-La Roche, Nutley, NJ), and intravenous 5-FU (JW Pharm, Seoul, Korea) or
vinblastine (United Pharm, Seoul, Korea). The triple or
quadruple regimens were administered as follows: IL-2, 20
MIU/m2 on days 3–5 of weeks 1 and 4, and 5 MIU/m2 IL-2
on days 1, 3, and 5 of weeks 2 and 3; IFN-!, 6 MIU/m2 on
day 1 of weeks 1 and 4 and on days 1, 3, and 5 of weeks 2
and 3, and 9 MIU/m2 on days 1, 3, and 5 of weeks 5-8; 5-FU,
750 mg/m2 once weekly during weeks 5-8; with (quadruple)
or without vinblastine (triple) at 0.1 mg/kg once weekly during weeks 5-8. The dual combination regimen of vinblastine
plus IFN-! was administered as IFN-! at 9 MIU/m2 on days
1, 3, and 5 each week, and vinblastine at 0.1 mg/kg every
3 weeks.
3. Targeted therapy
All TT was administered orally. For sunitinib, each cycle
consisted of 50 mg/day for 4 weeks followed by a 2-week
hiatus. For sorafenib, each cycle consisted of consecutive 400
mg twice daily per week. For pazopanib, each cycle consisted
of consecutive 800 mg once daily per week. Subjects were
administered consecutive 10 mg of everolimus once a day
per week and 5 mg of axitinib twice a day per week as the
second-line TT. The treatment response was assessed every
4-6 weeks for sorafenib, pazopanib, everolimus, and axitinib.
4. Follow-up
During follow-up, meticulous history taking, physical
examination, routine blood tests, abdominal computed
tomography (CT), radionuclide bone scan, simple chest radiography, and/or chest CT, and electrocardiography were
performed at regular intervals. In addition, mandatory thyroid function tests and echocardiography were performed in
patients scheduled to receive TT. All responses were evaluated on CT imaging according to the Response Evaluation
Criteria in Solid Tumor (RECIST) ver. 1.0. Therapeutic
responses were assessed at the end of each cycle (at 8 weeks
for the triple and quadruple IT regimens) or every 3-4 cycles
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Table 1. Patient baseline demographics
Parameter
Age, mean±SD (yr)
Sex (male/female)
BMI, mean±SD (kg/m2)
Underlying disease
Diabetes
Hypertension
Ischemic heart disease
Cerebrovascular disease
Karnofsky performance score
! 80%
50-70%
MSKCC risk group
Favorable
Intermediate
Poor
Unknown
Heng risk group
Favorable
Intermediate
Poor
Unknown
Treatment duration, median (range, mo)
Metastatic site
Lung
Liver
LN
Bone
Brain
Other
Clinical T stage
T1
T2
T3
T4
Tx
Clinical N stage
N1
Nx
Renal embolization
Nephrectomy
Pathologic T stage
T1
T2
T3
T4
Tx
Pathologic N stage
N1
Nx
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Table 1. Continued
No. (%) (n=262)
57.3±11.6
204 (77.9)/
58 (22.1)
23.4±3.2

Parameter

No. (%) (n=262)

37 (14.1)
109 (42)
16 (6.1)
124 (47.3)

Fuhrmann grade
1
7 (2.7)
2
42 (16)
3
82 (31.3)
4
35 (13.4)
Unknown
96 (36.6)
Histology
Clear cell, pure
178 (67.4)
Mixed
34 (12.9)
Papillary
5 (1.9)
Chromophobe
2 (0.8)
Unclassified
5 (1.9)
Unknown
38 (15.1)
Primary treatment drug
Target therapy
127 (48.5)
Sunitinib
92 (35.1)
Sorafenib
17 (6.5)
Pazopanib
18 (6.9)
Immunotherapy
135 (51.5)
Secondary treatment drug
96 (
Target therapy
83 (86.5)
Sunitinib
33 (39.8)
Sorafenib
23 (27.7)
Pazopanib
3 (3.6)
Everolimus
21 (25.3)
Axitinib
3 (3.6)
Immunotherapy
13 (13.5)
Second-line best response (RECIST criteria 1.0) 69 (100)
PD
28 (40.6)
SD
22 (31.9)
PR
16 (23.2)
CR
3 (4.3)
F/U loss or death
27 (
Second-line progression free survival,
6.5 (4.9-8.0)
median (range, mo)
Target therapy/Immunotherapy,
7.1 (5.8-8.4)/
median (range, mo)
2.1 (1.8-2.4)
Second-line overall survival,
15.3 (8.9-21.7)
median (range, mo)
Target therapy/Immunotherapy,
16.6 (10-22.5)/
median (range, mo)
8.6 (0.1-27.5)

22 (8.3)
27 (10.3)
53 (20.1)
8 (3)
152 (57.9)

SD, standard deviation; BMI, body mass index; MSKCC,
Memorial Sloane Kettering Cancer Center; LN, lymph
node; RECIST, Response Evaluation Criteria in Solid
Tumors; PD, progressive disease; SD, stable disease; PR,
partial response; CR, complete response; F/U, follow-up.

46 (17.6)
97 (37)
2 (0.8)
4 (1.5)
254 (96.9)
8 (3.1)
23 (11.2)
131 (63.6)
52 (25.2)
56 (
41 (17)
160 (66.4)
40 (16.6)
22 (
4.3 (0.1-68.4)
204 (77.3)
44 (16.7)
116 (43.9)
89 (33.7)
23 (8.7)
36 (13.6)
25 (9.5)
32 (12.2)
71 (27.1)
21 (8)
115 (43.6)

12 (4.6)
154 (59.1)
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(at 9-12 weeks for the dual IT regimen). For TT, response was
assessed at the end of two cycles and treatment was continued until disease progression.
5. Statistical analyses
Time to progression and death were assessed using
Kaplan-Meier analysis with the log-rank test. The ORR, PFS,
and OS of the first- and second-line therapies were assessed
according to the systemic agent and the clinical outcomes of
sequential treatment with IT and TT, and their prognostic
stratifications, were also evaluated according to the Memorial Sloan Kettering Cancer Center (MSKCC) and Heng criteria [9,10]. Statistical analyses were performed using Stata
software (Release 9.2, StataCorp., College Station, TX). A
p-value of < 0.5 was considered statistically significant.
6. Ethical statements
Following approval by the Institutional Review Board
(IRB) of the Research Institute and Hospital National Cancer
Center (IRB No. NCC2015-0212), patient record/information
was anonymized and de-identified prior to analysis. All
study protocols were conducted according to the ethical
guidelines of the World Medical Association Declaration of
Helsinki-Ethical Principles for Medical Research Involving
Human Subjects. The requirement for written consent was
waived by the IRB.

Results
During the treatment period (median duration, 4.3
months) and the 24-month follow-up period, the first-line
ORR, PFS, and OS were 41.9%, 8.1 months, and 16.8 months,
respectively (Table 1). During these same periods, the second-line ORR, PFS, and OS were 27.5%, 6.5 months, and 15.3
months, respectively. Significantly better prognostic outcomes of second-line PFS were observed in the TT group (7.1
months) compared with the IT group (2.1 months) (p=0.002).
However, second-line OS was not significantly different
between the TT (16.6 months) and IT (8.6 months) groups
(p=0.636).
In subgroup analyses of first-line systemic therapies, the
TT, IT, and sequential groups had a PFS of 9.3, 6.4, and 5.7
months (p=0.819), respectively, and an OS of 15.8, 16.5, and
40.6 months (p=0.014), respectively (Table 2, Fig. 1). Pazopanib provided the best median PFS response, followed by
sorafenib, sunitinib, and IT (p=0.053) (Table 2, Fig. 2). The
quadruple IT regimen had superior PFS to that of IT mono,

dual, or triple regimens (p=0.522) (Table 2). Among the 14
IT-treated patients who achieved a complete response (CR),
eight (5.9%) remained alive with a mean response duration
of 104.5±42.8 months (median, 123 months; range, 33.1 to
156.7 months); four of these (3.15%) also received TT treatment. For the seven TT-treated patients who achieved a CR,
four remained alive, with a median response duration of 22.8
months (range, 13.9 to 54.8 months) (Table 2).
For the risk-stratified subgroup analyses that were
dependent on the MSKCC and Heng criteria (Table 3), the
clinical outcomes of PFS for each stratified prognostic group
were followed subsequently in order according to their consecutive risk groups. When stratified according to the
MSKCC or Heng criteria, treatments had differential outcomes for median OS. For the favorable MSKCC risk group
in the first-line therapy, TT showed a superior OS compared
with IT or sequential IT plus TT (p < 0.001) (Table 3). In contrast, for the favorable Heng risk group, IT had superior OS
compared with TT or IT plus TT (p < 0.001). Other prognostic
outcomes of first-line therapies and PFS and OS of secondline therapies, as calculated using the MSKCC and Heng risk
group models, are summarized in Table 3.

Discussion
Since the introduction of TT, the therapeutic regimen paradigm has shifted from IT to TT in mRCC. The prognoses
have also improved dramatically in the clinical setting. In the
current study, differences in prognoses in mRCC patients
treated either with IT, TT, or sequential therapy as the firstand second-line systemic therapies were examined at a single
center during 10 years.
The current study showed that the median PFS and OS of
IT regimens was superior or equivocal to those observed in
other Western studies on IT [2,5,6,11], and their ORR of
41.9% and disease control rate of 69.5% (31.1% and 54.8%;
including 59 follow-up loss and death patients) were superior to those reported in a previous Korean study on IT (18%
and 51%, respectively) (Table 1) [8]. The use of 5-FU or vinblastine chemotherapy in conjunction with IT increased the
PFS by 0.5-3 months in 40.0% of the patients undergoing IT
treatment, and quadruple IT resulted in the best PFS (8.8
months) compared with all other IT combinations (5.8-6.2
months) (Table 2). This suggests that the clinical benefit of
an IT with the addition of a chemotherapy regimen should
be carefully considered in terms of whether the increased
survival gains would outweigh the likely increase in adverse
events.
Patients previously treated with high-dose IL-2 achieved
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Table 2. Comparison of clinicopathological parameters between first-line IT and TT
Parameter
Age, mean±SD (yr)
Sex (male/female)
BMI, mean±SD (kg/m2)
Underlying disease
Diabetes
Hypertension
Ischemic heart disease
Cerebrovascular disease
Karnofsky performance score
> 80%
50-70%
MSKCC risk group
Favorable
Intermediate
Poor
Unknown
Heng risk group
Favorable
Intermediate
Poor
Unknown
Treatment duration, mean±SD (mo)
Metastatic site
Lung
Liver
LN
Bone
Brain
Other
Clinical T stage
T1
T2
T3
T4
Tx
Clinical N stage
N1
Nx
Renal embolization
Nephrectomy
Primary renal tumor in situ
Fuhrmann grade
1
2
3
4
Unknown
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IT (n=135)
56.1±11.9
104/31 (77/23)
23.6±3.5

TT (n=127)

p-value

58.5±11.2
100/27 (78.7/21.3)
23.3±2.7

0.101
0.768
0.421

18 (13.3)
42 (31.3)
0(
0(

28 (22.0)
55 (43.3)
2 (1.6)
4 (3.1)

0.075
0.055
0.234
0.054

131 (97.0)
4 (3.0)

123 (96.9)
4 (3.1)

0.481

10 (7.4)
63 (46.7)
27 (20.0)
35 (25.9)

13 (10.3)
68 (53.5)
25 (19.7)
21 (16.5)

0.814

20 (14.8)
87 (64.4)
21 (15.6)
7 (5.2)
7.2±9.8

21 (16.5)
73 (57.5)
19 (15.0)
14 (11.0)
9.0±12.3

0.795

0.204

102 (75.6)
20 (14.8)
52 (38.5)
45 (33.3)
9 (6.7)
15 (11.1)

102 (80.3)
24 (18.9)
64 (50.4)
44 (34.6)
14 (11.0)
21 (16.5)

0.633
0.496
0.099
0.675
0.433
0.421

13 (9.6)
18 (13.3)
36 (26.7)
10 (7.4)
60 (44.4)

12 (9.4)
14 (11.0)
35 (27.6)
11 (8.7)
55 (43.3)

0.049

18 (13.3)
58 (43.0)
11 (8.1)
101 (74.8)
25 (18.5)

19 (15.0)
51 (40.2)
5 (3.9)
67 (52.8)
56 (43.3)

0.017

2 (1.5)
16 (11.9)
47 (34.8)
15 (11.1)
65 (48.1)

5 (3.9)
26 (20.5)
35 (27.6)
20 (15.7)
41 (32.3)

0.199
< 0.001
< 0.001
0.116
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Table 2. Continued
Parameter
Histology
Clear cell, pure
Mixed
Papillary
Chromophobe
Unclassified
Unknown
Primary treating drug

Best overall response
CR
PR
SD
PD
F/U loss or death
PFS, median (range, mo)

PFS of IT, median (range)
Monotherapy (n=48)
Dual therapy (n=33)
Triple therapy (n=46)
Quadruple therapy (n=8)
OS, median (range, mo)

IT
84 (62.2)
6 (4.4)
9 (6.7)
0(
0(
36 (26.7)
IL-2: 11 (8.1)
IFN-!: 65 (48.1)
IL-2+IFN-!: 57 (42.2)
Others: 2 (1.5)
14 (10.4)
28 (20.7)
32 (23.7)
34 (25.2)
29 (21.5)
6.4 (4.2-8.6)
5.7 (1.9-9.6)a)
IL-2: 3.3 (0.1-24.3)
IFN-!: 5.8 (0.1-65.6)
IL-2+IFN-!: 16.3 (0.4-20.2)
5.8 (0.1-65.6)
7.5 (0.1-22.5)
6.2 (0.7-15.5)
8.8 (1.7-20.2)
16.5 (0.7-156.7)
40.6 (38.2-43.0)a)

TT

p-value

94 (74.0)
13 (10.2)
6 (4.7)
1 (0.7)
5 (3.9)
10 (7.9)
Sunitinib: 92 (35.1)
Sorafenib: 17 (6.5)
Pazopanib: 18 (6.9)

0.066

NA

7 (5.6)
36 (28.3)
24 (18.9)
28 (22.0)
32 (25.2)
9.3 (6.8-11.7)
Sunitinib: 8.5 (0.2-68.4)
Sorafenib: 9.0 (0.1-22.3)
Pazopanib: 11.0 (0.5-36.4)
NA

0.242

0.026
0.819
0.053

0.522

15.8 (0.3-78.4)

0.452
0.014

IT, immunotherapy; TT, targeted therapy; SD, standard deviation; BMI, body mass index; MSKCC, Memorial Sloane Kettering Cancer Center; LN, lymph node; Tx, treatment; IL-2, interleukin 2; NA, not available; IFN-!, interferon !; CR, complete
response; PR, partial response; SD, stable disease; PD, progressive disease; F/U, follow-up; PFS, progression-free survival;
OS, overall survival. a)Progression-free survival and overall survival for IT alone/IT with subsequent TT versus TT alone.

a 15% of ORR with a median duration of 54 months [6], suggesting that high-dose IL-2 treatment may have been curative
in a small minority of patients [5]. There are no clear guidelines regarding patient selection; however, retrospective
studies have suggested that IL-2 was more efficacious in
patients with a clear cell histology and favorable prognosis
[12]. IFN-!, another systemic immunotherapeutic agent for
mRCC, has consistently demonstrated low but reproducible
responses (10%-20%) with occasional durable responses with
a PFS and OS of 5-5.6 and 4.1-21.8 months, respectively
[4,13,14]. This is similar to the data of the patients in the current study undergoing IFN-! monotherapy who had similar
PFS and OS (5.8 months) (Table 2) and 19.3 months (19.3
months, data not shown).

A combination of IL-2 and IFN-! showed a better clinical
outcome in terms of ORR and PFS when compared with IL2 monotherapy (Table 2). In addition, sequential therapy
with the combined IT and TT regimen resulted in a better OS
(40.6 months) compared to single TT (15.8 months) and single IT (16.5 months) treatment regimens (p=0.014) (Table 2).
However, this outstanding sequential therapy OS may have
resulted from our selection of patients who were capable of
surviving IT prior to TT and were expected to have a good
performance based on favorable prognostic modeling with
a fairly low tumor burden and a history of nephrectomy.
In particular, patients with rapid progression might be
excluded from participation before beginning TT. Therefore,
conditional survival may be an important methodology
VOLUME 48 NUMBER 3 JULY 2016
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B

A
ICTx
TT
ICTx and TT
ICTx-censored
TT-censored
ICTx and TT-censored

0.8
0.6

p=0.819

0.4
0.2

6.4 mo
5.7 mo

0

1.0

First-line thrapy

25

0

Cumulative probability of OS

Cumulative probability of PFS

1.0

Initial drug
ICTx
TT
ICTx and TT
ICTx-censored
TT-censored
ICTx and TT-censored

0.8
0.6

p=0.014
40.6 mo

0.4
0.2

16.5 mo
15.8 mo

9.3 mo

50
75
100
Follow-up (mo)

125

0

0

50

100
150
Follow-up (mo)

200

Cumulative incidence probability of survival

Fig. 1. Progression-free survival (PFS) (A) and overall survival (OS) (B) curves for first-line systemic therapies in patients
with metastatic renal cell carcinoma treated with immunotherapy alone, targeted therapy alone, or both therapies in sequence.
ICTx, immunotherapy; TT, targeted therapy.

1.0

Initial drug
Sunitinib
Sorafenib
Pazopanib
ICTx
Sunitinib-consored
Sorafenib-consored
Pazopanib-consored
ICTx-consored

0.8
0.6
0.4
0.2
0

p=0.053

11.0 mo

8.5 mo
4.2 mo

9.0 mo

0

20

40
Follow-up (mo)

60

Fig. 2. Progression-free survival curves for first-line systemic therapies in patients with metastatic renal cell carcinoma. ICTx, immunotherapy.

when evaluating the prognosis of mRCC patients treated
with sub-sequential TT.
In recent decades, compared with IT, multiple single TTs
have shown greater activity in terms of PFS, specifically
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when compared with IFN-! [7,13]. However, a clinically relevant increase in CR and OS has not been reported and the
role of TT in increasing the curability of mRCC has not been
fully elucidated. From a pharmacological viewpoint, the
unsatisfactory results of TT to induce a CR may be explained
in part by their mechanism of action, which appears to be
more cytostatic than cytotoxic [15]. The current study also
showed that the OS (15.8 months), ORR (33.9%), and CR
(5.6%) of TT were either similar or inferior to the OS (16.5
months), ORR (31.1%), and CR (10.4%) of IT (Table 2).
The percentage of patients reaching CR for sunitinib,
sorafenib, and pazopanib as first-line TT was reported as
1%-3% in earlier real-world clinical trials, post-marketing allpatient surveillance trials, and pivotal trials [16-18]. The
higher CR rate (5.6%) in this study would actually be much
lower than observed because patients who stopped therapy
after achieving CR during a substantial follow-up had a
higher rate of relapse than patients who continued sequential
therapy, as shown in a recent, large, retrospective study evaluating mRCC patients who were in CR during tyrosine
kinase inhibitor treatment (either alone or in combination
with local treatment) [19]. Another possible explanation for
achievement of high CR would be that it is often integrated
with TT with surgery, radiotherapy, or both. Johannsen et al.
[20] reported a similarly increased CR rate in comparison
with the current study in patients treated with tyrosine
kinase inhibitors plus surgery (4.5%) when compared to

20
68
17
18
59
11
-

Intermediate
Poor
Heng IT
Favorable
Intermediate
Poor
Heng TT
Favorable
Intermediate
Poor
Heng IT and TT Favorable
Intermediate
Poor

9.2 (2-65.6)
6.3 (0.1-34.0)
4.1 (0.1-13.3)
22.3 (1.4-63.2)
8.4 (0.1-68.4)
4.3 (0.5-9.8)
-

8.5 (1.4-65.6)
10.4 (0.1-68.4)
2.3 (0.1-16.2)
9.2 (1.4-65.6)
3.9 (0.1-68.4)
2.7 (0.1-13.3)
34.9 (2.1-65.6)
24.6 (0.1-34.0)
6.6 (0.1-15.4)
39.6 (1.4-63.2)
13.1 (0.2-68.4)
4.7 (0.1-16.2)
-

First-line

< 0.001

< 0.001

< 0.001

< 0.001

p-value

-

16
42
10
23
48
6
-

No.

-

12.7 (9.7-15.7)
5.6 (3.4-7.8)
4.1 (3.3-4.9)
14.2 (1.4-65.6)
4.6 (2.6-6.6)
4.1 (2.9-5.2)
-

Second-line

-

-

0.010

0.047

p-value

16
5
7
68
18
20
72
19
13
17
3

22
128
52
40
159
40
2
45
22
17
70
25
8

No.

40.8 (5.8-123.5)
9 (5.5-39.3)
66.2 (8.4-149.6)
16.6 (1.0-133.5)
5.91 (0.7-156.7)
40.8 (3.6-68.3)
14.1 (0.3-78.4)
4.7 (0.9-16.4)
41.9 (8.4-95.8)
40.7 (5.5-123.5)
9.0 (7.3-9.2)

43.1 (18.3-134.7)
20.4 (0.4-129.8)
5.6 (0.3-156.7)
32.4 (3.6-149.6)
16.5 (0.3-133.5)
6.1 (0.7-156.7)
29.8 (29.8-134.7)
21.2 (2.5-129.8)
6.0 (2.2-156.7)
43.1 (15.6-78.4)
14.6 (0.4-75.5)
4.7 (0.3-18.6)
29.9 (20.4-94.6)

First-line

-

6
42
10
23
48
6
-

No.

OS
p-value

-

-

23.5 (9.8-37.3) < 0.001
13.0 (5.6-20.4)
4.6 (2.4-6.8)
23.5 (13.6-33.4) < 0.001
14.5 (6.3-22.7)
4.6 (2.1-7.1)
-

Second-line

Values are presented as median (range, mo). PFS, progression-free survival; OS, overall survival; MSKCC, Memorial Sloane Kettering Cancer Center; IT,
immunotherapy; TT, targeted therapy; ICTx, immunotherapy.

MSKCC ICTx
and TT

MSKCC TT

MSKCC IT

Heng

21
107
35
38
128
27
10
54
19
16
57
16
-

Favorable
Intermediate
Poor
Favorable
Intermediate
Poor
Favorable
Intermediate
Poor
Favorable
Intermediate
Poor
Favorable

MSKCC

No.

PFS

Table 3. Comparison of PFS and OS of first-line and second-line immunotherapy and targeted therapy according to their Heng and MSKCC risks
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those treated with medical therapy alone (1.8%). The current
study also showed a significantly longer PFS (11.2 months)
and greater CR rates (5.4%) in patients who underwent
nephrectomy plus TT compared to patients who underwent
TT alone (PFS, 5.6 months; CR rate, 1.0%; data not shown in
tables).
Previous extended-access and post-marketing all-patient
surveillance trials have reported 16-22%/25.9%/39% of
ORRs and 5.2-9.4/6.0/13.7 months of PFSs for sunitinib,
sorafenib, and pazopanib in mRCC patients, respectively
[16-18,21]. The ORRs for sunitinib, sorafenib, and pazopanib
reported in the current study were superior to those reported
in previous studies (44.1%, 27.3%, and 62.5%, respectively;
data not shown); except for the PFS inferior or similar to previous studies (8.5, 9.0, and 11.0 months, respectively)
[16-18,21].
Additional evaluation of second-line systemic therapies for
their ORR, PFS, and OS (27.5%, 6.5 months, and 15.3 months,
respectively) was similar or superior to that of previous trials
with second-line therapy in cytokine- or TT-refractory mRCC
patients (ORR, 9% to 23%; PFS, 4 to 7.4 months; OS, 11.5 to
16.3 months) [7]. These differences of ORR, PFS, and OS are
likely due to follow-up time, differences in clinical policies
between clinicians surrounding various treatment modalities, differences in baseline study populations such as disease
burden, nephrectomy rate, and physical body composition,
as has been previously demonstrated for other malignancies
[22,23].
Regarding the analyses of prognostic models, patients with
favorable MSKCC or Heng risk group showed longer survival [24]. In agreement, in the current study, those with
favorable MSKCC or Heng risk group of first- and secondline therapy had a significantly better prognosis compared
to those with poor or intermediate risk group (Table 3).
When stratified according to MSKCC and Heng criteria, the
PFS for all groups in the first-line therapy was better in those
treated with TT compared to those treated with IT. However,

those with a favorable Heng risk group treated with IT
showed a superior OS in the first-line therapy, compared to
all other groups and treatments.
There are some limitations of the current study. It was a
retrospective study with a small patient population, with a
possible patient selection bias based on the era of when systemic therapy was initiated. The relevance of the stratified
findings based on MSKCC and Heng criteria is not fully
understood and should be developed further in future largescale multicenter studies with a more diverse patient population.

Conclusion
Although the ORR of TT and IT were comparable in this
study, TT demonstrated superior PFS and OS compared with
IT in patients with mRCC. This supports the hypothesis that
the clinical outcomes of patients with mRCC have shown significant improvement since the introduction of TT.
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Purpose
The Korean Society of Radiation Oncologists (KOSRO) conducted the Patterns of Care Study
(PCS) of radiotherapy (RT) for spine metastases in 2009. The current study was conducted
to investigate current practice patterns and compare them with the results of the PCS.
Materials and Methods
The survey questionnaire was composed of 10 questions regarding general information
and seven questions for each of two clinical scenarios.
Results
Fifty-four members of the KOSRO answered at least one question on the web-based questionnaire. The yearly number of patients treated who underwent palliative spine RT was
greater than 200 in 14 (25.9%), 51 to 100 in 13 (24.1%), and 31 to 50 in 11 respondents
(20.4%). Scenario 1 described a patient presenting with cord compressive spine metastasis
in multiple bones and liver metastasis from non-small cell lung cancer. Thirty gray (Gy) in
10 fractions was chosen by 35 respondents (64.8%). Scenario 2 described a case of a
single spine metastasis without progression after targeted therapy. Thirty Gy in 10 fractions
was chosen by 19 respondents (35.2%), and a single fraction or less than four fractions of
stereotactic ablative radiotherapy (SABR) were selected by 18 respondents (33.3%). When
compared with the 2009 PCS, practice patterns of Korean radiation oncologists had not
changed significantly over 5 years, except that SABR emerged as a new treatment modality
in the selected population.
Conclusion
The 2014 PCS demonstrated that multiple fraction RT is still preferred in a considerable
proportion of Korean radiation oncologists.

Introduction
Spine metastasis is highly problematic in clinical oncology
practice [1]. A tremendous survival difference can be seen in
patients with spine metastasis according to disease extent,
histologic type, treatment method, performance status, and
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duration of disease free survival [2-6]. Because of the diverse
outcomes of spine metastases based on different disease presentations, there is considerable heterogeneity in practice
patterns for spine metastasis, even when focusing only on
patterns of radiation oncology practice [7-10]. Furthermore,
survival duration of patients with distant metastasis has been
continuously extended due to recent developments in sys-
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temic, loco-regional, and supportive care [11,12]. For these
reasons, single-fraction radiotherapy (RT) is still underused
globally, although several randomized studies have indicated that single-fraction RT is as effective as multiple fractions [13-15].
A previous study of practice patterns of Korean radiation
oncologists for spine metastasis was conducted in October
2009 with results published in December 2013 [16]. In that
study, most Korean radiation oncologists preferred multiple
fractionations over single-fraction RT, findings similar to
those of patterns of care studies (PCS) conducted in many
other countries.
The current study was planned to investigate the current
practice patterns of RT for spine metastasis and to compare
these patterns with the results of the 2009 Korean Society of
Radiation Oncologists (KOSRO) PCS on spine metastasis.

Materials and Methods
1. Participants and survey
The subjects of the current PCS were practicing KOSRO
members, who completed an anonymous web-based survey
using Google Docs (Mountain View, CA) from September
2 to September 25, 2014. We requested a response from one
representative radiation oncologist from each institution. Of
81 Korean institutions practicing RT (list of the institutions
is included in the Supplementary Table 1) who received the
questionnaire at the time of the survey, 54 radiation oncologists responded, with a nationwide response rate of 66.7%.
2. Questionnaire
A 24-item questionnaire was created through discussion
with four KOSRO radiation oncologists (Supplementary
Fig. S1). The questionnaire included questions addressing:
(1) general characteristics of the respondents including factors that could influence practice patterns; and (2) two clinical scenarios, which were developed based on typical cases
with a significantly different prognosis. A further scenario
regarding local tumor progression at the same site after RT
was added for evaluation of patterns of re-irradiation.
3. Statistical analysis
Data analysis was performed using the IBM SPSS Statistic
ver. 22.0 software for Windows (IBM Co., Armonk, NY). The
chi-square test or Fisher exact test was used for comparisons
between groups, and the Mann-Whitney test was used in the

comparison of patterns of fractionation and fraction size
between 2009 and 2014. p < 0.05 was considered statistically
significant.

Results
1. Respondents
Among the 54 respondents representing their institutions,
47 respondents (87.0%) worked at educational/university
hospitals. Five (9.3%) worked at public hospitals and the
other two (3.7%) were employed in private hospitals.
The number of patients receiving daily RT was 51 to 100
in 18 respondents (33.3%), 50 or less in 15 respondents
(27.8%), and more than 300 in nine respondents (16.7%). The
yearly number of patients receiving palliative spine RT was
more than 200 in 14 respondents (25.9%), 51 to 100 in 13
respondents (24.1%), and 31 to 50 in 11 respondents (20.4%).
The period of expert radiation oncology practice was 5 to
9 years in 21 respondents (38.9%), 10 to 14 in 13 respondents
(24.1%), and 15 or more in 20 respondents (37.0%).
The specific characteristics of the respondents are summarized in Table 1.
2. Scenario 1
This case describes typical spine metastasis, and the
expected 1-year survival is 25% based on the results of previous studies.
In the first question of scenario 1, a total of 11 different RT
schedules were suggested (range, 8 Gy/1 fraction to 45
Gy/25 fractions with gross tumor boost). Nine respondents
(16.7%) answered that they preferred to use five or fewer
fractions, and the other 41 (75.9%) preferred 10 or more fractions. Four respondents did not answer this question. In the
second question, the preferred RT technique was a single
postero-anterior (PA) field in 14 respondents (25.9%), parallel
opposite antero-posterior (AP)/PA fields in 15 respondents
(27.8%), three-dimensional conformal RT (3D-CRT) in
13 (24.1%), and intensity-modulated RT (IMRT) in two
respondents (3.7%). The other 10 respondents did not answer
this question. In the third question, except for three nonresponders, 37 of 51 respondents (68.5%) replied that steroid
treatment was required in this case.
The other three questions were about the presumed
re-irradiation situation in the same case. Among 50 respondents who answered this question, 31 (57.4%) recommended
re-irradiation in the fourth question. In the fifth question,
with more diverse RT schedules, 17 respondents suggested
VOLUME 48 NUMBER 3 JULY 2016
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Table 1. Characteristics of respondents
Variable

No. of responders (%)

Practice type
Education/University
Public
Private
Average No. of daily patients
! 50
51-100
101-200
201-300
> 300
Not answered
Average No. of annual patients received
palliative spine RT
< 30
31-50
51-100
101-200
> 200
Not answered
No. of co-workers as radiation
oncologist specialists
1
2
3-5
6-10
> 10
Period of practicing radiation
oncologist specialist (yr)
5-9
10-14
" 15
Specialty of radiation oncology
(repeated choice)
Head and neck
Central nervous system
Lung and thorax
Breast
Gastrointestinal
Genitourinary
Gynecology
Pediatric
Hematologic
Benign or others

47 (87.0)
5 (9.3)
2 (3.7)
15 (27.8)
18 (33.3)
5 (9.3)
5 (9.3)
9 (16.7)
2 (3.7)

7 (13.0)
11 (20.4)
13 (24.1)
7 (13.0)
14 (25.9)
2 (3.7)

7 (13.0)
12 (22.2)
20 (37.0)
10 (18.5)
5 (9.3)

21 (38.9)
13 (24.1)
20 (37.0)

24 (44.4)
15 (27.8)
33 (61.1)
21 (38.9)
26 (48.1)
21 (38.9)
22 (40.7)
9 (16.7)
14 (26.0)
11 (20.3)

re-irradiation (range, 8 Gy/1 fraction to 30 Gy/15 fractions),
and 16 respondents did not answer this question. There was
a preference for smaller fractions in this re-irradiation situation; 20 Gy/5 fractions (7/54, 13.0%) and 8 Gy/1 fraction
(6/54, 11.1%) were the most commonly selected schemes.
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Regarding the technical aspect of the sixth question, 23
respondents (42.6%) preferred a more complicated technique
such as IMRT or stereotactic body ablative RT (SABR).
Among the 42 respondents who answered the seventh question, 35 (83.3%) stated that steroid treatment should be recommended in this case.
3. Scenario 2
This scenario describes a case of spine metastasis with
good prognosis and an expected 1-year survival of more than
50%.
For this favorable prognostic case, a total of 14 different
RT schedules were suggested in the first question (range,
20 Gy/4 fractions to 60 Gy/24 fractions). Ten respondents
(18.5%) recommended using a single fraction. Twenty-three
respondents preferred less than 10 fractions and the other 20
respondents chose 10 or more fractions; one respondent
failed to complete this question. The preferred RT technique
of the second question was a single PA field in five respondents (9.3%), parallel opposite AP/PA fields in 12 respondents (22.2%), and 3D-CRT in 13 respondents (24.1%). IMRT
or SABR was preferred by 20 respondents (37.0%). In the
third question, 10 respondents (18.5%) suggested that steroid
treatment was required in this case, except one who did not
answer.
In the three questions regarding re-irradiation after local
progression in the same case, among 53 respondents, 32
respondents (57.4%) recommended re-irradiation. Fourteen
RT schedules were suggested in the presumed re-irradiation
situation. Single 8 Gy was the most preferred scheme (7/54,
13.0%), and 11 respondents did not answer this question.
In the technical aspect, 28 respondents (51.9%) preferred
IMRT or SABR as a re-irradiation technique. Twenty-nine
respondents recommended steroid treatment.
4. Related factors for the pattern of fractionation
The general characteristics of the respondents, which could
potentially be related to the chosen fractionation patterns,
were analyzed and are shown in Table 2. In scenario 1, there
were no significantly related factors. However, respondents
who worked with five or more radiation oncologist specialists at their institutions were more than two times as likely
to use fewer than five fractions (p=0.03). Physicians with a
specialty in the lung or thorax showed less preference for a
short fraction scheme (p=0.047) in scenario 2.
5. Related factors for the pattern of RT technique
The general characteristics of the respondents, which could
potentially influence the selection of RT technique, were
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Table 2. Factors potentially related to the pattern of fractionation
Factor
Type of practice
Education/University
Public
Private
On average number of daily RT patients
> 200
! 200
On average number of annual palliative spine RT
> 100
! 100
No. of dedicated radiation oncology specialist
>5
!5
Period of practice as a radiation oncology specialist (yr)
< 15
" 15
Type of specialty in radiation oncology
Lung/thorax
Other
Type of specialty in radiation oncology
Breast
Other

Scenario 1

Scenario 2

! 5 fx

> 5 fx

p-value

! 5 fx

> 5 fx

p-value

9 (20.0)
0(
0(

36 (80.0)
5 (100)
1 (100)

0.65

19 (41.3)
3 (60.0)
1 (50.0)

27 (58.7)
2 (40.0)
1 (50.0)

0.82

2 (15.4)
7 (19.4)

11 (84.6)
29 (80.6)

> 0.99

8 (61.5)
13 (34.2)

5 (38.5)
25 (65.8)

0.11

2 (10.0)
7 (24.1)

18 (90.0)
22 (75.9)

0.28

11 (55.0)
11 (35.5)

9 (45.0)
20 (64.5)

0.25

2 (14.3)
7 (18.9)

12 (85.7)
30 (81.1)

> 0.99

10 (71.4)
13 (33.3)

4 (28.6)
26 (66.7)

0.03

4 (12.5)
5 (26.3)

28 (87.5)
14 (73.7)

0.27

16 (48.5)
7 (35.0)

17 (51.5)
13 (65.0)

0.40

5 (16.1)
4 (20.0)

26 (83.9)
16 (80.0)

0.72

10 (31.3)
13 (61.9)

22 (68.8)
8 (38.1)

0.047

4 (20.0)
5 (16.1)

16 (80.0)
26 (83.9)

0.72

8 (38.1)
15 (46.9)

13 (61.9)
17 (53.1)

0.58

Values are presented as number (%). RT, radiotherapy.

analyzed and are shown in Table 3; there were no statistically
significant factors in either scenario 1 or 2. However, there
was a tendency of using advanced technique in the respondents who worked with five or more radiation oncologist
specialists.
6. Changes in practice patterns between 2009 and 2014
A direct comparison of changes between 2009 and 2014 is
not possible because of the difference in clinical scenarios
used for each survey; however, a comparison of practice patterns might be possible by categorizing scenarios by performance and life expectancy of the patient. Regarding the
scenario of a patient with a short life expectancy (scenario 1),
nine of 51 respondents (17.6%) preferred five or fewer fractionations (Fig. 1A). In the previous study there were cases
with a similar performance status to L3 spine metastasis with
multiple liver and abdominal lymph nodes in small cell lung
cancer; eight of 80 (10.0%) answered that fewer than 10 fractions were adequate (Fig. 1B). And, the preferred number of
fractions (p=0.175) and fraction size (p=0.197) were not significantly different between 2009 and 2014 in the case show-

ing an unfavorable prognosis.
For the scenario of a patient with a favorable life expectancy (scenario 2), 23 of 53 respondents (43.4%) preferred five
or fewer fractions (Fig. 2A), while only six of 86 respondents
(7.0%) chose fewer than ten fractions in a similar case of
breast cancer with T6 and 7 spine metastases only in the previous study (Fig. 2B). And, the preferred number of fractions
and fraction size (both, p < 0.001) differed significantly
between 2009 and 2014 in the case showing a favorable prognosis.

Discussion
In the current PCS that investigated current practice patterns and compared the results with those of a previous
study on spine metastasis, we found that the practice patterns of Korean radiation oncologists for spine metastasis
patients with a short life expectancy has not changed despite
publication of the previous PCS. In the selected spine metasVOLUME 48 NUMBER 3 JULY 2016
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Table 3. Factors potentially related to the pattern of RT technique
Scenario 1

Factor
Type of practice
Education/University
Public
Private
On average number of daily RT patients
> 200
! 200
On average number of annual palliative spine RT
> 100
! 100
No. of dedicated radiation oncology specialists
>5
!5
Period of practice as a radiation oncology specialist
< 15 yr
" 15 yr
Type of specialty in radiation oncology
Lung/Thorax
Other
Type of specialty in radiation oncology
Breast
Other

Scenario 2

Low

High

p-value

Low

High

p-value

38 (97.4)
4 (100)
0(

1 (2.6)
0(
1 (100)

0.052

23 (54.8)
2 (50.0)
2 (100)

19 (45.2)
2 (50.0)
0(

0.65

12 (100)
28 (93.3)

0(
2 (6.7)

> 0.99

5 (45.5)
22 (62.9)

6 (54.5)
13 (37.1)

0.48

17 (100)
23 (92.0)

0(
2 (8.0)

0.51

8 (44.4)
18 (64.3)

10 (55.6)
10 (35.7)

0.23

13 (100)
29 (93.5)

0(
2 (6.5)

> 0.99

4 (33.3)
23 (63.9)

8 (66.7)
13 (36.1)

0.10

26 (96.3)
16 (94.1)

1 (3.7)
1 (5.9)

> 0.99

15 (51.7)
12 (63.2)

14 (48.3)
7 (36.8)

0.56

25 (96.2)
17 (94.4)

1 (3.8)
1 (5.6)

> 0.99

18 (62.1)
9 (47.4)

11 (37.9)
10 (52.6)

0.38

15 (93.8)
27 (96.4)

1 (6.3)
1 (3.6)

> 0.99

15 (71.4)
12 (44.4)

6 (28.6)
15 (55.6)

0.08

Values are presented as number (%). RT, radiotherapy.

tasis case with expected long-term survival, however, there
is a clear pattern change from greater fractionation to five or
fewer fractions.
External beam RT has become an essential part of the management of painful, uncomplicated bone metastasis from
almost all malignant diseases [17]. Many randomized studies
have attempted to identify a more effective and convenient
scheme of RT fractionation from ten to single [13-15]. These
studies consistently showed that there was no difference in
the pain reduction rate according to the number of fractions.
Short course schedules were more cost-effective than a protracted course, even when considering the higher re-irradiation rate [18]. Considering the convenience, time-saving
nature, and cost-effectiveness of smaller fractionation
schemes, a single fraction might be a reasonable approach to
management of bone metastasis.
As mentioned above, however, the re-irradiation rate was
consistently higher in short-course RT, and these results may
reflect that a higher proportion of patients who received a
short course of RT were suffering from pain and for a longer
duration. If the expected survival time is extended, the proportion and duration would be increased. A reliable assump-
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tion of survival expectancy in spine metastasis, therefore,
could be the first step in appropriate decision making. From
this point of view, many randomized controlled trials conducted before 2000 have some limitations, because all spine
metastases were enrolled without categorizing known prognostic factors such as performance status, primary tumor
location, and disease extent [13-15]. In addition, the reported
median survival duration was primarily less than 12 months
with a median time to treatment failure of less than six
months [14]. Because survival duration varies according to
patient characteristics and disease status, from less than three
months to more than 2 years [19-21], an adaptation of short
fractionation without considering the patient’s situation
could be inappropriate.
Because of the many factors and conditions that should be
considered in the management of spine metastasis, there is
considerable variation in the pattern of clinical practice in
Korean radiation oncologists as well as worldwide [7,16].
The diversity of practice patterns was re-affirmed in the
current study; 30 Gy in 10 fractions is still the most preferred
regimen, particularly in scenario 1, which had a less than
1-year expected survival, in which more than 70% of resp-
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Fig. 1. Practice pattern changes from 2009 to 2014 in similar scenarios with a short life expectancy. Preference for radiotherapy
fractionation in a case with a Karnofsky performance status of 70 and T6-10 level spine metastases with multiple liver metastases in the current study (A). A similar case in the 2009 study with a similar performance status with L3 spine metastases
and multiple liver and abdominal lymph nodes metastases (B) is presented. Many Korean radiation oncologists responded
that they preferred the multiple fractionation regimen; these results were similar between the 2009 and 2014 studies.
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Fig. 2. Practice pattern changes from 2009 to 2014 in similar scenarios with favorable life expectancy. Preference for radiotherapy fractionation in the case with a Karnofsky performance status of 90 and solitary T9 level spine metastasis of renal
cell carcinoma with stable disease of both lung and adrenal metastases after target therapy in the current study (A). A similar
case of breast cancer with T6-7 spine only metastasis that had excellent performance status from the 2009 study (B) is displayed. Hypofractionation representing stereotactic ablative body radiotherapy was significantly increased compared with
the results of the 2009 study, but the multiple fractionation scheme still accounted for a large proportion of answers.

ondents preferred ten or more fractions. This was consistent
with the results of the previous study. As suggested in the
previous study, the reimbursement system might be the

main reason for the preference for multiple fractionation.
Training experience might be an important reason for the
observed practice pattern preferences, as indicated in a CanaVOLUME 48 NUMBER 3 JULY 2016
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dian PCS [15].
In a favorable spine metastasis case, there was a tendency
toward small fractionation preference, which is significantly
changed from the 2009 study. This may be related to the
usage of advanced technique RT. As results of SABR on spine
metastasis have accumulated [22-24], the preference for
SABR has increased significantly since 2009; in particular, it
is more frequent in institutions where more than five radiation oncology specialists work. In general, working with a
greater number of radiation oncologist specialists indicates
that he or she works in a large training institution in Korea.
Therefore, SABR on spine metastasis with favorable prognosis will be rapidly chosen more often by radiation oncologists because the practice pattern is clearly affected by
training experience as results of Canadian PCS.
Despite the use of multiple fractions at high doses or use
of SABR in spine metastasis, a large proportion of patients
will not benefit in terms of quality of life or survival period.
For stratification of risk groups to optimize a palliative
approach to spine metastasis, a reliable life expectancy table
according to prognostic factors based on a large-scale multicenter study is needed [19-21]. To encourage more evidencebased practice on spine metastasis in Korea, guidelines from
the KOSRO based on a reliable life expectancy table might
be helpful.
An important limitation of the current study is that we
could not guarantee the representativeness of the results
because the study was performed by only one radiation
oncologist from each institution participated, and one third
did not respond to the questionnaires.

Conclusion
In conclusion, the current PCS demonstrated that multiple
fraction RT is still preferred by a large proportion of Korean
radiation oncologists, although there are many studies supporting the equivalence of a single fraction to multiple fractions in addition to the previous publication of the PCS
study. To encourage more evidence-based practice in RT for
spine metastasis, new guidelines for RT of spine metastasis
might be needed.
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Purpose
The aim of this study was to analyze clinical characteristics of skeletal metastasis in epidermal growth factor receptor (EGFR) mutant non-small cell lung cancer (NSCLC) and treatment outcomes of continued EGFR tyrosine kinase inhibitor (TKI) therapy in patients
presenting with skeletal metastasis progression.
Materials and Methods
Of the 216 patients treated with EGFR-TKI for management of stage III-IV NSCLC between
2006 and 2012 in Seoul St. Mary’s Hospital, 76 patients with confirmed EGFR-mutated
NSCLC with skeletal metastases during therapy were analyzed retrospectively.
Results
Of 76 patients with EGFR mutant lung cancer with skeletal metastasis, 37 patients developed first progressive disease (PD) in skeletal regions. EGFR-TKI was continued in these
37 patients after first PD in skeletal regions. Median time to first PD of skeletal regions was
8.9 months (95% confidence interval [CI], 4.8 to 13.0). Median time of continued EGFR-TKI
after first PD of skeletal regions was 8.0 months (95% CI, 2.9 to 13.0) in patients with disease progression of preexisting regions, 5.6 months (95% CI, 4.5 to 6.7) in patients showing
new localized regions, and 3.3 months (95% CI, 1.1 to 5.5) in patients with multiple new
metastatic regions (p=0.006). Median time of postskeletal metastasis progression survival
was 23.0 months (95% CI, 13.5 to 32.5), 15.0 months (95% CI, 3 to 34.7), and 7.0 months
(95% CI, 6.0 to 8.0) (p=0.004) in the above described patient groups, respectively. Overall,
seven patients (18.9%) had more than one episode of skeletal progression of disease without extraskeletal PD.
Conclusion
Continued EGFR-TKI treatment with adequate local treatment after progression of skeletal
metastasis may be considered for patients who show disease progression in preexisting
regions or local progression.

Key words
EGFR, Non-small cell lung carcinoma,
EGFR tyrosine kinase inhibitor, Bone metastasis,
Response Evaluation Criteria in Solid Tumors
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Introduction
Epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKI) represent standard first-line treatment for
patients with advanced and metastatic non-small cell lung
cancer (NSCLC) harboring somatic sensitizing mutations in
EGFR [1]. However, patients who initially respond to treatment often develop acquired resistance. According to a previous study, 23% of patients experience symptomatic flares
after termination of TKI treatment and EGFR-TKI exerts minimal toxicity, compared to cytotoxic chemotherapy [2].
Therefore, some patients continue EGFR-TKI after Response
Evaluation Criteria in Solid Tumors (RECIST)-based progression, particularly when the disease is controllable with local
therapy options, such as radiotherapy or surgery or both
[3,4]. Currently, continued EGFR-TKI after RECIST progressive disease (PD) could be considered as a treatment option
for cases of localized or gradual PD in patients without EGFR
exon 20 T790 mutations or those unable to participate in clinical trials [5].
Skeletal metastasis is considered the predominant cause of
hospital morbidity and impaired quality of life among
NSCLC patients with symptomatic flares [6]. Historically,
development of skeletal metastasis occurs in 30%-40% of
patients with advanced NSCLC. This percentage is expected
to increase with the application of newer and more sensitive
screening/imaging technologies for metastatic disease and
prolongation of patient survival [7,8]. Continued EGFR-TKI
could be considered after RECIST PD of skeletal metastasis,
compared to other systemic progression, because of the limitation in efficacy of systemic cytotoxic chemotherapy in the
management of skeletal metastasis, and skeletal related
adverse events (SREs) related to disease progression are generally treated using local radiotherapy and surgical intervention.
Based on this clinical practice, we retrospectively analyzed
the clinical characteristics of progressive skeletal metastasis
in cases of EGFR-mutated NSCLC treated with EGFR-TKI,
with the aim of identifying the patient populations that may
benefit from continued EGFR-TKI therapy after RECIST PD
of skeletal metastasis.

Materials and Methods
1. Patients
A total of 216 patients treated with EGFR-TKI for management of recurrent or unresectable stage III-IV NSCLC

between March 2006 and 2012 in Seoul St. Mary’s Hospital
were identified from the cancer registry. Of these, 76 patients
with confirmed EGFR-mutated NSCLC presenting with
skeletal metastasis during EGFR-TKI therapy were further
distinguished. Patients diagnosed with skeletal metastasis
just prior to commencement of EGFR-TKI therapy were
included, as well as those who developed metastasis during
therapy. Patients who developed skeletal metastasis after
completing EGFR-TKI therapy or those with bone metastasis
and completely regressed before starting EGFR-TKI therapy
and did not progress during EGFR-TKI therapy were
excluded. Skeletal metastasis was diagnosed using positron
emission tomography (PET)–computed tomography (CT) or
magnetic resonance imaging (MRI).
Collection of clinical information from patients with
somatic EGFR mutations was approved by the institutional
review board. Written informed consent to allow genetic
screening for EGFR-sensitizing mutations was obtained from
each patient at the time of diagnosis or prior to EGFR-TKI
treatment.
2. Mutational analysis
Tumor specimens for each patient were obtained using
diagnostic or surgical procedures. Samples were paraffinembedded and DNA extracted analyzed for EGFR mutations
EGFR exons 18 to 21 were amplified using polymerase chain
reaction (PCR), and analyzed bidirectionally via direct
sequencing to confirm the presence of somatic mutations.
Mutations were confirmed with multiple independent PCR
reactions using previously reported criteria [9]. The following EGFR mutations were considered sensitizing: deletion in
exon 19, duplication in exon 19, deletion-insertion of exon 19,
L858R and L861Q point mutations, and the G719 missense
point mutation [9].
3. Treatment and response evaluation
During EGFR-TKI treatment, tumor measurement and
response assessment were performed by a thoracic radiologist, musculoskeletal radiologist, and nuclear medicine
physician separately at baseline and follow-up, using
RECIST 1.1 at each follow-up scan.
According to our lung cancer multidisciplinary team protocol, regarding chest and abdomen CT scan, chest and
abdomen CT scan was performed every 6 weeks. If the
patient was diagnosed as having skeletal metastasis based
on initial diagnostic imaging (chest CT scan, abdomen CT,
brain MRI, PET-CT scan, and bone scan), bone scan imaging
was performed every 6 weeks when the patient underwent
chest and abdominal CT scan. PET-CT and MRI were additionally performed every 6 months and where clinically
VOLUME 48 NUMBER 3 JULY 2016
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indicated, to confirm suspicious regions.
Radiotherapy was usually performed at 30-40 Gy for 2-3
weeks with palliative intent. Surgery was performed in cases
of PD at a previous radiation site and high-risk pathologic
fractures. During radiotherapy for skeletal metastasis, EGFRTKI was continued for all patients who tolerated the treatment.
4. Analysis of skeletal metastasis
In terms of analysis of PET-CT scan, all fluorodeoxyglucose (FDG) PET-CT images were reviewed using fusion software (Syngo, Siemens Medical Solutions, Knoxville, TN),
which provided multiplanar reformatted images and displayed PET images with attenuation correction, CT images,
and PET-CT fusion images. Two nuclear-medicine physicians reviewed the images and reached a consensus. For
semiquantitative analysis, the regions of interest were delineated on transaxial images around the areas with increased
FDG uptake, and the maximum standardized uptake value
(SUVmax), which is widely used to quantify FDG uptake
compared to mean liver SUV value and normal surrounding
tissue, was calculated.
Findings of PET- and CT-imaging studies were analyzed
separately. For further analysis of CT images, we searched
for evidence of involvement of soft tissue, presence of
osteoblastic or osteolytic lesions, and evidence of fracture in
lesions that demonstrated FDG uptake. The presence of fracture lines or callus formation was interpreted as evidence of
fracture. CT images were analyzed in the bone-setting window [10].
Response evaluation of skeletal metastasis was based
mainly on RECIST criteria 1.1 of non-target regions, however
we considered response evaluation of target regions for a soft
tissue mass larger than 1 cm. In detail, complete response
(CR) of skeletal metastatic regions was defined as normalization of tracer uptake by bone scan, complete sclerotic fill-in
of lytic lesions and the restoration of normal bone density on
CT scan and normalization of all lesions to SUV signal less
than mean liver SUV and equal to normal surrounding tissue
SUV by PET-CT scan [11].
In terms of bone flare phenomenon, to differentiate the
patients with bone flare phenomenon from true PD, for
patients who developed new regions in bone scan (especially
first 6 weeks scan) who showed clinical symptoms, the MRI
and PET-CT scan were checked to exclude true progression
and patients who showed no symptoms and no evidence of
PD in the MRI and PET-CT scan were followed up for the
next 6 weeks with bone scan because most cases of bone flare
phenomenon after EGFR-TKI therapy are reported to occur
within the first 3 months [12].
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5. Statistical analysis
Differences in baseline characteristics between groups
were compared using Fisher exact test for categorical data
and Wilcoxon signed-rank test for continuous data. The
Kaplan-Meier method was used to estimate time-to-event
distribution and follow-up. All tests were two-sided, with a
significance level of 0.05.
In patients who continued EGFR-TKI therapy beyond first
PD in skeletal metastasis, median time to first PD was
defined as date of initiation of EGFR-TKI therapy to first PD
in skeletal regions. The duration of continued EGFR-TKI was
defined as the date from first PD in skeletal regions to termination of therapy. Postskeletal metastasis survival was
defined as the date of first PD in skeletal regions to death
from any cause. Overall time-to-progression was defined as
the date of initiation of therapy to EGFR-TKI termination. No
patients died prior to RECIST PD, but those who did not
experience PD were censored at the last follow-up. Log-rank
test was used for comparison of survival curves among the
patient groups. Rate ratios and their 95% confidence intervals
(CIs) were calculated. The SPSS ver. 15.0 (SPSS, Inc., Chicago,
IL) was used for analysis.

Results
1. Comparison of clinical characteristics between patients
with first PD in skeletal and extraskeletal regions
Among the 216 patients treated with EGFR-TKI, 76 had
skeletal metastasis. Within this patient group, 73 (96.1%)
were diagnosed with skeletal metastasis via PET-CT scan
only and three with MRI only. Thirty-six patients (47.3%)
were diagnosed using both MRI and PET scan.
Thirty-seven patients developed first PD in skeletal regions
only, and 39 in extraskeletal and/or skeletal regions. Multiple bone metastases was more prevalent in patients with first
PD in skeletal regions, compared to those with first PD in
extraskeletal regions (Table 1).
At the time of stopping EGFR-TKI, 27 of 31 patients
(88.1%) in the first PD in skeletal regions group developed
PD in skeletal regions, compared with 10 patients (32.1%) in
the extraskeletal regions PD group (p=0.001). Among the 27
patients, eight patients still had skeletal PD at the time of
EGFR-TKI termination. Of the 11 patients admitted to hospital at the time of termination of EGFR-TKI therapy, seven
patients (22.5%) were in the first PD in skeletal regions
group. Five of these patients were admitted due to SREs
(pathologic fractures and cord compressions) (Table 1).
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Table 1. Clinical characteristics of patients with EGFR mutant NSCLC with skeletal metastasis according to first progression
sites
Clinical characteristic

Skeletal region only (n=37)

Age, mean (yr)
58.2 (
Sex
Male
15 (40.5)
Female
22 (59.5)
ECOG
0/1
20 (54.1)
!2
17 (45.9)
Smoking
Never
24 (62.2)
Current/former
13 (37.8)
EGFR mutation
Exon 19 del
19 (51.4)
Exon 21 L858R
12 (32.4)
Exon 18 G719X
3 (8.1)
Exon 21 L861Q
2 (5.4)
Exon 19 insertion
1 (2.7)
No. of bone metastases
Single
4 (10.8)
Multiple
33 (89.2)
Brain metastasis
No
20 (54.1)
Yes
17 (45.9)
Extrathoracic metastasis (except bone and brain)
No
28 (75.7)
Yes
9 (24.3)
Management of skeletal metastasis before EGFR-TKIs
No
17 (48.5)
Yes
20 (51.5)
Sort of EGFR-TKI
Gefitinib
25 (67.6)
Erlotinib
12 (32.5)
Line of EGFR-TKI
1st line
25 (67.6)
2nd/3rd line
12 (32.4)
Response to EGFR-TKIs
CR/PR
31 (84.8)
SD
6 (15.2)
PD
Progression sites at the time of stopping EGFR-TKI
31 (
Extraskeletal regions only
4 (12.9)
Skeletal and extraskeletal regions
19 (61.3)
Skeletal regions only
8 (25.8)
Disease flare at stopping EGFR-TKI
7 (22.5)
Overall TTP, median (95% CI, mo)
17.2 (13.1-21.1)
OS, median (95% CI, mo)
37.2 (14.1-61.2)

Extraskeletal±skeletal regions (n=39)
62.6 (

p-value
0.061

13 (33.3)
26 (66.7)

-

22 (56.4)
17 (43.6)

-

29 (74.4)
10 (25.6)

-

17 (43.6)
19 (48.7)
1 (2.6)
2 (5.1)

-

12 (30.8)
27 (69.2)

0.048

16 (41.0)
23 (59.0)

-

27 (69.2)
12 (30.8)

-

26 (65.1)
13 (34.9)

0.068

21 (53.8)
17 (43.6)

-

21 (53.8)
18 (46.2)

-

34 (80.0)
4 (11.6)
1 (2.3)
29 (
19 (67.9)
10 (32.1)

-

0.001

4 (14.3)
10.4 (7.4-14.4)
37.3 (28.1-46.1)

0.147
0.031
0.639

Values are presented as number (%) unless otherwise indicated. EGFR, epidermal growth factor receptor; NSCLC, non-small
cell lung cancer; ECOG, Eastern Cooperative Oncology Group; TKI, tyrosine kinase inhibitor; CR, complete response; PR,
partial response; SD, stable disease; PD, progressive disease; TTP, time to progression; CI, confidence interval; OS, overall
survival.
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Overall survival
Median (mo)
34.6
Continued TKI
Skeletal only PD (n=37)
+ Extraskeletal PD (n=4)
35.5
Discontinued TKI
Extraskeletal PD (n=29)

1.0

Cumulative survival

0.8

p =0.907

0.6
0.4
0.2
0

0

10

20

30
40
Time (mo)

50

60

70

Fig. 1. Median overall survival time of patients who continued epidermal growth factor receptor tyrosine kinase
inhibitor (EGFR-TKI) therapy and patients who discontinued EGFR-TKI therapy after progressive disease (PD).

No significant difference in median overall survival (OS)
was observed between the two groups. Overall, 11 patients
underwent postprogression biopsy at the time of EGFR-TKI
termination for evaluation of the presence of resistant EGFR
exon 20 T790M mutations. Our data showed that five
patients had acquired this EGFR mutation.
In terms of OS between patients who continued EGFR-TKI
beyond PD and patients who discontinued EGFR-TKI after
PD, overall 41 patients continued EGFR-TKI after RECIST
PD including 37 patients with skeletal metastasis only progression and four patients with PD with extraskeletal and/or
skeletal metastasis. No significant difference in median OS
between patients who continued EGFR-TKI and patients
who discontinued EGFR-TKI after PD was observed (34.6
months vs. 35.5 months, p=0.905) (Fig. 1).
2. Clinical disease progression patterns of patients continuing EGFR-TKI after first PD in skeletal regions
No symptoms were evident in 15 of the 37 patients (40.5%)
who developed first PD in skeletal regions only. These
asymptomatic patients, as well as eight patients who experienced pain without pathologic fracture were diagnosed with
PD via routine evaluation of skeletal regions.
Patients were categorized according to three groups based
on clinical characteristics of skeletal progression. The first
group showed reappearance of metastasis in skeletal regions
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after having achieved CR, confirmed using PET-CT scan or
MRI, following either local or EGFR-TKI therapy. The second
group had localized progression of skeletal metastasis limited to one segment of vertebra or less than three sites in
other skeletal regions according to the scope of the radiation
field. The third group showed newly developed multiple
skeletal metastases (Tables 2 and 3).
In 12 patients, bone regions reappeared after CR, just progressed preexisting regions without new regions. Ten
patients experiencing pain and one with no symptoms
received radiotherapy to skeletal metastasis regions. Overall,
five patients who had achieved CR with EGFR-TKI alone
received radiotherapy and re-irradiation therapy was administered to the remaining six patients. Four patients had more
than two episodes of subsequent progression of skeletal
metastasis. Two of these patients experienced three episodes
of subsequent progression without PD of extraskeletal
regions before termination of EGFR-TKI. Among the 11
patients who stopped EGFR-TKI because of subsequent PD,
eight showed disease progression to both skeletal and
extraskeletal regions. Development of new brain metastasis
occurred in two patients and leptomeningeal seeding metastasis in one patient. Two patients were admitted because of
bone pain.
Thirteen patients showed localized disease progression in
skeletal regions. Nine patients had no symptoms, and three
patients experienced more than two episodes of subsequent
skeletal metastasis. One patient developed new brain metastasis, and one was admitted because of cord compression at
the time of EGFR-TKI termination.
Twelve patients developed multiple new skeletal metastases. Seven patients received local radiotherapy for symptomatic sites; however, the duration of radiation was not
extended to more than 1 month, and the radiation field was
less than three sites. One patient switched to systemic
chemotherapy immediately after completing radiotherapy,
due to subsequent PD. Among the 11 patients who stopped
EGFR-TKI, four showed disease progression in skeletal
regions only. New brain metastasis was reported in one
patient. Two patients were admitted due to skeletal-related
adverse events and two due to malignant pleural effusion.
In terms of other SREs, no patients had hypercalcemia, and
only three received bisphosphonate.
3. Clinical outcomes of continued EGFR-TKI after first PD
in skeletal regions
Median time to first PD of skeletal regions was 8.9 months
(95% CI, 4.8 to 13.0), the duration of continued EGFR-TKI
beyond PD was 5.6 months (95% CI, 3.2 to 7.9), and
postskeletal metastasis survival was 14.0 months (95% CI,
10.1 to 17.9). According to the clinical characteristics of pro-
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Table 2. Classification of skeletal metastasis progression in EGFR mutant NSCLC after EGFR-TKI therapy based on clinical
characteristics
Classifications of progression in skeletal metastasis
Progression of preexisting regions
New localized regions
Multiple new regions

Reappearance of metastasis in skeletal regions after having achieved CR
Localized progression of skeletal metastasis limited to one segment of
vertebra or less than 3 sites in other skeletal regions
Multiple new regions more than one segment of vertebrae and
more than 3 sites in skeletal regions

EGFR, epidermal growth factor receptor; NSCLC, non-small cell lung cancer; TKI, tyrosine kinase inhibitor; CR, complete
response.

Table 3. Clinical characteristics of patients who progressed only skeletal regions according to patterns of skeletal metastasis
progression

Symptom
Asymptomatic new regions
Pain without pathologic fracture
Pathologic fracture
Cord compression
Treatment of skeletal metastasis
Surgery
Radiotherapy
No. of patients with > 1 episode of PD in
skeletal regions
Response to EGFR-TKI at the time of first PD
(except skeletal region)
Respondinga)
Impending PDb)
Progression site at the time of stopping EGFR-TKI
Skeletal regions
Skeletal+extraskeletal regions
Extraskeletal regions

Overall
(n=37)

Progression of preexisting
regions after CR (n=12)

New localized
regions (n=13)

Multiple new
regions (n=12)

15
18
2
2

2
10
-

9
1
1
2

4
7
1
-

6
25
7

11
4

3
7
3

3
7
-

31
6

10
2

12
1

10
2

8
19
4

1
8
2

3
6
-

4
5
2

CR, complete response; PD, progressive disease; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor.
a)
No increase compared to nadir assessment in target region and stable disease (SD) in non-target region, b)Overall SD but
increase (< 20% of summation of long diameter and < absolute 5 mm compared to nadir assessment) in target region and SD
in non-target region.

gression in skeletal regions, median time to first PD differed
significantly among the three groups (p=0.037) (Table 4).
Median time of continued EGFR-TKI after first PD was 8.0
months (95% CI, 2.9 to 13.0) in patients with bone regions
reappeared of preexisting regions after CR, 5.6 months (95%
CI, 4.5 to 6.7) in patients with new localized regions, and
3.3 months (95% CI, 1.1 to 5.5) in those with newly developed
multiple metastatic regions (p=0.006) (Table 4, Fig. 2A).
Postskeletal metastasis survival was 23.0 months (95% CI,

13.5 to 32.5), 15.0 months (95% CI, 3 to 34.7), and 7.0 months
(95% CI, 6.0 to 8.0) (p=0.004) in the three groups, respectively
(Table 4, Fig. 2B). Median OS was 39.0 months (95% CI, 21.1
to 56.9), 33.0 months (95% CI, 14.0 to 51.9), and 14.0 months
(95% CI, 8.2 to 19.8) (p=0.003), respectively (Table 4, Fig. 2B).
According to clinical symptoms and response to EGFRTKI, median time of continued EGFR-TKI was 6.4 months
(95% CI, 4.2 to 8.6) in asymptomatic patients, 3.7 months
(95% CI, 1.0 to 6.4) in symptomatic patients (p=0.462),
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Table 4. Clinical outcomes of continued EGFR-TKI therapy according to patterns of progression in skeletal metastasis
Progression of
New localized
preexisting regions
regions
Median time to first PD (95 % CI, mo)
Median duration of continued EGFR-TKI
after first PD (95 % CI, mo)
Postskeletal metastasis survival (95 % CI, mo)
Median overall TTP (95 % CI, mo)
Median OS (95 % CI, mo)

Multiple new
regions

p-value
0.037
0.006

13.0 (9.9-16.0)
8.0 (3.4-13.0)

9.2 (5.5-12.9)
5.6 (4.5-6.7)

6.7 (6.2-7.2)
3.3 (1.1-5.5)

23.0 (13.5-32.5)
26.9 (11.3-36.2)
39.0 (21.1-56.9)

15.0 (3-34.7)
17.5 (14.0-21.0)
33.0 (14.0-51.9)

7.0 (6.0-8.0)
9.2 (1.7-16.7)
14.0 (8.2-19.8)

0.004
< 0.001
0.003

EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; PD, progressive disease; CI, confidence interval;
TTP, time to progression; OS, overall survival.

5.6 months (95% CI, 2.5 to 8.4) in responding patients, and
5.2 months (95% CI, 2.4 to 8.6) in patients with signs of
impending disease progression.

Discussion
The overall incidence of skeletal metastasis in EGFRmutated NSCLC does not appear to be higher, compared to
other wild-type or K-ras mutated NSCLC, although postmetastatic bone disease survival is longer [13]. In our study,
survival after first skeletal PD was 14.0 months. Thus,
patients with skeletal metastasis had a greater chance of
developing new skeletal metastases and SREs. In addition,
seven patients (18.9%) experienced more than two episodes
of PD. Management of skeletal metastasis should be a priority in patients developing first PD in skeletal regions.
To prevent skeletal-related adverse events and morbidity,
early detection and treatment with bisphosphonate is generally recommended. In our study, due to limitations in accessibility to zoledronic acid, only three patients could receive
bisphosphonate. However, PET-CT scanning every 6 months
facilitated the early detection of new skeletal metastasis
before development of symptoms. Overall, development of
asymptomatic new skeletal metastasis occurred in 40.5% of
patients. Although new skeletal metastasis without PD of the
extraskeletal region is considered PD according to RECIST
criteria, continued EGFR-TKI could be considered because
of the feasibility of combination with radiotherapy and limited efficacy of the other systemic treatment in management
of skeletal metastasis [14]. EGFR-TKI therapy has shown
favorable outcomes in prevention of SREs, since these agents
inhibit differentiation of bone marrow stromal cells to osteoclasts and promote osteoblastic activity in the metastatic
bone region [15]. An earlier small-scale Japanese study
reported prolonged benefits of continued EGFR-TKI after
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bone metastasis progression [16].
In terms of benefit in continued EGFR-TKI therapy after
PD, no differences in OS were observed between patients
who continued EGFR-TKI and patients who discontinued
EGFR-TKI in the overall population (Fig. 1). However, we
could not make any conclusion about the benefit of EGFRTKI therapy because most patients who continued EGFR-TKI
therapy were in the skeletal only PD group and development
of multiple new skeletal metastases occurred in 12 patients
of that group, considered the dramatic progression group
who had the poor outcome. These patients only continued
EGFR-TKI for 3.3 months. Several different criteria are
employed for classifying patterns of progression in EGFRmutated lung cancer for selection of patients who might benefit from continued treatment [3-5,17-19].
Duration of disease control, tumor growth rate, changes
in overall tumor volume, and subjective symptoms are
important predictors of the length of continued EGFR-TKI
beyond RECIST PD [3,5,17]. CT or MRI scans, standard
methods of assessment of RECIST criteria, can only be
applied for evaluation of skeletal regions with identifiable
soft tissue components [20]. The majority of skeletal metastasis regions are considered non-target areas, and PD is
defined by new regions or unequivocal progression of preexisting skeletal metastasis [11,20]. Adjustment of RECIST
PD in skeletal metastasis to previous classifications of progression patterns in EGFR-mutated NSCLC is difficult. Compared to previous studies, our study showed no differences
in the duration of continued EGFR-TKI according to the presence of symptoms and changes or overall response of other
extraskeletal or target regions [5,19]. Our data showed pain
symptoms in 10 out of 12 patients in the group with disease
progression of preexisting regions after CR, because patients
who had previously experienced pain in the skeletal metastatic regions were thought to be more sensitive to pain in the
same regions. Thus, we classified skeletal metastasis as disease progression of preexisting regions after CR, localized
progression, and multiple new metastases groups. Patients

Sook-Hee Hong, Role of EGFR-TKI in Progression of Bone Metastasis

A

Cumulative survival

1.0

Duration of continued EGFR-TKI

Median (mo)

Progression of preexisting regions
New localized regions
New multiple regions

0.8

8.0
5.6
3.3

p =0.006

0.6
0.4
0.2
0

0

5
10
15
20
25
Duration of continued EGFR-TKI (mo)

30

B

Cumulative survival

1.0

Postskeletal metastasis progression survival Median (mo)
Progression of preexisting regions
New localized regions
New multiple regions

0.8
0.6

23.0
15.0
7.0

p =0.003

0.4
0.2
0

0
10
20
30
40
Postskeletal metastasis progression survival (mo)

Fig. 2. (A) Median time of continued epidermal growth factor receptor tyrosine kinase inhibitor (EGFR-TKI) after first progressive disease for patient groups according to patterns of progression in skeletal metastasis. (B) Postskeletal metastasis
progression survival for patient groups according to patterns of progression in skeletal metastasis.

with progression in preexisting regions or localized progression could be considered to benefit from continued EGFRTKI therapy and adequate local treatment such as radiotherapy after PD in skeletal regions. These groups could be
classified as gradual or localized progression of skeletal
metastasis, as suggested previously [3,5,17].
In addition, patients with the secondary T790M mutation
are reported to benefit from EGFR-TKI treatment beyond disease progression, compared to those without the mutation
[21]. Only 11 patients could be evaluated for secondary
mutations at the time of terminating EGFR-TKI. Due to the
insufficient number of patients in the current analysis, we
could not conclusively show benefits of continuing EGFRTKI in the subgroup with the T790M mutation. In practice,
it is difficult to obtain the appropriate tissue specimens for

molecular studies after progression of EGFR-TKI therapy,
particularly in cases of bone metastasis. A previous study
reported the lowest yield of 40% for decalcified material in
bone samples (4/10), even using a new assay, due to alterations in DNA after the procedure of decalcification with
acid [22]. In cases of rebiopsy after progression of EGFR-TKI,
relatively small samples and association with non-neoplastic
cells can lead to false-negative results [22]. In cases where
skeletal metastasis is the only progression site, the cell-free
plasma DNA assay for EGFR T790M may be an effective
option for detection of resistant mutations [23,24].
It is important to note that our study has several limitations. Major weaknesses include its retrospective design,
small sample size, and evaluation of bone metastasis. Bone
metastasis was assessed every 6 weeks using a whole-body
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bone scan and every 6 months PET-CT and MRI, and suspicious regions were further confirmed with MRI or PET scans.
Due to the considerable incidence of false-negative results of
Bone scan, the window period should be considered between
the date of false-negative bone scan and true positive subsequent PET-CT scan [11,25]. Practically, establishment of an
effective standard method for response assessment in skeletal metastasis is needed. Differences in specificities and sensitivities among imaging modalities should also be considered in response evaluation of skeletal metastasis [25].
Detection of skeletal metastasis progression with newly
developing imaging modalities should be more rapid than
that achieved in the current study.

after CR or local progression of skeletal metastasis. Considering the difficulties in response evaluation and re-biopsy for
molecular analysis as well as the influence of skeletal metastasis on morbidity, investigation of different evaluation
methods and treatment strategies is required for future
applications.
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A Multi-centric Bioequivalence Trial in Ph+ Chronic Myeloid Leukemia
Patients to Assess Bioequivalence and Safety Evaluation of Generic
Imatinib Mesylate 400 mg Tablets
Purpose
This study was designed to characterize the pharmacokinetic profile and to assess bioequivalence of the sponsor’s test formulation (imatinib mesylate 400 mg tablets) with an
innovator product (Gleevec 400 mg tablets, Novartis Pharmaceuticals) under fed conditions,
in adult patients of Philadelphia chromosome positive chronic myeloid leukemia (Ph+ CML)
stabilized on imatinib mesylate 400 mg. In addition, the aim of this study was to monitor
the safety profile of investigational medicinal products (IMPs).
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Materials and Methods
A multicenter, randomized, open label, two-period, crossover, single dose bioequivalence
study was designed for conduct under fed conditions in 42 adult Ph+ CML patients already
stabilized on imatinib 400 mg tablets. Pharmacokinetic parameters Tmax, Cmax, and
AUC0-24 were calculated using a non-compartmental model on validated WinNonlin software.
Validated SAS software was used for statistical evaluation of data. The safety profile of
investigational products was monitored during the course of study by applying a clinical
process for recording observed untoward effects postadministration of investigational products.
Results
The 90% confidence intervals for the test/reference mean ratios of the ln-transformed PK
variables Cmax (99.0%) and AUC0-24 (99.2%) were within an acceptable range of 80%-125%,
as per bioequivalence assumptions. Both formulations were well tolerated after oral administration of IMPs.
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Conclusion
The test product was found to be bioequivalent and safe, and thus can be used interchangeably in clinical practice.

Introduction
Tyrosine kinase activity has been reported as a major cause
of various anomalies in humans. In addition, the prototypical
oncogenes usually play a key role in several types of human
malignancies [1]. Chronic myeloid leukemia (CML), a clonal
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myeloproliferative disorder of transformed hematopoietic
progenitor cells, is a consequent of specific cytogenetic
abnormality in the Philadelphia chromosome owing to reciprocal translocation between the parts of two chromosomes
(9th and 22nd) resulting in abnormal fusion of genes with
different chromosomes. The abnormal fusion encodes a protein, p210BCR-ABL, with dysregulated tyrosine kinase functions,
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which induces constitutively active tyrosine activity that is
mainly responsible for the pathogenesis of certain tumors
and multi-proliferative disorders [2,3].
For all reported cases of adult leukemia, CML only
accounts for 15% with an occurrence rate of one to two
patients per hundred thousand annually [4]. CML can affect
any age group, but is predominant in elderly [5]. In the
majority of cases (~85%), patients are in the chronic phase of
CML at the time of diagnosis [4]. The survival rate of CML
patients has shown noticeable improvement owing to earlier
diagnosis and treatment with allogeneic bone marrow transplantation or interferon-! (IFN-!). However, these treatment
modalities have their own limitations, transplantation is
allied with high mortality and post-transplantation morbidity whereas IFN-! therapy resulted in poor cytogenetic
remission of 6%-20% [6] and therapy induced side effects
caused forced discontinuation of treatment [7].
Constant progress in cell biology and knowledge of pathogenesis of CML led to the development of target oriented
therapy. Thus, tyrosine kinase inhibition has arisen as a
promising strategy that effectively modulates the specific
molecular events responsible for Bcr-Abl positive leukemia.
Imatinib, a phenylaminopyrimidine derivative, competitively inhibits the Bcr-Abl tyrosine kinase by blocking the
interaction between adenosine triphosphate and tyrosine
kinase thereby suppressing phosphorylation and activating
downstream proteins. It is reported to be successful in
achieving hematological responses in patients with chronic
phase CML. In addition, imatinib inhibits tyrosine kinase
activity of the mutated platelet-derived growth factor receptor [8] and stimulates natural killer cells [9]. Suggested mechanisms are responsible for its activity against gastrointestinal
stromal tumors (GIST) which is deprived of mutated c-kit
[9,10]. A pilot study conducted on 58 patients who received
oral dosing of imatinib mesylate (300-1,000 mg/day) showed
a response in 55% of patients of myeloid blast crisis (21 out
of 38) with a 19% complete hematologic response, while lymphoid blast crisis cases showed a 70% response rate (14 out
of 20) with 20% complete hematologic responses [11]. Thirtythree percent of responding CML patients were continued
on imatinib treatment, which showed prolonged remission
ranging from 101 to 349 days from the commencement of
therapy. Based on clinical study data, Food and Drug
Administration (FDA) approved Imatinib mesylate (Gleevec
Novartis Pharmaceuticals, Basel, Switzerland) for treatment
of patients with CML in May 2001.
Imatinib shows rapid and almost complete absorption
(98%) after oral ingestion irrespective of dose (100 or 400 mg)
and dosage forms like solution, capsule, or tablet [12-14] and
attains its peak plasma concentration (Cmax) within 2-4 hours
[15]. Its absorption is usually not affected by food, but marginally affected by fatty diets. Fatty diets result in a minor

reduction in peak plasma concentration (11%), and extent of
absorption (7.4%) with a delay of up to 1.5 hours to attain
peak plasma concentration (Tmax) [13,16]. Imatinib exhibits
cytochrome P4503A4 (CYP3A4) mediated metabolism and
generates a major metabolite, N-demethylated piperazine
derivative, which is reported to have in-vitro activity similar
to that of imatinib and comprises ~15% of the area under the
curve (AUC) of the parent compound. Imatinib is extensively
distributed into tissues and also shows high plasma protein
binding (95%), mostly with albumin and !1-glycoprotein,
which can be attributed to a large volume of distribution (435
L) and a long half-life (18 hours) [12]. In addition, imatinib
shows a linear absorption profile, in the range 25-1,000 mg
of dose after oral administration, and, consequently, AUC
also increases proportionally [13] and exhibits body weight
dependent clearance ranging from 8-14 L/hr [17].
Imatinib is commercially available in hard gelatin capsules
(100 mg) or tablets (100 mg or 400 mg) in United States and
European market with 400 mg tablets having advantages
over 100 mg formulation in terms of reduced dosing frequency thus better patient compliance. Imatinib is regarded
as Gold Standard Pharmacotherapy and the recommended
dose for adult patients with Philadelphia chromosome-positive CML (Ph+ CML) in its various phases (chronic, accelerated, and blast crisis) is 400 mg [18,19]. The approved dose
for malignant unresectable and metastatic GISTs is 400-600
mg/day [20]. Daily dose ranges from 260-340 mg/m2 in children with CML. The treatment is continued until disease progression or intolerable toxicity.
Orally administered tyrosine kinase inhibitors have significantly transformed the treatment of CML, from a fatal cancer in non-transplanted patients to a long-term condition
with a steadily increasing prevalence. However, tyrosine
kinase inhibitor is a life-long and expensive therapy. Cost of
first-generation imatinib varies from approximately £21,000
per patient per year in the United Kingdom to £57,000 in the
United States. The significant cost can have a significant
impact on health economies worldwide. The introduction of
targeted therapies caused an unprecedented “sticker shock”
for providers and payers related to the price of the drug [21].
The financial constraints faced by most health systems today
make it necessary for manufacturers of new, expensive drugs
to demonstrate value for money [22]. Given the potential for
patients with CML to achieve a near normal lifespan, having
a drug on the market that is affordable to patients is very
important. The current prices of tyrosine kinase inhibitors
are high, and generic formulations might reduce healthcare
costs [21]. Hence, a new generic imatinib mesylate tablet
(400 mg) for once daily administration has been developed
by Ranbaxy Laboratories Limited, India. To comply with regulatory requirements for marketing authorization, a study
was designed to characterize the pharmacokinetic profile
VOLUME 48 NUMBER 3 JULY 2016
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and to assess the bioequivalence of the sponsor’s test formulation (imatinib mesylate 400 mg tablets) with an innovator
product (Gleevec 400 mg tablets, Novartis Pharmaceuticals,
East Hanover, NJ) under fed conditions, in adult patients of
Ph+ CML stabilized on imatinib mesylate 400 mg. In addition, the aim of this study was to monitor the safety profile
of Investigational Medicinal Products (IMPs).

Materials and Methods
1. Ethics
Being a multi-center trial, an Investigator from each site
submitted the protocol, patient information sheet, informed
consent form, patient diary card, and other study documents
to the respective Independent Ethics Committee (IEC)/Institutional Review Board (IRB) for review and approval. The
protocol was approved by all IEC/IRBs. The study was conducted according to the current version of the Declaration of
Helsinki (Seoul 2008 and Brazil 2013) and in compliance with
the current ICMR Guidelines for Biomedical Research on
Human Patients, Schedule Y (amended version 2013) of Drug
and Cosmetics Act, ICH GCP Guidelines and other applicable regulatory guidelines.
2. Patients
A total of 42 adult patients of CML with documented evidence of Ph+ chromosome, meeting the predefined inclusion
and exclusion criteria as per the approved protocol were
included in the trial/study. Selected patients were already
on a stabilized dose of Imatinib 400 mg tablets for at least 30
days prior to administration of test or reference product.
Patients included in the study were of either sex (male or
female), age ! 18 years, female patient with negative pregnancy tests, able to give written informed consent for participation in the trial, having an Eastern Cooperative Oncology
Group performance status of 0-2 and an adequate bone marrow, renal and hepatic function. Patients with known hypersensitivity to imatinib mesylate, positive human immunodeficiency virus infection, hepatitis B surface antigen, hepatitis C virus (HCV) and hepatitis A virus (HAV) antibodies,
patients in accelerated phase of CML or blast crisis or undergone hematopoietic stem cell transplantation or receiving
CYP3A4 family modulators were excluded from the study.
Demographic details of patients included in the study are
shown in Table 1.
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3. Clinical procedure
This was a multi-center, randomized, open label, twoperiod, two-treatment, crossover, single dose bioequivalence
study, in adult patients of Ph+ CML stabilized with imatinib
mesylate 400 mg under fed conditions. Patients were recruited from four sites with site IDs A, B, C, and H. Patients
stabilized on imatinib mesylate 400 mg tablets were screened
within 10 days prior to period 1 dosing day (day 1). IMP was
administered according to the randomization schedule generated using validated SAS software. After overnight fasting
for at least 10 hours, patients were served a standardized
light (low fat) breakfast/meal (approximately 450 to 550 calories) 30 minutes prior to scheduled dosing time on day 1
(period I) and day 8 (period II). A single oral dose (400 mg)
of IMP was administered 30 minutes after serving breakfast/meal, in the sitting position with approximately 240 mL
of water at ambient temperature and no food was allowed
for at least 4 hours post-dose while water was allowed ad
libitum except for 1 hour before and after drug administration. Patients were advised to remain in sitting position for
the first 3 hours post-dosing. Two periods were separated by
a time period of 7 days during which patients were put on
the same imatinib 400 mg tablets on which they were stabilized prior to period 1. A total of 42 venous blood samples
were collected from each patient (except for withdrawn
patients) during the study course. The venous blood samples
were withdrawn at pre-dose (duplicate pre-dose samples)
and at 0.500, 1.000, 1.500, 2.000, 2.500, 3.000, 3.500, 4.000,
4.500, 5.000, 6.000, 7.000, 8.000, 9.000, 10.000, 12.000, 16.000,
20.000, and 24.000 hours post-dose on day 01 and day 08.
Collected blood samples were centrifuged at 3,000±100 rcf
for 5 minutes at room temperature for separation of plasma.
Blood samples were kept in an ice cold water bath before centrifugation and during separation of plasma. The separated
plasma was transferred to pre-labeled polypropylene tubes
in two aliquots and stored in upright position in a box containing dry ice or in a freezer at a temperature of –65±10°C
for interim storage until shipment to the analytical site. During shipment the samples were packed in boxes containing
asn adequate amount of dry ice, no interruption of the freeze
cycle was allowed. Shipment was done separately for each
aliquot and stored at –65±10°C at a bio-analytical facility.
Analysis was initiated once samples were available from any
of the multi-center sites.
4. Bio-analytical procedure (liquid chromatography–tandem mass spectrometry)
In house liquid chromatography-tandem mass spectrometry method was developed and validated for quantitative
analysis of Imatinib in plasma samples. The developed
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Table 1. Demographic details of patients
Characteristic
Sex, n (%)
Male
Female
Race
Asian
Age (yr)
Mean
Range
Height (cm)
Mean±SD
Range
Weight (screening visit 1)
Mean±SD
Range
Weight (check in period 1)
Mean±SD
Range
Weight (check in period 2)
Mean±SD
Range
Weight (end of study)
Mean±SD
Range
Body mass index (kg/m2)
Mean±SD
Range

No. of enrolled

No. of completed

34 (81.0)
8 (19.0)

32 (80.0)
8 (20.0)

42 (

40 (

41.286 (
20-67

40.95 (
20-67

162.988±7.956
148-182

method was validated for various validation parameters
(Table 2) according to the guidelines [23]. Analytical procedure was performed at Lambda Therapeutics Research Limited (Gujrat, India) using an instrument equipped with a
MS/MS component (Quattro Premier XE, Waters, Manchester, UK), sample manager with column oven (Aquity SM,
Waters), and binary solvent manager (Acquity BSM, Waters).
The mobile phase consisted of methanol and ammonium formate buffer (5 mM, pH 7.0) at a ratio of 75:25 v/v. Chromatographic separation was achieved using a C18 column (ACE,
5µ, 150x4.6 mm) at the flow rate of 1 mL/min and injection
volume (10 µL) in full loop mode. Mass-spectrometric detection was performed using an electrospray-ionization (ESI)
technique and the ESI source was kept in positive ionization
mode. MRM transitions for imatinib (analyte) and Imatinibd8 (internal standard) were m/z 494.3 > 394.16 and 502.44
> 394.21, respectively. Data acquisition and evaluation was
performed using Mass Lynx software ver. 4.1 (Waters).

163±8.0702
148-182

58.212±8.5446
41-79

58.06±8.3864
41-79

58.383±8.6265
41-79

58.208±8.4064
41-79

58.054±8.2034
41-79

58.243±8.2172
41-79

58.383±8.4416
41-79

58.203±8.2115
41-79

21.973±3.3462
14.613-30.262

21.899±3.1723
14.613-30.262

5. Pharmacokinetic analysis
The pharmacokinetic parameters evaluated for imatinib
were maximum plasma concentration (Cmax), area under the
plasma concentration versus time curve from time zero to
truncated time at 24 hours (AUC0-24), time to reach maximum
plasma concentration (Tmax). Cmax and Tmax were calculated
directly from the plasma concentration time profiles of the
patients. AUC0-24 was calculated using the linear trapezoidal
method. Pharmacokinetic parameters were calculated for
imatinib using a non-compartmental model using WinNonlin Professional Software ver. 5.3 (Pharsight Corp., Mountain
View, CA).
6. Statistical analysis
Statistical comparison of pharmacokinetic parameters for
both formulations (test and reference) was performed using
PROC GLM and PROC MIXED of SAS ver. 9.3 (SAS Institute
Inc., Cary, NC) for assessment of the bioequivalence of the
formulations.
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Table 2. Summary of method validation parameters
Parameter

Observed value

Linearity range

5.085-7,501.491 ng/mL with precision (0.4%-11.8%) accuracy (96.9%-103.8%) for
back calculated concentration
RSD for retention time (0.0%-0.2%)
RSD for peak area ratio (1.7-2.4)
5.089 ng/mL (% CV, 5.4%; accuracy, 100.7)
2.3-16.6
4.6-13.4
85.2-98.7
90.6-93.4
70.6 (% CV, 2.5)
77.5 (% CV, 16)
80.7 (% CV, 1.3)
90.3 (% CV, 2.12)

System performance
Lower limit of quantitation
Precision (intra-day, % CV)
Precision (inter-day, % CV)
Accuracy (intra-day, %)
Accuracy (inter-day, %)
Mean recovery of analyte (%)

Mean recovery of internal standard
Stability
In-injector stability, 2-8°C (~77 hr)
Freeze thaw stability (3 cycles)
Bench top stability at room temperature (~7 hr)
Long-term stability (70 days)

% Change: 4.6% (LQC), –5.6% (HQC)
% Mean ratio: 102.8% (LQC), 101.7% (HQC)
% Change: 2.2% (LQC), –6.1% (HQC)
% Mean ratio: 100.5% (LQC), 101.6% (HQC)
% Change: 10.2% (LQC), –7.2% (HQC)
% Mean ratio: 108.4% (LQC), 100.3% (HQC)
Precision: 7.6% (LQC), 1.4% (MQC), 1.7% (HQC)
Accuracy: 95.7% (LQC), 101.5% (MQC), 97.4% (HQC)

RSD, relative standard deviation; % CV, percentage coefficient of variance; LQC, low quality control; HQC, high quality
control; MQC, medium quality control.

Data of patients from sites with less than five evaluable
patients were pooled in the previous site. Considering that
site ‘B’ and site ‘C’ had less than five evaluable patients, the
data from both sites were pooled in site ‘A’ data.
The center effect was carried out using the PROC GLM of
SAS ver. 9.3 (SAS Institute Inc.). Comparison of the pharmacokinetic parameters was performed using PROC MIXED of
SAS ver. 9.3 (SAS Institute Inc.).
Analysis of variance (ANOVA) using type III sum of
squares for imatinib was performed for the ln-transformed
pharmacokinetic parameters Cmax and AUC0-24. ANOVA
model included the terms for center, sequence, center by
sequence, period (within center), formulation, formulation
by center and patient (within center by sequence). The
sequence effect was tested at the 10% level of significance
using the patient nested within center sequence effect as the
error term. Other remaining effects were tested at the 5%
level of significance against the residual error (mean square
error) from the ANOVA model as the error term. Each
ANOVA included the calculation of least-squares means, the
difference between the adjusted formulation means and the
standard error associated with the difference. The above
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analyses were performed using an appropriate SAS procedure.
Consistent with two one-sided tests for bioequivalence,
90% confidence intervals for the ratio of geometric least
squares means (LSM) between test and reference formulations were calculated for ln-transformed pharmacokinetic
parameters Cmax and AUC0-24 of imatinib. In addition, the
power of the study was computed and reported for ln-transformed pharmacokinetic parameters Cmax and AUC0-24 for
detection of a 20% difference between test and reference formulations. In addition, ratio of geometric least squares
means of test and reference formulations was reported
for ln-transformed pharmacokinetic parameters Cmax and
AUC0-24 of imatinib. Intra-patient and inter-patient variability
was also computed for ln-transformed pharmacokinetic
parameters Cmax and AUC0-24.
Test and reference product were considered bioequivalent
if the 90% confidence interval for the ratio of test product and
reference product for the ln-transformed pharmacokinetic
parameters Cmax and AUC0-24 of imatinib were within the
acceptance range of 80.00%-125.00%.

7. Safety assessment
Medical history, physical examination and vital signs,
body measurements, immunological Tests (hepatitis B surface antigen, HAV [IgM], and HCV antibody), pregnancy test
for female patients, electrocardiography and echocardiography evaluation, chest X-ray, standard clinical laboratory
evaluations (hematology, blood chemistry, urinalysis), and
adverse event (AE) monitoring were performed as a part of
safety evaluations. In addition, participants were encouraged
to report any undesirable side effects such as nausea, vomiting, or headache. Any spontaneously reported AEs were also
recorded and managed. In addition, pre- and post-study laboratory parameters were evaluated to establish the safety of
formulation.

Plasma concentration (ng/mL)
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Reference error
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Test error
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2,000
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Fig. 1. Plasma drug concentration verses time profiles of
test and reference product of imatinib mesylate 400 mg
tablets in Philadelphia chromosome positive chronic
myeloid leukemia patients (n=40).

Results
1. Bio-analytical procedure
A summary of the validation parameters along with
observed range and acceptable deviation as per the guidelines is shown in Table 2 [23]. An in-house developed and
validated bioanalytical procedure was found to comply with
all acceptability limits and therefore suitably applied for the
quantitative estimations of plasma samples.
2. Patients and drug accountability record
The bioequivalence study was conducted in 42 adult
patients of Ph+ CML stabilized with Imatinib mesylate 400
mg tablets, after administration of a single dose under fed
conditions. A summary of the demographic data of the participants is shown in Table 1.
3. Pharmacokinetics and statistics
The mean plasma drug concentration versus time profiles
achieved after a single oral dose of imatinib (400 mg of test
and reference formulations) are shown in Fig. 1. A non-compartment model was used to assess the pharmacokinetic
parameters. The mean pharmacokinetic parameters, Cmax,
Tmax, and AUC0-24 for test and reference product are shown
in Table 3. The statistics of pharmacokinetic parameters, i.e.,
mean co-efficient of variation, ratio of LSM of the test and
the reference product, 90% confidence intervals, power for
ln-transformed pharmacokinetic parameters are shown in
Table 3. Two patients (A-14 and A-04) did not complete the
study and were withdrawn from the trial due to AEs in

period I and period II, respectively. As per the protocol
requirement, plasma samples of withdrawn patients were
analyzed but these patients were not included in pharmacokinetic and statistical analysis.
Descriptive statistics were calculated and reported for primary and secondary pharmacokinetic parameters for imatinib. The mean Cmax, Tmax, and AUC0-24 for the test product
of imatinib were 3,101.911±658.9118 ng/mL, 3.425±1.0893
hours and 48,977.355±12,453.3736 ng·hr/mL, respectively,
and 3,155.945±790.9928 ng/mL, 3.838±1.4736 hours,
49,870.552±15,003.0949 ng·hr/mL, respectively, for the reference product. The test/reference ratios for ln-transformed
data for the pharmacokinetic parameters Cmax and AUC0-24
were 99.0 and 99.2, respectively, while 90% confidence intervals for Cmax and AUC0-24 were in the range of 94.03%104.16% and 94.72%-103.90%, respectively (Table 3). Intrasubject variability was expressed in terms of percentage
coefficient of variance and reported as 13.6% and 12.3%,
respectively, for Cmax and AUC0-24.
Probability (p-value) for lnCmax and lnAUC0-24 was estimated by ANOVA for various effects. In statistical evaluation, center, center*sequence, formulation and period (center)
effects was considered statistically significant if p-value
< 0.05 while sequence effect was considered statistically significant if p < 0.01. Based on the results (Table 4), it was concluded that center, sequence, and center*sequence, formulation and period (center) effects were statistically non-significant for ln-transformed pharmacokinetic parameters Cmax
and AUC0-24 for imatinib.
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Tmax is

a)

Values are presented as mean±standard deviation unless otherwise indicated. Ph+ CML, Philadelphia chromosome positive chronic myeloid leukemia.
represented as median (min-max) value.

100
100
94.03-104.16
94.72-103.90
99.0
99.2
Tmax (hr)a)
Cmax (ng/mL)
AUC0-24 (ng·hr/mL)
lnCmax
lnAUC0-24

3.250 (1.500-6.000)
3,101.911±658.9118
48,977.355±12,453.3736
-

3.500 (1.500-8.000)
3,155.945±790.9928
49,870.552±15,003.0949
-

3,026.238
47,381.318

3,057.880
47,761.108

90% Confidence interval
Power (%)
(test vs. reference)
Ratio
(test/reference, %)
Reference
Test
Reference
Test
Parameter

Geometric least squares means
Untransformed data

Table 3. Pharmacokinetic parameters and relative bioavailability of test and reference formulation of imatinib under fed condition in Ph+ CML patients (n=40)
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4. Safety evaluation
All patients (except for withdrawn patients, A-04 and
A-14) were subjected to a single oral dose according to the
randomization schedule and received both IMPs.
The AEs observed during investigation periods are shown
in Tables 5 and 6. Eleven AEs were reported by nine patients.
Two AEs were reported in period I, one AE was reported on
the day of check-in for period II, three AEs were reported in
period II, and five AEs were reported during post-study
safety assessment. The analysis of AEs was performed treatment-wise. Four patients out of 41 patients (9.76%) in the reference group reported four AEs. The causality assessment of
three AEs was possible while one AE was unlikely. Five
patients out of 41 patients (12.20%) in the test group reported
seven AEs. The causality assessment of all seven AEs was
unlikely.

Discussion
Cancer is not only regarded as a disease, as it instills terror,
anxiety, and is considered an evil and unbeatable killer.
Anticancer drugs are usually of high cost and even when
most approved cancer drugs provide little gain for patients,
drives much of the research as patients are anxious and willing to pay whatever companies charge. Regulatory agencies
are keen to introduce new anticancer drugs on the market.
A review of drugs for solid cancers approved by the European Medicines Agency in its first 10 years found that, overall, new oncology drugs improved survival by a mean and
median of 1.5 and 1.2 months, respectively. The 71 drugs
approved by the FDA from 2002 to 2014 for solid tumors
have resulted in median gains in progression-free and overall
survival of only 2.5 and 2.1 months, respectively [24].
Improving economy and health care facilities in developing countries like India has led to increased average life span
of an individual and the disease scenario has switched from
communicable to non-communicable ailments. Cancer is one
of the deadliest diseases seen in the modern world. World
Health Organization (WHO) estimates that if the current rate
of cancer remains unchanged, new cases of cancer will
increase from 14 million cases (2012) to 22 million cases
within two decades (WHO report 2014). Unfortunately, India
has one of the largest out-of-pocket health care expenditures
worldwide; despite offering economical services in comparison to United Kingdom and United States, it is unaffordable
to a large group of the population due to poor income. Over
the years, increasing healthcare costs (particularly in cancer
chemotherapy) has led to development of the concept of con-
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trol over drug pricing. Thus, providing a low cost commer-

available at the site of drug action when administered at the

Table 4. ANOVA p-values, intra- and inter-patient CV for imatinib
Parameter
lnCmax
lnAUC0-24

ANOVA (p-value)
Center

Sequence

Center* Sequence

Formulation

Period (center)

Intra-patient
CV (%)

Inter-patient
CV (%)

0.3577
0.1925

0.8373
0.5764

0.7830
0.9948

0.7337
0.7725

0.8338
0.3002

13.6
12.3

20.4
25.2

CV, coefficient of variance.

cially available formulation is the most promising approach,
which can be achieved by launching generic medicine on the
market. A generic medicine is an alternative to a "reference
medicine" that has already been approved and authorized;
it contains the same active substance(s), used in equal dose(s)
for treatment of the same disease(s) as the reference medicine. Generic medicines are frequently being used in several
countries, considering pharmacoeconomics, and physicians
are showing interest in effective alternatives available at a
low price over high priced innovator products.
A similar effect can be achieved by launching generic
drugs at a low cost; however, they should demonstrate bioequivalence with innovator products. US FDA defined it as
“the absence of a significant difference in the rate and extent
to which the active ingredient or active moiety in pharmaceutical equivalents or pharmaceutical alternatives becomes

Table 5. Day-wise bifurcation based on the onset of
adverse events
Visit/Day

No. of adverse events

Day 1 (period 1)
Day 7 (check-in period 2)
Day 8 (period 2)
End of study assessment
Total

2
1
3
5
11

same molar dose under similar conditions in an appropriately designed study.” Bioequivalence is a pharmacokinetics
term used for evaluation of the anticipated in-vivo biological
equivalence of two proprietary preparations of a drug.
Imatinib is a cytotoxic drug; hence, cancer patients were
considered as an appropriate population for conduct of
study to avoid unnecessary exposure to healthy volunteers.
Imatinib is indicated for treatment of patients with Ph+ CML
in blast crisis, accelerated phase, or in chronic phase as well
for treatment of patients with Kit (CD117) positive unresectable and/or metastatic malignant GISTs. The study was
conducted with a single dose of the highest recommended
dosage strength and plasma samples were efficiently quantified for Imatinib using a developed and validated bio-analytical method which was sensitive enough (LLOQ, 5.021
ng/mL) for quantification of the samples.
As shown in Fig. 1, the mean concentration vs. time profile
curve was comparable between test and reference formulations. Test/reference ratios for ln-transformed data for the
pharmacokinetic parameters Cmax and AUC0-24 were close to
unity. The ratio and 90% confidence interval of geometric
least squares means of test product and reference product for
ln-transformed Cmax and AUC0-24 were 99.0% (94.03%104.16%) and 99.2% (94.72%-103.90%), respectively, which
are within the acceptance limit of 80.00%-125.00%, set for
bioequivalence. Hence, the test product met the bioequivalence criteria with respect to the rate and extent of absorption
of Imatinib under fed conditions as per US FDA criteria.

Table 6. Summary of AEs
AE
Neutropenia
Thrombocytopenia
Pain
Pyrexia
Headache
Dizziness
Total No. of AEs

System organ class
Blood and lymphatic system disorders
Blood and lymphatic system disorders
General disorders and administration site conditions
General disorders and administration site conditions
Nervous system disorders
Nervous system disorders

Test

Reference

No. of AEs

0
1
1
3
1
1
7

2
1
0
1
0
0
4

2
2
1
4
1
1
11

AE, adverse event.
VOLUME 48 NUMBER 3 JULY 2016

1127

Cancer Res Treat. 2016;48(3):1120-1129

ANOVA p-values for log transformed Cmax and AUC0-24
were determined in two ways, first, formulation*center
effect was evaluated to check the pool-ability of the data. Formulation*center effect was found to be statistically non-significant at a 5% level, hence this interaction term
(formulation*center) was dropped from the ANOVA model.
A statistical analysis was re-performed by excluding this interaction term and ANOVA p-values were determined. The
sequence effect was tested at the 10% level of significance
using the subjects nested within sequence mean square as
the error term. All other main effects were tested at the 5%
level of significance against the residual error (mean square
error) from the ANOVA model as the error term. Center,
sequence, center*sequence, formulation, period (center)
effect for ln-transformed Cmax and AUC0-24 were insignificant.
The power of the test for both lnCmax and lnAUC0-24 was
100%, within the required limit of ! 80%. The overall intra
subject variability for lnCmax and lnAUC0-24 were 13.2% and
12.6%, respectively. Intra-patient variability was low (< 30%)
indicating that sample size and study design for the current
bioequivalence study is reasonable enough to provide adequate statistical power to comply with FDA bioequivalence
requirement.
Pre-enrollment laboratory and vital parameters for all
patients were within clinically acceptable ranges for enrollment in the study. Blood cell count, hemoglobin, serum
bilirubin, alanine transaminase, aspartate aminotransferase,
alkaline phosphatase, and serum creatinine were performed
before dosing on day 1 (or one day prior to period 1 dosing)
and before dosing on day 8 (or one day prior to period
2 dosing). Laboratory assessments for all patients were
within clinically acceptable ranges, except for patient A-04.
The laboratory abnormality was recorded as an AE. Similarly, laboratory parameter evaluation performed after
period 2 (as safety follow up) showed that all patients were
within clinically acceptable ranges, except for patient A-07,
A-11, and C-01.
Out of the eleven AEs reported, nine AEs were mild in

nature and two AEs were moderate. The causality assessment was judged as possible for three and as unlikely for
eight AEs. The most frequently reported AE was fever
(four cases reported). There were no deaths during the conduct of study; however, one serious adverse event (SAE)
(viral fever in patient A-14) was reported. Ten of the eleven
AEs recovered without sequelae and outcome of one AE was
unknown. Patient A-14 was withdrawn from the study due
to SAE and was followed up until resolution of SAE. The
causality assessment of the SAE to the study drug was
judged to be unlikely. Both IMPs were well tolerated by Ph+
CML patients. Thus, it can be concluded that both the test
and reference products can be safely administered.

Conclusion
In conclusion, in a bioequivalence study for imatinib
(Gleevec vs. imatinib mesylate 400 mg tablets) conducted in
Ph+ CML patients, stabilized on imatinib mesylate tablets
400 mg, test and reference formulations of imatinib met the
regulatory criteria for bioequivalence based on the rate and
extent of absorption. Based on the finding of this study, it can
be concluded that the product is bioequivalent and safe, thus
suggesting the clinical application of the test product as an
alternative to Gleevec.

Conflicts of Interest
This work was financially supported by Sun Pharmaceutical Industries Limited (erstwhile Ranbaxy Laboratories
Limited).

References
1. Robertson SC, Tynan JA, Donoghue DJ. RTK mutations and
human syndromes: when good receptors turn bad. Trends
Genet. 2000;16:265-71.
2. Gora-Tybor J, Robak T. Targeted drugs in chronic myeloid
leukemia. Curr Med Chem. 2008;15:3036-51.
3. Druker BJ. Translation of the Philadelphia chromosome into
therapy for CML. Blood. 2008;112:4808-17.
4. Faderl S, Talpaz M, Estrov Z, O'Brien S, Kurzrock R, Kantar-

1128

CANCER RESEARCH AND TREATMENT

jian HM. The biology of chronic myeloid leukemia. N Engl J
Med. 1999;341:164-72.
5. O'Dwyer ME, Druker BJ. Chronic myelogenous leukaemia:
new therapeutic principles. J Intern Med. 2001;250:3-9.
6. Sawyers CL. Chronic myeloid leukemia. N Engl J Med. 1999;
340:1330-40.
7. Guilhot F, Chastang C, Michallet M, Guerci A, Harousseau JL,
Maloisel F, et al. Interferon alfa-2b combined with cytarabine

Rachna Arora, Pharmacokinetic and Safety of Imatinib in Patients

versus interferon alone in chronic myelogenous leukemia.
French Chronic Myeloid Leukemia Study Group. N Engl J
Med. 1997;337:223-9.
8. Buchdunger E, Cioffi CL, Law N, Stover D, Ohno-Jones S,
Druker BJ, et al. Abl protein-tyrosine kinase inhibitor STI571
inhibits in vitro signal transduction mediated by c-kit and
platelet-derived growth factor receptors. J Pharmacol Exp
Ther. 2000;295:139-45.
9. Borg C, Terme M, Taieb J, Menard C, Flament C, Robert C, et
al. Novel mode of action of c-kit tyrosine kinase inhibitors
leading to NK cell-dependent antitumor effects. J Clin Invest.
2004;114:379-88.
10. Heinrich MC, Corless CL, Demetri GD, Blanke CD, von
Mehren M, Joensuu H, et al. Kinase mutations and imatinib
response in patients with metastatic gastrointestinal stromal
tumor. J Clin Oncol. 2003;21:4342-9.
11. Druker BJ, Talpaz M, Resta DJ, Peng B, Buchdunger E, Ford
JM, et al. Efficacy and safety of a specific inhibitor of the BCRABL tyrosine kinase in chronic myeloid leukemia. N Engl J
Med. 2001;344:1031-7.
12. Nikolova Z, Peng B, Hubert M, Sieberling M, Keller U, Ho YY,
et al. Bioequivalence, safety, and tolerability of imatinib tablets
compared with capsules. Cancer Chemother Pharmacol. 2004;
53:433-8.
13. Peng B, Dutreix C, Mehring G, Hayes MJ, Ben-Am M, Seiberling M, et al. Absolute bioavailability of imatinib (Glivec)
orally versus intravenous infusion. J Clin Pharmacol. 2004;44:
158-62.
14. Peng B, Lloyd P, Schran H. Clinical pharmacokinetics of imatinib. Clin Pharmacokinet. 2005;44:879-94.
15. Druker BJ, Sawyers CL, Kantarjian H, Resta DJ, Reese SF, Ford
JM, et al. Activity of a specific inhibitor of the BCR-ABL tyrosine kinase in the blast crisis of chronic myeloid leukemia and

acute lymphoblastic leukemia with the Philadelphia chromosome. N Engl J Med. 2001;344:1038-42.
16. van Erp NP, Gelderblom H, Guchelaar HJ. Clinical pharmacokinetics of tyrosine kinase inhibitors. Cancer Treat Rev.
2009;35:692-706.
17. Gschwind HP, Pfaar U, Waldmeier F, Zollinger M, Sayer C,
Zbinden P, et al. Metabolism and disposition of imatinib
mesylate in healthy volunteers. Drug Metab Dispos. 2005;33:
1503-12.
18. Ault P, Kantarjian H, O'Brien S, Faderl S, Beran M, Rios MB,
et al. Pregnancy among patients with chronic myeloid
leukemia treated with imatinib. J Clin Oncol. 2006;24:1204-8.
19. O'Brien SG, Guilhot F, Larson RA, Gathmann I, Baccarani M,
Cervantes F, et al. Imatinib compared with interferon and lowdose cytarabine for newly diagnosed chronic-phase chronic
myeloid leukemia. N Engl J Med. 2003;348:994-1004.
20. Demetri GD, von Mehren M, Blanke CD, Van den Abbeele
AD, Eisenberg B, Roberts PJ, et al. Efficacy and safety of imatinib mesylate in advanced gastrointestinal stromal tumors. N
Engl J Med. 2002;347:472-80.
21. Smith AG, Painter D, Howell DA, Evans P, Smith G, Patmore
R, et al. Determinants of survival in patients with chronic
myeloid leukaemia treated in the new era of oral therapy: findings from a UK population-based patient cohort. BMJ Open.
2014;4:e004266.
22. Drummond M. Pharmacoeconomics: friend or foe? Ann
Rheum Dis. 2006;65 Suppl 3:iii44-7.
23. Center for Drug Evaluation and Research. Guidance for industry: bioanalytical method validation. Silver Spring, MD: U. S.
Department of Health and Human Services, Food and Drug
Administration; 2001.
24. Light DW, Lexchin J. Why do cancer drugs get such an easy
ride? BMJ. 2015;350:h2068.

VOLUME 48 NUMBER 3 JULY 2016

1129

pISSN 1598-2998, eISSN 2005-9256
http://dx.doi.org/10.4143/crt.2015.206

Cancer Res Treat. 2016;48(3):1130-1140

Open Access

Original Article

Isotype-Specific Inhibition of Histone Deacetylases: Identification of
Optimal Targets for Radiosensitization

Jin Ho Kim, MD, PhD1,2
Sung Ho Moon, MD, PhD1
Mina No, BS3
Jae Jin Kim, BS1,3
Eun Jung Choi, PhD3
Bong Jun Cho, PhD3
Jae Sung Kim, MD, PhD1,3
Il Han Kim, MD, PhD1,2,4
In Ah Kim, MD, PhD1,3,4

Purpose
Histone deacetylase (HDAC) inhibitors radiosensitize tumor cells. To elucidate mechanisms
underlying radiosensitization by HDAC inhibition, understanding of differential contributions
of HDAC isotypes is needed. The aim of this study was to investigate involvement of known
HDAC isotypes in modulation of cellular radiosensitivity.
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Results
Among 11 HDAC isotypes tested, specific inhibition of 7 isotypes (HDAC1, HDAC3, HDAC4,
HDAC6, HDAC7, HDAC10, and HDAC11) enhanced radiation lethality in SQ20B cells.
Radiosensitization by inhibition of these HDAC isotypes was accompanied by delay of DNA
double strand break repair. Radiosensitivity of SQ20B cells was not altered by selective
inhibition of the remaining four isotypes (HDAC2, HDAC5, HDAC8, and HDAC9). Inhibition
of HDAC isotypes resulted in downregulation of various proteins involved in pro-survival and
DNA damage repair pathways.
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Materials and Methods
Because pharmacologic HDAC inhibitors lack isotype-specificity, RNA interference against
11 HDAC isotypes was used to inhibit HDAC in an isotype-specific manner. Radiation cell
survival was evaluated using a clonogenic assay in SQ20B cells transfected with small
interfering RNA specifically targeting HDAC isotypes. Immunocytochemistry was performed
for detection of !H2AX foci. Protein expression was measured using Western blotting.
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Conclusion
Isotype-specificity exists in HDAC inhibition-induced radiosensitization. Different HDAC
isotypes are differentially involved in modulation of cellular radiosensitivity.

Introduction
Histone deacetylase (HDAC) deacetylases lysine residues
on both core histones and non-histone targets. So far, 18
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genes were found to encode HDAC family, which are
grouped according to class I to IV [1]. Aberrant regulation of
classic HDACs (class I, II, and IV) has been reported in various cancer types suggesting significance of HDAC in carcinogenesis. Thus, classical HDACs have been a new target
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for anti-cancer drug development. However, pan-HDAC
inhibitors lack isotype selectivity, simultaneously inhibiting
multiple HDAC isotypes. Unselective inhibition of multiple
HDAC isotypes might underlie numerous adverse effects
demonstrated in clinical studies [1].
Radiotherapy is an integral component in an armamentarium of cancer treatments, and identification of effective
radiosensitizers has been an area of intense research. However, development of radiosensitizers has been hampered by
their unsatisfactory efficacy revealed in clinical trials. In the
last two decades, various HDAC inhibitors of diverse structural backbones have been reported to enhance radiation
lethality in cancer cells [2-10]. These observations suggest
that any molecules with HDAC inhibitory activity induce
radiosensitization. Thus, HDAC might provide a useful target for modulation of cellular radiosensitivity, implying that
HDAC inhibitors have a therapeutic potential to overcome
radiation resistance of cancers. Relation of class selectivity of
HDAC inhibitors to their radiosensitizing properties has
already been demonstrated [11]. Although pan-inhibitory
profile of HDAC inhibitors might be preferred for therapeutic application, the lack of isotype-specificity hampers investigation into mechanisms underlying radiosensitization by
HDAC inhibition. Suppression of DNA double strand break
(DSB) repair has been suggested as a mechanism underlying
radiosensitization by HDAC inhibitors [4,5,7,10]. However,
the mechanisms regarding involvement of different HDAC
isotypes in regulation of DNA DSB repair pathways are not
fully elucidated.
The aim of the current study was to identify HDAC isotypes responsible for radiosensitization induced by HDAC
inhibition. RNA interference was applied for selective inhibition of 11 members of classical HDACs (HDAC1 to
HDAC11). This allowed us to determine the relative contributions of each HDAC isotype towards cellular response to
ionizing radiation. Isotype-specific inhibition using specific
siRNAs targeting HDAC isotypes showed significant attenuation of protein expression of corresponding HDAC. Specific inhibition of class I HDAC (HDAC1 and HDAC3), class
II HDAC (HDAC4, HDAC6, HDAC 7, and HDAC10), or
class IV HDAC (HCAC11) decreased clonogenic survival of
SQ20B cells following ionizing radiation. Inhibition of these
isotypes resulted in downregulation of various histonedependent or non-histone target proteins implicated in radiation response. Correlation was observed between radiosensitization by HDAC inhibition and interference of DNA DSB
repair. Inhibition of some HDAC isotypes resulted in downregulation of key molecules involved in DSB repair and prosurvival pathway.

Materials and Methods
1. Cell culture
The SQ20B cell line was obtained from a patient with
recurrent laryngeal carcinoma as described previously [12].
Cells were maintained and cultured using standard techniques at 37°C in 5% (v/v) CO2 using culture medium recommended by the supplier. In all experiments, different cell
populations were first cultured in Dulbecco’s modified
Eagle’s medium containing 10% fetal bovine serum.
2. Synthetic small interfering RNAs
Synthesis and analysis of target sequence-specific siRNAs
were performed as previously reported [12]. Specific siRNAs
against each HDAC isotype and nonspecific control siRNA
were purchased from a commercial vendor (Bioneer, Daejeon, Korea). The target sequences for the siRNAs used in this
study were as follows: control, ACG AAA UUG GUG GCG
UAG G (dTdT); HDAC1, UCA UCC UCU GUU UUG ACU
C (dTdT); HDAC2, ACU GAG CUC AGU UUC CGU C
(dTdT); HDAC3, UAG AGG GAU AUU GAA GCU C
(dTdT); HDAC4, AAG UCU GAG CCU CGA UCA G
(dTdT); HDAC5, AGA CGA UAA CAG ACA GAC G
(dTdT); HDAC6, UCU AGG CUG UGA ACC AAC A
(dTdT); HDAC7, AUC AGU UGC UGC GUC AUG U
(dTdT); HDAC8, AAG GAU GUA CUU AAG ACA C
(dTdT); HDAC9, UUU GCU GUC GCA UUU GUU C
(dTdT); HDAC10, UGA UAU CCG GCG UUG UCA G
(dTdT); and HDAC11, UGU CGU CCA UGA AGU CUC G
(dTdT).
3. Transfection of siRNA and clonogenic survival assay
Transfection of siRNA into SQ20B cells was performed
using a previously reported method [12]. Briefly, 1!105 to
2!105 cells were plated into 6-well culture plates. When cells
were 30%-40% confluent, the medium was changed to
antibiotic-free medium. Thirty to 60 µL of each annealed
oligo duplex (25 mmol/L concentration) in 235 µL of
reduced serum medium (Opti-MEM, Life Technologies,
Stratagene, La Jolla, CA) was transfected into cells using 15
to 30 µL of Lipofectamine 2000 (Invitrogen, Carlsbad, CA).
Transfection efficiency, monitored by fluorescence microscopy and fluorescence-activated cell sorting analysis for
intracellular uptake of Cy-5–labeled oligonucleotides at the
initial phase of this study was consistently over 80%.
The method used for clonogenic assay was previously
reported [8]. Two to 4 days after transfection, cells were
trypsinized, and a specified number of cells were seeded in
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six-well culture plates for irradiation. Cells were exposed to
graded doses of radiation using a medical linear accelerator
(Varian Medical Systems, Palo Alto, CA) at a dose rate of 2.46
Gy/min. Colonies were fixed with methanol, stained with
0.5% crystal violet, and counted 14 to 21 days after irradiation. For generation of survival curves, surviving fraction
data was fitted to a linear-quadratic model using the Kaleidagraph software (ver. 3.51, Synergy Software, Reading, PA).
Each point on the survival curve represents the mean surviving fraction from at least triplicate dishes. Sensitizer enhancement ratio (SER) was defined as the ratio of the isoeffective
radiation doses with the transfection of siRNA against specific HDAC isotypes to doses with the transfection of nonspecific control siRNA at a surviving fraction of 0.5.
4. Immunoblot analysis
Cells were harvested using lysis buffer (iNtRON Biotechnology, Seoul, Korea). Proteins were solubilized by sonication and equal amounts of protein were separated on sodium
dodecyl sulphate polyacrylamide gel electrophoresis and
electroblotted onto polyvinylidene difluoride membranes
(Millipore, Bedford, MA). Membranes were blocked in phosphate-buffered saline containing 0.1% Tween 20 and 5%
powdered milk, and probed with the primary antibody
against each HDAC isotype (HDAC1, HDAC3, HDAC4,
HDAC5, HDAC6, and HDAC7 antibodies from Cell Signaling, Beverly, MA; HDAC8 and HDAC9 antibodies from
Santa Cruz Biotechnology, Santa Cruz, CA; HDAC10 antibody from Sigma-Aldrich, St. Louis, MO; HDAC11 antibody
from Abgent, San Diego, CA). Antibodies against Rad51,
phospho-ataxia telangiectasia mutated (phospho-ATM),
Aurora A, Aurora B, X-linked inhibitor of apoptosis (XIAP),
and survivin were purchased from Cell Signaling Technology.
5. Immunocytochemistry
Immunocytochemistry was performed as described previously [9]. Slides were examined on an Axio Scope Imager
A1 fluorescence microscope. Images were captured and
acquired using AxioCam MR c5 and acquisition software
AxioVision v.4.4 (Carl Zeiss, Gottingen, Germany).
6. Statistical analysis
Differences of surviving fractions at each radiation dose
level were tested using a two-sided t test between cells
treated with nonspecific siRNA versus cells transfected with
siRNA against specific HDAC isotypes.
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Results
1. Selective inhibition of HDAC isotypes reduces tumor
cell radiation survival
Transfection with siRNA against HDAC isotypes specifically inhibited expression of only corresponding isotypes
(Supplementary Fig. S1). For direct evaluation of the differential contribution of HDAC isotypes to cellular radiation
resistance, we examined the radiosensitivity of SQ20B cells
treated with siRNA specific for various isotypes of class I, II,
and IV HDAC. Our working criterion of radiosensitization
was SER of 1.2 or greater. Of class I HDAC, selective inhibition of HDAC1 and HDAC3 resulted in decreased radiation
survival in SQ20B cells to similar degrees (Fig. 1). Among
members of class II and IV HDAC, specific inhibition of
HDAC4, HDAC6, HDAC7, HDAC10, and HDAC11 resulted
in reduced radiation survival (Fig. 2). SER from selective
inhibition of these HDAC isotypes are summarized in
Table 1.
2. Selective inhibition of HDAC isotypes interferes with
DNA repair proteins
As shown above, selective inhibition of a subset of HDAC
isotypes can enhance radiation lethality in SQ20B cells. As
an initial investigation into the mechanism responsible for
this radiosensitization, we used immunoblot analysis of
phosphorylated histone H2AX (!H2AX). Irradiation of
SQ20B cells immediately induced !H2AX foci (data not
shown). To determine the effect of HDAC isotype-specific
inhibition on !H2AX, SQ20B cells transfected with siRNA
against HDAC isotypes were irradiated to 8 Gy, and foci formation was evaluated 4 hours after irradiation. In cultures
transfected with nonspecific control siRNA, the !H2AX level
at 4 hours returned to unirradiated levels (Fig. 3, panels
labeled as control). The elevated level of !H2AX foci formation remained constant in cells under selective inhibition of
HDAC1, HDAC3, HDAC4, HDAC6, HDAC7, HDAC10, and
HDAC11 (Fig. 3). The maintenance of !H2AX levels suggested that radiosensitization via selective HDAC isotype
inhibition involves interference with DNA damage repair.
3. Isotype-specific inhibition of HDACs and various target
proteins
As presented above, selective inhibition of some HDAC
isotypes can augment radiation lethality in SQ20B cells. This
suggests that interference in cellular radiation responses
might underlie radiosensitization by siRNA targeting specific HDAC isotypes. Immunoblot analysis of proteins
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Fig. 1. Effects of inhibition of class I histone deacetylase (HDAC) on radiosensitivity. SQ20B cells were transfected with siRNAs targeting HDAC isotypes: HDAC1 (A), HDAC2 (B), HDAC3 (C), and HDAC8 (D). Selective suppression of HDAC isotype expression was confirmed by Western blotting. Then, cells were exposed to graded doses of radiation. Survival was
measured using a clonogenic assay. Inhibition of HDAC1 and HDAC3 enhanced radiation lethality. Asterisks denote
p < 0.05 (two-sided t test).

known to be associated with radiosensitivity was performed
to identify targets affected by HDAC inhibition. Transfected
SQ20B cells were irradiated to a single dose of 8 Gy. Proteins
were extracted for Western blot 4 hours after irradiation.
Rad51 is an early component of homologous recombination

of DNA DSB repair. Isotype-specific inhibition of HDAC1,
HDAC3, HDAC4, HDAC6, HDAC7, HDAC8, HDAC9, and
HDAC10 resulted in downregulation of Rad51 in SQ20B cells
(Fig. 4A). These findings implicate Rad51 as an intermediary
of radiosensitization by HDAC inhibition. Next, we investi-
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Table 1. Enhancement of radiation lethality in SQ20B cells
by selective inhibition of HDAC isotypes
Class

Member

SER

I

HDAC1
HDAC3
HDAC4
HDAC6
HDAC7
HDAC10
HDAC11

1.53
1.44
1.24
1.72
1.42
1.27
1.22

II

IV

Sensitizer enhancement ratio (SER) was estimated at a surviving fraction of 0.5. HDAC, histone deacetylase.

gated the effect of selective HDAC inhibition on ATM phosphorylation. Selective suppression of HDAC1 resulted in
down-regulation of phospho-ATM, while inhibition of
HDAC2 had no apparent effect on its expression (Fig. 4B).
HDAC inhibition was previously reported to induce degradation of Aurora kinases [13]. Selective inhibition of HDAC3
and HDAC4 resulted in downregulation of Aurora kinases
B and A, respectively (Fig. 4C). Survivin and XIAP are members of inhibitors of apoptosis (IAP). Inhibition of survivin
or XIAP was reported to result in radiosensitization of lung
cancer cells [14]. Inhibition of HDAC5, however, had no
influence on either Aurora A or Aurora B expression
(Fig. 4C). We found that selective inhibition of HDAC7
resulted in attenuated expression of both survivin and XIAP
(Fig. 4D).

Discussion
We reported on the first comprehensive investigation into
the contribution of HDAC isotypes towards radiosensitization by HDAC inhibition. Using isotype-specific siRNA, we
found that only a subset of HDAC isotypes are involved in
modulation of radiosensitivity of human laryngeal cancer
cells. Radiosensitization by isotype-selective HDAC inhibition was coupled with delayed repair of DNA DSB. In addition, selective inhibition of some isotypes resulted in
downregulation of key proteins involved in cellular radiation
responses and DNA damage repair.
Classic HDACs are a promising category for anti-cancer
drug targets. Apart from their anti-cancer effects, reports that
various HDAC inhibitors enhance radiation lethality of cancer cells in both animal and in vitro models have been consistent [2-10]. Given the observations using inhibitors of
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varied structural backbones, it is assumed that HDAC inhibition generally induces radiosensitization. However, the
mechanisms of HDAC isotypes regulating cellular radiosensitization are not fully understood. We previously reported
the class difference of HDAC inhibitors in sensitizing tumor
cells to ionizing radiation. Trichostatin A, which inhibits both
class I and II of HDAC, was a more potent sensitizer than
SK-7041, a class I HDAC inhibitor. Splitomicin, an inhibitor
of class III HDAC, had no apparent effect on cellular
radiosensitivity [11]. However, relative contribution of
HDAC isotypes has not been addressed comprehensively.
Most pharmacological HDAC inhibitors lack isotype-selectivity, and inhibit a wide range of HDAC isotypes to varying
degrees [1]. Thus, most reports using HDAC inhibitors are
inherently inadequate to interrogate relationships of specific
HDAC isotypes with radiosensitivity.
Instead of HDAC inhibitors, specific siRNA was used
against a panel of HDAC isotypes. In SQ20B cells transfected
with isotype-selective siRNA, inhibition of HDAC1, HDAC3,
HDAC4, HDAC6, HDAC7, HDAC8, HDAC10, and HDAC11
resulted in increased radiation lethality (Figs. 1 and 2).
Suppression of the remaining HDAC isotypes had no
apparent effect on cellular radiosensitivity. Current observations suggest that members of the HDAC family may
unevenly contribute to radiosensitization by HDAC inhibition. Other investigators have implicated a specific HDAC
isotype in cellular radiation responses. Silencing of HDAC4
via RNA interference was reported to result in radiosensitization of HeLa cells [15]. HDAC4 silencing decreased expression of 53BP1 and abrogated radiation-induced G2-phase
delay. Geng et al. [4] reported translocation of HDAC4 from
the cytoplasm into the nucleus of lung cancer cells following
irradiation. Treatment with LBH589, an HDAC inhibitor,
increased cellular radiosensitivity and blocked nuclear
translocation of HDAC4. These results fit with our observation that selective HDAC4 inhibition enhanced radiation
lethality in SQ20B cells. Contrary to our previous report [11],
we found that inhibition of some class I (HDAC2 and
HDAC8) and class II (HDAC5 and HDAC9) had little influence on radiosensitivity. Thus, it is plausible that HDAC
inhibition might induce radiosensitization in an isotype-specific, not a class-dependent manner. However, isotype-specificity determining HDAC-mediated sensitization is poorly
understood.
Irradiation arrests cell cycle progression at G2/M phases,
and induces !H2AX foci in the nucleus. !H2AX foci are
formed at DNA DSB, and their temporal dynamics serve as
an indicator of the DNA repair process. HDAC inhibition has
been consistently reported to abrogate radiation-induced cell
cycle arrest at the G2/M phase [16] and delay clearance of
radiation-induced !H2AX foci [4,5,7,9]. We observed that
radiosensitization by selective inhibition of several HDAC
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Fig. 2. (Continued from the previous page) Inhibition of HDAC4, HDAC6, HDAC10, and HDAC11 induced radiosensitization.
Survival after irradiation was measured as described in Fig. 1. Asterisks denote p < 0.05 (two-sided t test).

nonhomologous end joining [17]. Rad51 is recruited to DSB
sites via interaction with BRCA2, and plays a central role in
initiation of homologous recombination. We found that
inhibition of a subset of HDAC isotypes resulted in diminished expression of Rad51 following irradiation in SQ20B
cells. Apparent downregulation of Rad51 followed transfection of cells with siRNA against all HDAC isotypes except
HDAC2, HDAC5, and HDAC11 (Fig. 4A). Our observations
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imply that selective inhibition of some HDAC isotypes
impedes the homologous recombination pathway by downregulation of Rad51. However, siRNA against HDAC11
enhanced radiation lethality without apparent influence on
Rad51 expression (Figs. 2G and 4A). Thus, it is unlikely that
downregulation of Rad51 and resultant interference with
homologous recombination is the sole mechanism underling
sensitization by HDAC inhibition.
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ATM belongs to a family of kinases with sequence homology to phosphoinositide 3-kinase. Irradiation leads to activation of ATM via its autophosphorylation and dissociation of
dimeric forms [17]. We observed that selective inhibition of
HDAC1 decreased phospho-ATM in irradiated SQ20B cells,
while HDAC2 inhibition resulted in no apparent change in
ATM phosphorylation (Fig. 4B). Results of clonogenic survival experiments and immunoblotting analyses suggest that
inhibition of HDAC1 induces radiosensitization by suppression of ATM autophosphorylation following irradiation.
ATM interacts with HDAC1 both in vitro and in vivo. Irradiation strengthens an association between ATM and HDAC1,
and HDAC inhibitor disrupts the interaction between two

molecules [18]. Thus, our findings show that interaction of
HDAC1 with ATM is required for autophosphorylation of
the latter following irradiation. Since ATM is a regulator of
both homologous recombination and nonhomologous end
joining pathways, HDAC1 inhibition likely impedes repair
of DNA DSB and results in radiosensitization. Rad51 expression and ATM phosphorylation was not affected by selective
inhibition of HDAC2 in irradiated SQ20B cells (Fig. 4A and
B). Thus, it may be conjectured that HDAC2 inhibition is
irrelevant with diminution of DNA repair pathways. This
postulation is corroborated by our observation that selective
HDAC2 inhibition resulted in no radiosensitization (Fig. 1B).
Aurora kinases are serine/threonine kinases known as key
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Fig. 4. Immunoblotting for Rad51 (A), phospho-ataxia telangiectasia mutated (phospho-ATM) (B), Aurora kinases A and B
(C), and surviving and X-linked inhibitor of apoptosis (XIAP) (D) in SQ20B cells after irradiation. Cells were transfected
with siRNAs targeting selected histone deacetylase (HDAC) isotypes, and irradiated to 8 Gy. Cells were fixed for immunostaining 4 hours after irradiation.

mitotic regulators in maintenance of genomic stability, and
aberrant regulation of Aurora A and Aurora B kinases has
been reported in various human cancers [19]. Inhibition of
Aurora kinases has been shown to enhance radiosensitivity
in cancer cells [20,21]. We observed that selective inhibition
of HDAC3 and HDAC4 resulted in downregulation of
Aurora B and Aurora A kinases in irradiated SQ20B cells
(Fig. 4C). Since inhibition of both HDAC3 and HDAC4
increased cellular susceptibility to radiation lethality
(Figs. 1C and 2A), downregulation of Aurora kinases might
underlie radiosensitization by inhibition of these HDAC
isotypes. Our observation agrees well with that of Cha et al.
[13] using LBH589, an HDAC inhibitor, who showed that
treatment with LHB589 resulted in degradation of both
Aurora A and Aurora B by targeting HDAC3 and HDAC6.
Taken together, these findings suggest that downregulation
of Aurora kinases might contribute to radiosensitization by
selective inhibition of HDAC3, HDAC4, and HDAC6.
Both survivin and XIAP, members of IAP, play a major role
in protecting cells from apoptotic signals. Thus, both survivin
and XIAP are considered to confer marked resistance to cancer treatment. Survivin expression is a marker of tumor
resistance to radiotherapy. High expression of survivin was
associated with higher risk of local recurrence in rectal cancer
patients after preoperative chemoradiotherapy [22]. Accordingly, inhibition of IAP has been investigated as a strategy to
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overcome tumor resistance to cancer treatment. Enhanced
radiation lethality in human cancer cells by knockdown of
survivin and XIAP using antisense oligonucleotides has been
well demonstrated [14,23,24]. In a lung cancer xenograft
model, combined inhibition of both survivin and XIAP
resulted in increased delay of tumor growth after tumor
irradiation [24]. However, the role of IAP as a mediator of
HDAC-related radiosensitization has not been reported. We
observed that selective inhibition of HDAC7 resulted in
downregulation of both survivin and XIAP in SQ20B cells
(Fig. 4D). These findings imply involvement of suppression
of IAP in radiosensitization by HDAC inhibition.
The current study is the first comprehensive investigation
into radiosensitization by isotype-specific HDAC inhibition.
Our findings showed that various HDAC isotypes are differentially implicated in determining cellular radiosensitivity.
Interference with DNA DSB repair is likely the pivotal mechanism underlying radiosensitization by isotype-selective
HDAC inhibition. It is likely that HDAC inhibition impedes
homologous recombination by downregulation of Rad51,
although nonhomologous end joining may also be affected.
However, disruption of the DNA repair pathways is likely
not the sole mechanism of modulation of radiosensitivity by
HDAC inhibition. To the contrary, radiosensitization by
HDAC inhibition may be mediated by downregulation of
various pro-survival, mitotic regulatory proteins. Given both

Jin Ho Kim, Isotype-Specific HDAC Inhibition for Radiosensitization

the isotype diversity and wide range of biological targets of
HDAC, it is postulated that HDAC inhibition affects multiple
cellular pathways and perturbs radiation responses, which
converges onto hindrance of DNA damage repair.
These results expand the growing evidence of the differential roles of individual HDAC isotypes, and provide proof
of the concept of optimal targets for effective radiosensitization that combine a preferred functional profile with least
unwanted side effects.
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HDAC isotypes in modulating cellular radiosensitivity.
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Dexamethasone Inhibits TGF-!1–Induced Cell Migration by Regulating
the ERK and AKT Pathways in Human Colon Cancer Cells Via CYR61

Purpose
One of the features in cancer development is the migration of cancer cells to form metastatic
lesions. CYR61 protein promotes migration and the epithelial-mesenchymal transition in
several cancer cell types. Evidence suggests that CYR61 and dexamethasone are relevant
to colorectal cancer. However, relationships between them and colorectal cancer are still
unclear. Understanding the molecular mechanism of colorectal cancer progression related
with CYR61 and dexamethasone, which is widely used for combination chemotherapy, is
necessary for improved therapy.
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Materials and Methods
We used colorectal cancer cells, HCT116, co-treated with transforming growth factor !1
(TGF-!1) and dexamethasone to examine the inhibitory migration effect of dexamethasone
by migratory assay. Alternatively, both migratory pathways, expression of AKT and ERK, and
the target factor CYR61 was also tested by co-treatment with TGF-!1 and dexamethasone.
Results
We report that dexamethasone significantly inhibited TGF-!1–induced cell migration, without affecting cell proliferation. Importantly, we observed that TGF-!1 promoted the epithelial-mesenchymal transition process and that dexamethasone co-treatment abolished this
effect. ERK and AKT signaling pathways were found to mediate TGF-!1–induced migration,
which was inhibited by dexamethasone. In addition, TGF-!1 treatment induced CYR61
expression whereas dexamethasone reduced it. These observations were compatible with
the modulation of migration observed following treatment of HCT116 cells with human
recombinant CYR61 and anti-CYR61 antibody. Our results also indicated that TGF-!1
enhanced collagen I and reduced matrix metalloproteinase 1 expression, which was
reversed by dexamethasone treatment.
Conclusion
These findings suggested that dexamethasone inhibits AKT and ERK phosphorylation, leading to decreased CYR61 expression, which in turn blocks TGF-!1–induced migration.

Introduction
Colorectal cancer is a common cancer which kills approximately one-third of the affected individuals in the developed world. It has been estimated that over 1 million people
worldwide develop colorectal cancer annually [1]. Despite
│ http://www.e-crt.org │

Key words
Cysteine-rich protein 61, Dexamethasone, Colon

improved prognosis and treatment of colorectal cancer in
recent years, no satisfactory therapy for colon cancer has
been developed clinically because of associated tendency for
metastasis. Initiation of metastasis requires invasion, which
is enabled by the epithelial-mesenchymal transition (EMT).
The EMT is a process whereby cells lose cell-cell adhesion
and gain migratory and invasive properties. The EMT plays
Copyright ⓒ 2016 by the Korean Cancer Association
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physiological roles in embryogenesis, wound healing, and
tissue regeneration. In terms of pathology, it causes organ
fibrosis; cancer development, progression, and metastasis;
and chemoresistance. The EMT pathway has been considered a critical threshold that is crossed in the progression of
most types of cancer involving migration [2]. During metastasis, cells from a primary cancer can invade adjacent tissue
and enter the blood stream and lymphatic system, and circulate. Migrating cells can then attach to the endothelium of
vessels and invade new sites and proliferate. Cancer metastasis is similar to the EMT–mesenchymal-epithelial transition
(MET) process, and the EMT serves an important role in the
metastasis of cancer [3].
The most common approach for investigating the EMT
process is to study the expression of EMT biomarkers in
human tissues or blood samples. Evidence of EMT in tissues
or serum includes the expression of connective tissue markers such as vimentin, N-cadherin, fibronectin, and !-smooth
muscle actin (SMA) and the downregulation or abolishment
of epithelial markers such as E-cadherin and cytokeratin.
Another characteristic of the EMT process is the upregulation
of Snail family proteins (Snail and Slug), zinc-finger proteins
(ZEB1, ZEB2), the HLH protein (Twist), and certain microRNAs.
Results of several studies have indicated that the EMT in
metastatic cells depends upon various regulatory factors.
Among those factors, E-cadherin, fibronectin, and Slug
are useful prognostic indicators [4]. The phosphoinositide
3-kinase (PI3K)/AKT/mammalian target of rapamycin and
mitogen-activated protein kinase (MAPK) signaling pathways are also involved in regulation of EMT [5]. Increased
ARK phosphorylation has been implicated in the induction
of the EMT and cell migration. In addition, the transcription
factors Snail and Slug play essential roles in cell migration.
Slug expression can be upregulated in the wound margins
in in vitro, in vivo, and ex vivo settings. In Slug-null mice,
re-epithelialization is reduced, compared with wild-type
mice [4].
Cysteine-rich angiogenic inducer 61 (CYR61), a member of
the CYR61/CTGF/NOV (CCN) protein family, consists of
CYR61 (also known as CCN1 family member 1 [CCN1]), connective tissue growth factor (CTGF/CCN2), nephroblastoma-overexpressed (NOV/CCN3), and Wnt-induced
secreted proteins 1, 2, and 3 (Wisp-1/CCN4, Wisp-2/CCN5,
and Wisp-3/CCN6, respectively). These CCN proteins are
involved in multiple functional pathways including mitogenesis, cellular adhesion, migration, cell survival, differentiation, angiogenesis, and wound healing [6]. Numerous
studies have focused on the roles of CCN proteins in cancer,
particularly those of CYR61 and CCN1. CYR61 may serve
essential roles as either an oncogene or a tumor suppressor,
depending on the cancer cell type. CYR61 also induces
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angiogenesis, which supplies oxygen and nutrients to tumors
during growth. CYR61 can also play a role in the proliferation, invasion, survival, and metastasis of cancer cells [7].
Clinically, CYR61 expression is related to the prognosis of
prostate cancer or breast cancer [8], although little is known
about the role of CYR61 in colorectal cancer. Jeong et al. [9]
measured CYR61 expression in 251 specimens from patients
with colorectal cancer; in 6 cell lines (HT29, colo205, Lovo,
HCT116, SW480, and SW620); and in 20 pairs of normal vs.
colorectal cancer tissues.
Dexamethasone is an anti-inflammatory agent that blocks
nuclear factor !B–induced cytokine transcription, resulting
in inhibited cytokine production and macrophage activation
[10]. In a murine model, corticosteroid administration prior
to treatment with a chemotherapeutic agent resulted in
reduced hematologic toxicity [11]. Dexamethasone is widely
used as an effective anti-emetic in combination with chemotherapy, although it can potentially induce perioperative
immunosuppression or promote tumor proliferation or
metastasis [12]. However, these potential concerns were not
manifested in a prospective human clinical trial with cancer
patients. In a phase II randomized trial in patients with lung
cancer who were treated with gemcitabine and carboplatin,
pretreatment with dexamethasone prior to chemotherapy
showed favorable effects, with reduced hematologic toxicity
in patients. No significant difference in the overall survival
was observed between the dexamethasone group and nondexamethasone group [13].
With many solid cancers (including colorectal cancer),
dexamethasone is widely used to reduce the toxicity of
chemotherapy. However, only a few clinical trials have been
conducted to evaluate the impact of dexamethasone treatment on the survival of colon cancer patients. According to
the results from a randomized, controlled trial conducted by
Singh et al. [14] preoperative dexamethasone is associated
with a higher rate of distant metastases in patients with colon
cancer who undergo a colectomy.
Understanding the molecular mechanism of colorectal cancer progression is necessary to exploring various approaches
for improved therapy. Here, we investigated the molecular
mechanism whereby dexamethasone may promote human
colorectal cancer cell migration and its relationship with
CYR61 by co-treatment of HCT116 cells with dexamethasone
with transforming growth factor "1 (TGF-"1), a cytokine that
potentially promotes cellular migration.

Sanghoon Han, Inhibition of Cell Migration by Dexamethasone

Materials and Methods
1. Reagents
Human polyclonal anti-rabbit CYR61 antibody and human
recombinant CYR61 were purchased from Santa Cruz
Biotechnology (Dallas, TX). Recombinant TGF-!1 was purchased from Cell Signaling Technology (Danvers, MA). Dexamethasone was purchased from Sigma Aldrich (St. Louis,
MO) and dissolved in distilled water to the indicated concentrations.
2. Cell culture
The HCT116 human colorectal cancer cell line was cultured in RPMI medium supplemented with 10% fetal bovine
serum (FBS; Gibco, Grand Island, NY) and 1% penicillin/
streptomycin (PAA Laboratories, Piscataway, NJ). Cells were
incubated in a humidified atmosphere at 37°C in 5% CO2.
3. MTT assays
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was used in cell viability assays, as described in
our previous study [15]. HCT116 cells were seeded in 96-well
plates (200 µL/well, 3!104 cells/mL). Subsequently, the cells
were treated with dexamethasone at various concentrations
for 48 hours. MTT solution (10 µL, 5 mg/mL; Amresco,
Solon, OH) was added to each well followed by incubation
for 37°C for 4 hours. Subsequently, the medium was gently
removed and replaced with 150 µL of dimethyl sulfoxide
(DMSO) followed by incubation for 30 minutes with shaking
to dissolve the precipitate. The samples were then analyzed
by measuring the absorbance of 570 nm in a spectrophotometer.
4. Scratch wound healing assays
Cells were seeded at 50%-60% confluency in culture dishes
for 24 hours before initiating wound healing scratch assays.
A scratch was made in the cell monolayer by drawing a sterile p-200 pipette tip across the surface of the culture dish.
After the scratch was made, the culture medium was supplemented with 10 ng/mL TGF-!1, 10 µM dexamethasone, or a
combination of both. DMSO treatment was used as a vehicle
control. At 0- and 48-hour post-treatment, photographs of
the cell monolayer were acquired at 4! magnification using
an Olympus IX70 microscope (Tokyo, Japan), equipped with
a digital camera. The dimensions of scratches were measured
using ImageJ software (National Institute of Health,
Bethesda, MD), and the difference between the initial and

final widths of the scratches was calculated.
5. Western blot analysis
Cells were treated with 10 ng/mL TGF-!1, 10 µM dexamethasone, or a combination of both for 48 hours. The cells
were harvested by scraping and lysed in RIPA buffer (50 mM
Tris-HCl, 150 mM NaCl, 1.0% [v/v] NP-40, 0.5% [w/v]
sodium deoxycholate, 1.0 mM ethylenediaminetetraacetic
acid, 0.1% [w/v] sodium dodecyl sulfate [SDS], and 0.01%
[w/v] sodium azide at a pH of 7.4). Protein concentrations
were determined using the BCA Kit (Thermo Scientific,
Grand Island, NY). Extracts were analyzed by SDS–polyacrylamide gel electrophoresis, followed by immunoblotting
with appropriate antibodies. AKT (9272), phosphorylated
AKT (9271S), ERK (4695), Slug (9585S), and glyceraldehyde
3-phosphate dehydrogenase (2118) were obtained from Cell
Signaling Techonology. E-cadherin (610181) was purchased
from BD Science Transduction (San Jose, CA), pERK
(sc-7383), collagen I (sc-25974), collagen III (sc-28888), and
fibronectin (sc-9068) were purchased from Santa Cruz
Biotechnology. MMP1 (444209) was purchased from Calbiochem (Hessen, Darmstadt, Germany). We used antimouse (PI-2000, Vector Labs Inc., Burlingame, CA),
anti-rabbit (PI-1000, Vector Labs Inc.), and anti-goat (AP107P, Millipore, Billerica, MA) secondary antibodies. The
blots were analyzed using ImageJ software. The relative
changes in the ratios of expression of target proteins in
treated cells to that in control cells were determined.
6. Reverse-transcriptase polymerase chain reaction experiments
Cells were seeded in a 60-mm culture dish and treated
with 10 ng/mL TGF-!1, 10 µM dexamethasone, or a combination of both for 48 hours. RNA from treated cells was
extracted using Trizol reagent (Invitrogen, Grand Island,
NY). Next, 2 µg of total RNA were used for cDNA synthesis
with the Reverse Transcriptase Kit (Promega, Madison, WI).
The resulting cDNA was used for reverse-transcriptase polymerase chain reaction (RT-PCR) analysis with the G-Taq Kit
(Cosmo Genetech, Seoul, Korea), according to the manufacturer’s instructions.
RT-PCR was performed using appropriate gene-specific
forward and reverse primers, which were selected using the
Blast Primer tool. The results were analyzed using the ImageJ
software. The relative change in the ratio of the target protein
to the DMSO control was determined.
7. Matrix metalloproteinases zymography
Matrix metalloproteinase (MMP) zymography was perVOLUME 48 NUMBER 3 JULY 2016
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formed according to a standard procedure, with the modification that 8% SDS gels (Amresco) containing gelatin
(0.01 mg/mL) were used. The SDS in the gels was removed
by incubating the gels twice (30 minutes each) in 200 mL of
2.5% Triton X-100 at 4°C. Thereafter, the gel slabs were incubated at 37°C overnight in an incubation buffer (50mM TrisHCl [pH 8.0], 5 mM CaCl2, 0.02% NaN3). The gels were then
fixed and stained by immersion for 1 hour in 0.05%
Coomassie Blue R-250 (Amresco). Molecular weight-marker
proteins were visible as stained bands against the lighter blue
stained gelatin background. Gelatinase activity was detected
as clear zones (negative staining) against the blue background.

to untreated control cells (Fig. 1B).
TGF-! can induce EMT and the migration of various cell
types [16]. Thus, we tested whether TGF-!1 can induce the
migration and invasion of HCT116 cells. TGF-!1 (10 ng/mL)
significantly augmented cell migration, whereas migration
was significantly inhibited in cells co-treated with 10 ng/mL
TGF-!1 and either 10 or 20 µM dexamethasone (Fig. 1C). To
confirm this inhibitory effect of dexamethasone, we studied
cell invasion in transwell assays, finding that dexamethasone
inhibited TGF-!1–induced cell invasion (Fig 1D). Collectively, these findings indicated that dexamethasone inhibited
TGF-!1–dependent HCT116 cell migration, but not cell viability.

8. Transwell invasion assays

2. Dexamethasone inhibits the EMT process

The Transwell invasion assay was performed using a Transwell plate (Corning, New York, NY). HCT116 cells were
harvested by trypsinization, and 7!104 cells/well in 100 µL
of medium was seeded into insert wells. The bottom well
contained RPMI medium with 10% FBS as a chemoattractant.
After 24 hours, the medium in the insert wells was replaced
by 100 µL of serum-free medium containing different concentrations of dexamethasone and TGF-!1. Invasive cells in
the receiving wells were collected by trypsinization and
counted using a hemocytometer.

Because dexamethasone inhibited TGF-!1–induced cell
migration, we hypothesized that dexamethasone may also
block TGF-!1–induced EMT. Thus, we tested whether dexamethasone treatment affects the expression of important
EMT markers such as E-cadherin, vimentin, or Slug. At the
transcriptional level, RT-PCR results indicated that although
TGF-!1 induced elevated expression of Slug and vimentin,
these levels were slightly, but not significantly, decreased in
cells co-treated with dexamethasone. However, the TGF-!1–
dependent decrease in E-cadherin was inhibited by co-treatment with dexamethasone (Fig. 2A). In addition, immunoblotting analysis showed that vimentin and Slug expression
were similarly modified at the protein level by TGF-!1
and/or dexamethasone treatment (Fig. 2B).
Degradation of the extracellular matrix (ECM) by MMP
proteins is required for tumor cells to undergo the EMT
process. We found that MMP7 and MMP1 were slightly
downregulated by TGF-!1 treatment, whereas treatment
with dexamethasone resulted in upregulation of these metalloproteinases (Fig. 2C and D). In contrast, collagen type I
and fibronectin, which are important ECM proteins involved
in cell migration, were augmented by TGF-!1 treatment,
while treatment with dexamethasone alone or in combination with TGF-!1 resulted in slightly decreased expression
levels (Fig. 2C and D). In addition, gelatin zymography data
showed that the levels of gelatinase activity from MMP2 and
MMP9 were not changed significantly in treated cells compared to control cells (Fig. 2E). These data suggested that
dexamethasone treatment inhibited the TGF-!1–induced
EMT process, but was not directly related to ECM protein
regulation.

9. Statistics
Results are presented as the mean±standard deviation
(SD). Group comparisons were performed with one-way
analysis of variance and Student’s t test using SPSS ver. 12.0
(SPSS Inc., Chicago, IL). p < 0.05 was considered to indicate
statistical significance. All experiments were repeated in at
least three independent experiments.

Results
1. Dexamethasone inhibits TGF-!1–induced migration, but
not colorectal cancer cell proliferation
To examine the beneficial effects of dexamethasone in a
human colorectal cancer cell line (HCT116), we first studied
cell viability and migration in MTT assays and scratchwound assays, respectively. We observed no significant differences in cell viability in dexamethasone dose-response
curves (Fig. 1A). Notably, the migration data indicated that
treatment with dexamethasone resulted in significantly
decreased cell migration at 10 µM after 24 hours, compared
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3. Critical roles of the AKT and ERK signaling pathways
in dexamethasone-inhibited migration
Activation of MAPK family members (ERKs) and the
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Fig. 1. Effects of dexamethasone on migration and proliferation of HCT116 cells. (A) HCT116 cells were seeded at a density
of 3!104 cells/mL and grown for 24 hours, followed by incubation of the cells with dexamethasone for 48 hours at the indicated concentrations. Cells were then incubated with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide solution
for 4 hours at 37ºC, and the absorbance was measured at 570 mm. (B) HCT116 cells were seeded in 48-well plates at 7!104
cells/mL overnight and then scratched and treated with the indicated concentrations of dexamethasone. The length of the
scratches was measured after 24 and 48 hours. (C) The scratch wound healing assay was performed as described previously.
HCT116 cells were treated with dexamethasone (1, 2, and 5 µM) alone or co-treated with transforming growth factor !1 (TGF!1, 10 ng/mL). (D) Transwell invasion assay. HCT116 cells were seeded overnight as described in the "Materials and Methods" section. The cells were then treated with TGF-!1 (10 ng/mL) or co-treated with dexamethasone for 48 hours at a final
concentration of 5, 10, or 20 µM. Invasive cells were collected by trypsinization and counted. The data shown are the mean±SD
from at least three independent experiments. *p < 0.05, compared to control cells.
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dexamethasone treatment. HCT116 cells were seeded overnight and treated for 48 hours with 10 ng/mL TGF-!1, or
co-treated with 5 or 10 µM dexamethasone. (A, D) mRNA expression was examined by reverse-transcriptase polymerase
chain reaction using primers designed to amplify the indicated targets. (B) Protein expression was examined by western blot
analysis with the indicated antibodies. (C) HCT116 cells were treated in serum-free media with the indicated concentrations
of TGF-!1 and dexamethasone. Conditioned media were removed and concentrated by Amicon-filter centrifugation. Proteins
in the media were analyzed by western blot for the expression of collagen I and matrix metalloproteinase (MMP) 1, using
the indicated antibodies. (E) Conditioned media were analyzed by zymography in gelatin gels, as described in the "Materials
and Methods" section. GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

PI3K/AKT pathway is important for regulation of cell
migration [17]. Therefore, we investigated the importance of
the expression and phosphorylation of ERKs and AKT in cell
migration by treating HCT116 cells with TGF-! with or without dexamethasone co-treatment at differing concentrations.
We found that TGF-!1 treatment induced AKT and ERK
phosphorylation, which was inhibited in a dose-dependent
manner by co-treatment with dexamethasone (Fig. 3A).
Treatment with dexamethasone alone resulted in slightly
decreased ERK phosphorylation and significantly decreased
AKT phosphorylation. These data suggested that the
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inhibitory effect of dexamethasone on migration may involve
AKT and ERK phosphorylation.
To confirm these findings, we investigated HCT116 cell
migration following treatment with TGF-!1 treatment
and/or dexamethasone in the presence or absence of the
AKT inhibitor LY49002 (50 µM) or the ERK inhibitor PD98059
(50 µM). The inhibitors caused markedly decreased TGF-!1–
dependent cell migration compared to control cells (Fig. 3B).
Taken together, these findings demonstrated that TGF-!1
and dexamethasone regulated HCT116 cell migration via the
ERK and AKT pathways.
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Fig. 3. Transforming growth factor !1 (TGF-!1) induced ERK and AKT phosphorylation and cell migration, which was
reversed by dexamethasone treatment. (A) HCT116 cells were treated for 48 hours with 10 ng/mL TGF-!1 or co-treated with
5 or 10 µM dexamethasone. ERK and AKT phosphorylation were detected by western blot analysis with the indicated antibodies. (B) Scratch wound healing assays were performed as described previously. HCT116 cells were treated with dexamethasone alone (1, 2, or 5 µM), or co-treated with TGF-!1 (10 ng/mL) and/or the ERK inhibitor PD98059 (50 µM) or the AKT
inhibitor LY49002 (50 µM). Scratch migration distances were measured after 24 and 48 hours. The histogram shows the results
obtained after ImageJ data analysis. The data shown represent the mean percent migration distance±standard deviation
from at least three replicates, *p < 0.05 in all experiments. The statistical analysis was performed between the TGF-!1 treatment alone with the control (no treat) or TGF-!1 treatment alone with co-treatment with dexamethasone, respectively.
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Fig. 4. The mediated role of CYR61 in dexamethasone-inhibited cell migration. (A) HCT116 cells were seeded overnight in
48-well plates at a density of 7!104 cells/mL and then scratched and treated with the indicated concentrations of hrCYR61,
with or without AbCYR61 (500 ng/mL). Scratch migration distances were measured after 24 hours and 48 hours. (B, C)
Scratch wound healing assays were performed as described previously. HCT116 cells were treated with dexamethasone
(10 µM) or transforming growth factor !1 (TGF-!1, 10 ng/mL) alone, or co-treated with hrCYR61 (330 ng/mL) or AbCYR61
(500 ng/mL). The values shown represent the mean±standard deviation of three independent experiments, *p < 0.05, compared with control cells in all experiments. The statistical analysis was performed between the TGF-!1 treatment alone with
the control (no treat) or TGF-!1 treatment alone with co-treatment with AbCYR61 or hrCYR61, respectively.

4. CYR61-dependent regulation of migration and EMT via
the AKT and ERK signaling pathways
The findings described above demonstrated that TGF-!1
and dexamethasone can regulate cell migration via ERK and
AKT phosphorylation. Thus, we hypothesized that the inhibition of migration observed by dexamethasone treatment in
HCT116 cells may involve the CYR61 pathway. To determine
the role of CYR61 in cell migration, HCT116 cells were
treated with human recombinant CYR61 (hrCYR61), with or
without an anti-CYR61 antibody (AbCYR61). Results from
migration scratch assays indicated that hrCYR61 caused sig-
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nificantly increased cell migration in a dose-dependent manner, an effect that was abolished by AbCYR61 (Fig. 4A). TGF!1–induced migration was also alleviated by treatment with
AbCYR61 (Fig. 4B), whereas hrCYR61 counteracted dexamethasone-inhibited migration (Fig. 4C). Next, we examined
the question of whether CYR61 participates in the ERK and
AKT pathway by treatment of HCT116 cells with TGF-!1
alone, or by co-treatment with dexamethasone. As shown in
Fig. 5A, ERK and AKT phosphorylation, which was downregulated by dexamethasone, was elevated by hrCYR61.
Similarly, TGF-!1–induced ERK and AKT phosphorylation
was reduced by AbCYR61 treatment (Fig. 5B). These results
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Fig. 5. CYR61 regulation of ERK and AKT phosphorylation and dexamethasone-inhibited cell migration. HCT116 cells were
treated for 48 hours with transforming growth factor !1 (TGF-!1, 10 ng/mL), or with dexamethasone (10 µM) combined
with hrCYR61 (300 ng/mL) (A) or AbCYR61 (500 ng/mL) (B). (Continued to the next page)
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Fig. 5. (Continued from the previous page) ERK and AKT phosphorylation were detected by western blot analysis with the indicated
antibodies. (C) CYR61 mRNA expression levels were examined by reverse-transcriptase polymerase chain reaction using primers
designed against the indicated targets. (D) HCT116 cells were treated with dexamethasone (1, 2, or 5 µM) alone, or co-treated with
TGF-!1 (10 ng/mL) and/or the ERK inhibitor PD98059 (50 µM) or the AKT inhibitor LY49002 (50 µM). CYR61 protein expression
was examined by western blot analysis with the indicated antibodies. Data are represented as the mean percent migration
distance±standard deviation of at least three replicates. *p < 0.05 in all experiments. GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

demonstrated that the CYR61 protein can regulate ERK and
AKT phosphorylation.
To confirm that dexamethasone or TGF-!1 can affect cell
migration through CYR61 modulation, we examined CYR61
expression following TGF-!1 and/or dexamethasone treat-
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ment. In agreement with the migration results described
above, CYR61 mRNA and protein expression was increased
by TGF-!1 treatment and abolished by co-treatment with
dexamethasone (Fig. 5D).
In addition, co-treatment with dexamethasone, TGF-!1,
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Fig. 6. Proposed model for modulation of CYR61 expression by transforming growth factor !1 (TGF-!1) and
dexamethasone to activate or inhibit ERK and AKT phosphorylation, which promote cell migration. Dex, dexamethasone.

and either the ERK inhibitor PD98059 (50 µM) or the AKT
inhibitor LY49002 (50 µM) showed that the effects of TGF-!1
and dexamethasone on CYR61 expression were not significantly changed by treatment with the ERK and AKT
inhibitors, compared to control cells (Fig. 5D). These findings
indicate that the CYR61 protein may serve as an upstream
regulator of the ERK and AKT pathways during cell migration.

Discussion
CYR61, a secreted, ECM-associated signaling protein of the
CCN family, is capable of regulating a broad range of cellular
activities, including cell adhesion, migration, proliferation,
differentiation, the EMT process, and apoptosis in several
types of cancer cells [18,19]. TGF-!1 can upregulate CYR61
expression, leading to enhanced osteosarcoma cell migration
[20]. CYR61 expression is modulated by extracellular acidification and PI3K/AKT signaling in prostate carcinoma
PC-3 cells [21], and CYR61 signaling may be critical for EMT,
stemness, and pancreatic carcinogenesis [19].
Glucocorticoids such as dexamethasone are widely used
in combination with anti-cancer agents to reduce their
adverse side effects. The benefits of glucocorticoids have
been associated with their capacity to reduce tumor-associ-

ated edema. Recent findings have demonstrated that glucocorticoids operate through various mechanisms to alleviate
the symptoms of chemotherapy in treatment of several types
of cancer, including head and neck, breast, and cervical cancer. In head and neck cancer, dexamethasone treatment
inhibits production of vascular endothelial growth factor via
signal transducer and activator of transcription 3 suppression, leading to reduced cancer cell migration [22]. Dexamethasone may also be used in combination with other
chemotherapeutics to improve their anti-cancer effects. For
example, in combination with 1-alpha, 25-dihydroxyvitamin
D [2], dexamethasone activated ERK/AKT signaling to transfer the signals to the nucleus and inhibit the cell cycle
process, meaning that it enhanced the cell cycle arrest and
might elevate cell apoptosis [23]. Despite these insights, the
molecular mechanism whereby dexamethasone influences
cancer cell migration remains unclear.
The data presented in this study demonstrated that dexamethasone treatment can significantly inhibit TGF-!1–
induced migration and invasion of HCT116 colorectal cancer
cells. However, dexamethasone treatment did not influence
cell proliferation. Importantly, we observed that TGF-!1 promoted the EMT process, which was inhibited by dexamethasone. E-cadherin downregulation by TGF-!1 was reversed
by co-treatment with dexamethasone (Fig. 2A and B). Downregulation of the cell junction protein E-cadherin appears to
involve regulation by Wnt or TGF-! via the inducible activation of kinase pathways that modulate the activities of
GTPases, SMADs, PI3Ks, MAPKs, and !-catenin, or the activation of transcription factors, including LEF-1, Snail, Slug,
and Scatter, ultimately leading to E-cadherin repression [2].
Increased expression levels of Slug and vimentin can serve
as markers for EMT [2]. In the current study, TGF-!1 was
used to stimulate migration by inducing EMT (Figs. 1 and 2)
in order to examine the effects of dexamethasone.
Results from several reports indicate that dexamethasone
affects cell proliferation in cancer cells [21]. In contrast, our
data showed that while dexamethasone reduced TGF-!1–
induced migration, dexamethasone treatment alone did significantly affect migration. There was evidence that dexamethasone can inhibit EMT and promote MET. Dexamethasone has been shown to cause changes in cell morphology,
expression of epithelial and mesenchymal cell markers (such
as E-cadherin, ZO-1, and "-SMA), and cell migration [24]. In
agreement, our results showed that dexamethasone treatment affected cell migration, as well as the expression of the
epithelial cell marker E-cadherin and the transcription factor
Slug (Fig. 3). However, dexamethasone treatment did not
affect the EMT process. The expression of MMPs and collagen I was not significantly influenced by dexamethasone
treatment.
We hypothesize that molecular signaling pathways modVOLUME 48 NUMBER 3 JULY 2016
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ulate the effects of dexamethasone treatment. The MAPK and
PI3K/AKT signaling pathways are associated with cell
migration [17]. It has been previously demonstrated that glucocorticoids can affect MAPK and PI3K/AKT signaling activation. The beneficial effects of dexamethasone on TGF-!1–
induced EMT occur by the amelioration of ERK and p38
MAPK phosphorylation. Similarly, we found that co-treatment with dexamethasone inhibited ERK and AKT phosphorylation, compared to TGF treatment alone. These data
suggested that dexamethasone inhibited TGF-!1–induced
EMT, which was confirmed by treatment with AKT and ERK
inhibitors (Fig. 4).
Treatment with hrCYR61 significantly induced cell migration, a finding that was confirmed by showing that AbCYR61
treatment inhibited cell migration. In prostate carcinoma
PC-3 cells, CYR61 protein production was modulated by
extracellular acidification and PI3K/A signaling activation
[21]. In osteosarcoma tumor and lung cancer cells, the CYR61
pathway was regulated by AKT and ERK phosphorylation
[25]. In agreement, we found that hrCYR61 treatment
induced AKT and ERK phosphorylation in human colorectal
cells. In addition, ERK and AKT phosphorylation inhibitors
did not affect CYR61 expression (Fig. 5D), although CYR61
expression was significantly reduced by TGF-!1/dexamethasone co-treatment compared with TGF-!1 treatment alone.

Conclusion
Taken together, our data are suggestive of a model
whereby dexamethasone downregulates CYR61 expression,
leading to decreased AKT and ERK phosphorylation and the
reversal of TGF-!1–induced cell migration (Fig. 6).
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describing the topic, and figure descriptions should be
included within the case report.

pISSN 1598-2998
eISSN 2005-9256
http://www.e-crt.org

Letters to the Editor
The Editors welcome readers’ comments on articles published
recently in the journal or topics of interest.

3. PEER REVIEW PROCESS
The acceptance criteria for all papers are based on the quality
and originality of the research and its clinical and scientific significance. Original Articles are generally reviewed by at least
two peer reviewers and, when required, a biostatistician. An
initial decision will normally be made within 4 weeks of receipt
of a manuscript, and the reviewers’ comments are sent to the
corresponding authors by e-mail. Revised manuscripts must be
submitted online by the corresponding author. The corresponding author must indicate the alterations that have been made
in response to the referees’ comments item by item. Failure to
resubmit the revised manuscript within 12 weeks of the editorial
decision is regarded as a withdrawal.

4. ELECTRONIC SUBMISSION OF A MANUSCRIPT
Manuscripts are submitted online to Cancer Research and
Treatment via Homepage (http://journal.cancer.or.kr). Submission instructions are available at the website. All articles submitted to the journal must comply with these instructions. Failure
to do so will result in return of the manuscript and a possible
delay in publication. For assistance please contact us via e-mail
(journal@cancer.or.kr), telephone (+82-2-3276-2410), or fax
(+82-2-792-1410).

uscript isreceived for consideration, the editors assume that no
similar paper has been or will be submitted for publication elsewhere. The main document with manuscript text and tables
should be prepared with MS Word or HWP files.
•The manuscript should be written in 12-point font with
double-line spacing on A4 sized (21.0!29.7 cm) paper with
2.5 cm margins on the top, bottom, right, and left.
•All manuscript pages are to be consecutively numbered at
the middle of the bottom, beginning with the title page as
page 1.
•The use of acronyms and abbreviations is discouraged and
should be kept to a minimum. When used, they are to be
defined where first used, followed by the acronym or
abbreviation in parentheses.
•Drug and chemical names should be stated in standard
chemical or generic nomenclature. Units of measure should
be presented according to theInternational System (SI) of
units.
•Title page (see the Original Article section below)

Reporting Guidelines for Specific Study Designs
For the specific study design, such as randomized control studies, studies of diagnostic accuracy, meta-analyses, observational
studies and non-randomized studies, it is recommended that
the authors follow the reporting guidelines listed in the following table.
Initiative

Type of study

CONSORT

Randomized controlled trials
http://www.consort-statement.org

(Source)
STARD
(Source)

5. MANUSCRIPT PREPARATION

PRISMA

General Guidelines

(Source)

Manuscripts must be written succinctly in clear, grammatical
English. All manuscripts originating from non-English speaking
countries must be revised by a professional linguistic reviewer,
and it must be evident from the cover letter that this has been
done. All manuscripts are subject to editorial peer review. The
editors reserve the right to improve the style and, if necessary,
return the manuscript to the author for revision. When a man-

STROBE
(Source)
MOOSE
(Source)

Studies of diagnostic accuracy
http://www.stard-statement.org/
Preferred reporting items of systematic reviews and
meta-analyses
http://www.prisma-statement.org
Observational studies in epidemiology
http://www.strobe-statement.org
Meta-analyses of observational studies in epidemiology
http://www.consort-statement.org/resources/down
loads/other-instruments/moose-statement-2000pdf
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ORIGINAL ARTICLES
Original articles are reports of basic or clinical investigations.
Although there is no limitation on the length of these manuscripts, the Editorial Board may abridge excessive illustrations
and large tables. The manuscript for an original article should
be organized on a separate page in the following sequence:
title page, abstract and keywords, text, conflicts of interest,
acknowledgments (if necessary), references, tables, and figure
legends.

1) Title page
The Title Page should carry the following information.
·Manuscript title, which should be concise but informative.
·Each author’s name (given name, middle name, and surname) followed by the highest academic degree.
·The name of the department(s) and institution(s) where
the work was conducted.
·A running title of fewer than 50 characters.
·The complete mailing address, telephone, facsimile, and
e-mail address for correspondence.

2) Abstract and Keywords
The abstract should be no more than 250 words, and
describe concisely, in a paragraph, the Purpose(s), Materials
and Methods, Results, and Conclusion(s). Below the
abstract, authors should provide 3 to 10 keywords or terms
to be used as index terms. Terms from the Medical Subject
Headings (MeSH) list (http://www.nlm.nih.gov/mesh/
MBrowser.html) should be used; if suitable MeSH terms are
not yet available for recently introduced terms, current
terms may be used.

3) Text
The text should be structured around fix sections and
arranged in this order: Introduction, Materials & Methods,
Results, Discussion, and Conclusion(s). Footnotes are to be
used only for tables and figures. Identify precisely all drugs
and chemicals used, including generic name(s), dose(s),
route(s) of administration, and city and country of manufacturer. Use only standard abbreviations. A subject that is

to be abbreviated must be spelled in full for its first use in
the text, followed by the abbreviation in parentheses.

4) Conflicts of Interest
All potential conflicts of interest must be stated within the
text of the manuscript, under this heading. This pertains to
relationships with pharmaceutical companies, biomedical
device manufacturers, or other corporations whose products or services are related to the subject matter of the article.
Such relationships include, but are not limited to, employment by an industrial concern, ownership of stock, membership on a standing advisory council or committee, being
on the board of directors, or being publicly associated with
the company or its products. Other areas of real or perceived conflict ofinterest could include receiving honoraria
or consulting fees or receiving grants or funds from such
corporations or individuals representing suchcorporations.
Please state "None" if no conflicts exist.

5) Acknowledgments
If necessary, persons who have made substantial contributions, but who have not met the criteria for authorship, are
acknowledged here. All sources of funding applicable to the
study should be stated here explicitly.

6) References
In the text, references should be cited with Arabic numerals
in brackets and numbered in the order cited. In the references section, the references should be numbered in order
of appearance in the text and listed in English. The total
number of references should be less than 30. Any article
longer than these limits should be discussed with the editor.
List all authors if there are less than or equal to six authors.
List the first six authors followed by “et al.” if there are more
than six authors. If an article has been published online, but
has not yet been given an issue or pages, the digital object
identifier (DOI) should be supplied. Journal titles should be
abbreviated in the style used in Medline. Other types of references not described below should follow Citing Medi-

cine: The NLM Style Guide for Authors, Editors, and
Publishers.
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Journal articles
1. Baek KK, Lee J, Park SH, Park JO, Park YS, Lim HY, et al.
Oxaliplatin-induced chronic peripheral neurotoxicity: A
prospective analysis in patients with colorectal cancer. Cancer
Res Treat. 2010;42:185-90.
2. Falcone A, Masi G, Loupakis F, Vasile E, Ciarlo A, Cavaciocchi
D, et al. FOLFOXIRI (irinotecan, oxaliplatin and infusional 5
FU/LV) in combination with bevacizumab in the first-line
treatment of metastatic colorectal cancer. J Clin Oncol.
2008;26(15S):4031.
3. Zhang L, Jiang M, Zhou Y, Du XB, Yao WX, Yan X, et al. Survey on breast cancer patients in China toward breast-conserving surgery. Psycho-Oncology. 2011 Feb 14 [Epub]. Doi:
10.1002/pon.1922.

7) Tables

Book
4. Abeloff MD, Armitage JO, Niederhuber JE, Kastan MB,
McKenna WG. Abeloff's clinical oncology. 4th ed. Philadelphia, PA: Churchill Livingstone; 2008.
5. Wang JC, Dick JE. Cancer stem cells. In: DeVita VT, Lawrence
TS, Rosenberg SA, editors. DeVita, Hellman, and Rosenberg's
cancer: principles & practice of oncology. 8th ed. Philadelphia,
PA: Lippincott Willians & Wilkins; 2008. p. 135-46.

8) Figures

Conference paper
6. Cigler T, Singer O, Moore A, Chuang E, Vahdat LT, Reichman
VS, et al. Evaluation of vitamin D levels and aromatase
inhibitor-associated musculoskeletal symptoms. In: 2010
Breast Cancer Symposium; 2010 Oct 1-3; Washington, DC.
Columbia, MD: American Society of Breast Surgeons; Abstr
166.
Online sources
7. American Cancer Society. Cancer facts & figures [Internet].
Atlanta, GA: American Cancer Society; c2011 [cited 2011 Feb
20]. Available from: http://www.cancer.org/Research/CancerFactsFigures/index.
8. National Cancer Information Center. Cancer incidence [Internet]. Goyang (KR): National Cancer Information Center; c2011
[cited 2010 Oct 20]. Available from: http://www.cancer.go.
kr/cms/statics.

Tables should have a title, begin a new page, and be numbered with Arabic numerals in the order in which they are
cited in the text. The title and contents of a table should be
concise and clear, so that a reader can understand the table
without referring to the text. The total number of tables should
not exceed ten. Within a table, if a non-standard abbreviation
is used or description may be necessary, then list them under
annotation below. Use lowercase letters in superscripts
a), b), c)
… on the right side of the part that needs explanation;
the annotation should be recorded according to the lowercase
letters listed below the table. Statistical measures such as SD
or SE should be identified. Vertical or horizontal lines between
entries should be omitted.

Upload each figure as a separate image file. The figure images
should be provided in high resolution (preferably 300 dpi for
figures and 600 dpi for line art and graphs). They should be
submitted in EPS or TIF format, although JPEG format is
allowed for color figures. The figures should be sized to column width (8.5 cm or 17.5 cm). If the figures are not original,
the author must contact each publisher to request permission
and this should be remarked on in the footnote to the figure.
Figures should be numbered, using Arabic numerals, in the
order in which they are cited. All figures should be cited in
the text (e.g., Fig. 1, Fig. 1A-C, Figs. 1 and 2). In the case of
multiple prints bearing the same number, use capital letters
after the numerals to indicate the correct order (e.g., Fig. 1A,
Fig. 1B). The total number of figures must not exceed ten. Figure legends should be in English and consist of a one-sentence
description rather than a phrase or a paragraph. A legend for
each light microscopic photograph should include the name
of the stain and magnification. Electron microscopic photographs should have an internal scale marker.

META-ANALYSES
In general, these should follow the PRISMA guidelines.
Manuscripts should be structured around fix sections: Introduction, Materials and Methods, Results, Discussion, and Conclusion. The total number of references should be less than 75.
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REVIEWS/ SPECIAL ARTICLES
Reviews are invited by the editor and should be comprehensive analyses of specific topics. They are organized as follows:
title page, abstract and keywords, introduction, body text, conclusion, conflicts of interest, acknowledgments, references,
tables, and figure legends. Upload each figure as a separate
image file. There should be an unstructured abstract equal to
or less than 250 words. References for reviews and special
articles should be less than 75 and 30, respectively. There is no
specific requirement for subsections of the body text of the
paper.

EDITORIAL
Editorials are invited by the editors and should be commentaries on articles published recently in the journal. Editorial
topics could include active areas of research, fresh insights,
and debates. Editorials should be no more than four to five
pages in length including references, tables, and figures.

CASE REPORTS
Case reports will be published only in exceptional circumstances, when they illustrate a rare occurrence of clinical
importance. The manuscript for a case report should be
organized in the following sequence: title page, abstract and
keywords, introduction, case report(s), discussion, conflicts of
interest, acknowledgments (if necessary), references, tables,
and figure legends. Upload each figure as a separate image
file. The abstract should be unstructured and its length should
not exceed 150 words. There should be no more than five figures, including tables, and no more than 15 references.

6. COMMUNICATIONS TO THE PUBLISHER
We invite inquiries to the editorial office at any time during
the editorial process. For all matters concerning presubmission, editorial policies, procedures, business inquiries, subscription information, orders, or changes of address, please
contact the editorial office.

Editorial Office
Korean Cancer Association
Room 1824, Gwanghwamun Officia
92 Saemunan-ro, Jongno-gu, Seoul 03186, Korea
Tel: +82-2-3276-2410, Fax: +82-2-792-1410,
E-mail: journal@cancer.or.kr

7. ADDITIONAL INFORMATION
Copyright
All published papers become the permanent property of the
Korean Cancer Association. Upon acceptance of the manuscript, the authors will be required to sign a statement confirming that the manuscript contains no material the
publication of which violates any copyright or other personal
or proprietary right of any person or entity.

Article Processing Charge
Article charges are required for publication in the journal of
Cancer Research and Treatment. These cover some of the costs
of publication as well as open access online editions in the
journal website (http://www.e-crt.org) or in the PubMed Central (http://www.ncbi.nlm.nih.gov/pmc/journals/915/).
Article charge forms will be sent to the corresponding author
when the submitted article is finally accepted. We thank you
for your prompt payment of article charges for the earliest
publication of the papers. Invited review articles are exempt
from article charges.
Original Article KRW 400,000 or USD 400 Case Report KRW 200,000 or USD 200

Page Proofs
Corresponding authors are provided with page proofs and
are asked to carefully review them for data and typesetting
errors. When proofs are available, the corresponding author
will receive a notification. Corrections to proofs must be
returned via mail or fax within 48 hours. Publication may be
delayed if proofs are not returned by the publisher’s deadline.
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Checklists for Authors

This checklist must be completed, signed by the corresponding author, and submitted with the manuscript.
Please see Instructions for Authors for details related to this checklist.

* Please be sure to check over items from No.1 to No. 13

1. Text in MS word (.doc) or HWP (.hwp) file.
2. Type is 12-pitch, ragged-right margin, double-spaced throughout.
3. Begin each component on a separate page.
4. Title page: (1) complete title, (2) category, (3) name and academic degree of each
author, (4) affiliation, (5) mailing address, telephone, facsimile and E-mail address of
corresponding author, (6) running title of fewer than 50 characters.
5. Abstract with four specified subtitles with less than 250 words.
6. Key words/terms (3 to 10) from the MeSH list of Index Medicus.
7. Reference in proper format, numbered in order as cited in the text.
8. Total number of references less than 30 in Original Articles, 75 in Meta-Analyses and
15 in Case Reports.
9. Tables with their titles.
10. Figures as a separate files, in TIFF or JPG format, minimum 300 DPI.
11. Each necessary permission statement signed by the appropriate source.
12. Approval of IRB (When reporting experiments on human subjects).
13. Elucidation of research or project support/funding (If Applicable).

By signing below, I hereby transfer to the Korean Cancer Association during the full term of
copyright the exclusive rights comprised in the copyright of this work.

Corresponding Author
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Signature

Date
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