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Purpose
It is important to understand the differences between men and women when it comes to 
attitudes and risk perception toward disease. This study aimed to explore the fear of cancer 
from the standpoint of themselves and the opposite sex by cancer type.   

Materials and Methods
A cross-sectional survey with a representative sample was conducted.   

Results
The least and the most feared cancers in men were thyroid cancer and lung cancer, respec-
tively. When men assumed the perspective of women, the least and the most feared can-
cer were thyroid cancer and stomach cancer, respectively. The least and the most feared 
cancers in women were thyroid cancer and stomach cancer, respectively. When women 
assumed the perspective of men, the least and the most feared cancer were prostate can-
cer and lung cancer, respectively. When both men and women assume the perspective of 
the opposite sex, the fear of sex-specific cancer was relatively low compared to the actual 
responses of both men and women. The top six of the most feared side effects of cancer 
treatment were pain, psychological problems, general weakness, digestive dysfunction,  
fatigue, and appearance change. These were the same between men and women.

Conclusion
Health care providers and caregivers in the family should provide care with more attention 
to the differences in thoughts about cancer between men and women. Health care provid-
ers should provide care with more attention to the differences in these problems between 
men and women.

Key words
Cancer, Fear, Complication, Sex, Difference
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Introduction

Fear is the body’s natural, survival-oriented response for 
protecting itself from danger or threats [1]. However, fear for 
health has both positive and negative aspects [2]. Fear may 
serve as a motivation for preventive action [3,4] or a hin-
drance to disease control [5]. In a broad sense, risk perception 
of people involved with the disease is important not only for 
the prevention of the disease, but also for their management 
[6]. 

Cancer is one of the most feared diseases [7]. Cancer is more 
frightening because the treatment process is painful and its 
aftereffects significantly reduce the quality of life [8,9]. The 
physical, mental, social, and economic problems caused by 
cancer have a significant impact on not only the patient but 

also on the caregiver’s family [10]. Cancer is not a single dis-
ease and different types of cancer can be considered as differ-
ent diseases [11]. Thus, fear of cancer and other psychologi-
cal reactions to cancer may be different according to various 
cancer types. 

The problem is that the diversity of these cancers is compli-
cated more by the sex factor. Sex factor does not simply mean 
two biologically distinct groups, because the various aspects 
of suffering through a disease can be different between men 
and women [10,12,13]. Effects of sex factor can be seen in the 
research findings that show that there is a difference between 
the care, attitude, or behavior towards cancer patients in male 
and female spouses [14,15]. In addition, the problems that 
arise due to insufficient consideration of the difference in risk 
perception between men and women in performing health 
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communication have increased [16,17].  
A person’s health behavior can be affected by both their 

own as well as their family members’ risk perception [18-20]. 
In cancer patients, risk perception of the patient and his or her 
family may affect the care of the patient [20,21]. In addition, 
there are reports of better outcomes when considering not 
only individual patients but also families in patient care [22]. 
In this context, it is important to understand the differences 
between men and women’s attitudes and risk perception  
towards diseases. Although studies comparing risk percep-
tions of cancer fears between men and women exist [23,24], 
few studies have examined how they think from the perspec-
tive of the opposite sex. Moreover, knowledge of how men 
and women are guessing the thoughts of the opposite sex 
may allow us to understand how men and women under-
stand differences between sexes. In this study, we explored 
the fear of cancer from the standpoint of themselves and the 
opposite sex by cancer type, and those fears were compared 
between men and women. We also investigated the fear of 
side effects of cancer treatment and compared it between men 
and women.

 

Materials and Methods

1. Study population 
A cross-sectional survey was conducted in May 2017. The 

survey used a proportional quota random sampling design 
to select a representative sample of non-institutionalized 
Koreans who had no experience of cancer for themselves or 
their family members. With stratification by age and sex in 
each 17-administrative district based on the 2016 census of 
Korea, a probability proportional to size method was used to 
sample. Of the randomly selected 1,460 responders who were 
consecutively telephoned, 460 responders were excluded  
because of absence and refusal to participate for several rea-
sons, or because the responder was a cancer patient or had a 
family member with cancer. A total of 1,000 participants were 
finally chosen and a face-to-face interview was conducted by 
professional interviewers of research firm Metrix Corporation 
(Seoul, Korea). The interview process was carefully review- 
ed and monitored by the researchers.  

2. Assessment 
Sociodemographic variables such as age, marital status, 

education level, income level, and economic activity were 
included. The variables were categorized as follows: age 
(20-29, 30-39, 40-49, 50-59, 60-69, and 70 years and older), 
marital status (married, widowed, divorced/separated, or 
single), education level (middle school or lower, high school, 
and college graduate or higher), average monthly individual  
income (≤ 0.99, 1-1.99, 2-2.99, 3-3.99, 4-4.99, ≥ 5.0 million 
KRW/mo), and economic activity (employed, housewife, 

student, or not employed). 
The following questions were asked about the least feared 

cancer and the most feared cancer; “If you had cancer, which 
of the following would you fear less? Please check the 1st, 
2nd and 3rd ranks of the less feared cancers. And in the case 
of men, assume that you’re a female, and in the case of wom-
en, assume that you’re a male.” “If you had cancer, which of 
the following would you fear most? Please check the 1st, 2nd, 
and 3rd ranks of the most feared cancers. And in the case of 
men, assume that you’re a female, and in the case of women, 
assume that you’re a male.” Cancers of choice were stomach 
cancer, colon cancer, lung cancer, liver cancer, thyroid can-
cer, prostate cancer, bladder cancer, renal cancer, pancreatic 
cancer, cancer of bile duct and gallbladder, leukemia, breast 
cancer, cervical cancer, uterine cancer, and ovarian cancer. 

The following questions were asked about the fear of side 
effects of cancer treatment. “What is the most feared side 
effects of cancer treatment? Please check the 1st, 2nd, and 
3rd ranks of the most feared side effects of cancer treatment.” 
Side effects of cancer treatment of choice were pain, fatigue, 
general weakness, digestive dysfunction, sexual dysfunc-
tion, psychological problems, urological dysfunction, motor  
dysfunction, sensory dysfunction, appearance change, lym-
phedema, and infertility. The questionnaire used in this 
study can be found in the Supplementary Material.

3. Statistical methods
To compare the status of sociodemographic variables bet-

ween men and women, chi-square analysis was used as a 
univariate analysis. For the questions about cancer fear and 
fear of the side effects of cancer treatment, 3 points were given 
for the 1st rank, 2 points for the 2nd rank, and 1 point for 
the 3rd rank, and the points were summed as rank scores for 
each type of cancer. Then each type of cancer was ranked by 
scores for each category such as least feared cancer or most 
feared cancer, and the fear of side effects of cancer treatment 
was ranked by the rank scores. Each type of cancer was also 
ranked by 5-year relative survival rate, and the ranks were 
used to compare the fatalness of cancer (5-year relative sur-
vival rate) to the fear ranks mentioned above. Rank difference 
was calculated to show the gaps between 5-year relative sur-
vival rate and each fear rank, and between the fear rank of 
men or women and the fear rank generated from the opposite 
sex. Rank difference was also calculated to show the gaps in 
the fear of side effects of cancer treatment between men and 
women. Student’s t test was used to compare the thoughts 
of men and women about cancer fears and the fear of side  
effects of cancer treatment in both men and women. The anal-
ysis was performed using SPSS ver. 16 (SPSS Inc., Chicago, 
IL). 

4. Ethical statement
The present study was approved by the Korean National 
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Cancer Center Institutional Review Board (NCC 2017-0137). 
All participants provided written informed consent for the 
survey.

Results

As a matter of course due to sampling methods, there was 
no significant difference in age distribution between men 
and women (Table 1). 

The least and the most feared cancers in men were thyroid 
and lung cancer, respectively (Table 2). When men assumed 
the perspective of women, the least and the most feared can-
cers were thyroid and stomach cancer, respectively. Rank 
difference between 5-year relative survival rate and the least 
feared cancer showed that the most optimistic view was of 
stomach cancer, followed by cancer of bile duct and gallblad-
der in men. The least and the most feared cancers in women 
were thyroid and stomach cancer, respectively. 

In terms of the least feared cancer, the men’s guess was 
in line with the women’s response for stomach cancer, lung 
cancer, thyroid cancer, pancreatic cancer, cancer of bile duct 
and gallbladder, breast cancer, and cervical cancer. In the 
case of ovarian cancer, liver cancer, and uterine cancer, men 
were less afraid of those cancers than women. 

For the most feared cancer, the men’s guess was in line with 
the women’s response for stomach cancer, liver cancer, blad-
der cancer, cancer of bile duct and gallbladder, and leukemia. 
In the case of ovarian cancer, breast cancer, cervical cancer, 
and uterine cancer, men were more afraid of those cancers 
than women. The women’s guess was in line with the men’s 
response for colon cancer, lung cancer, renal cancer, cancer of 
bile duct and gallbladder, leukemia, and breast cancer.

When the fear rank scores for the least fearful cancer in 
men were compared between responses of men and guesses 
by women, men feared stomach cancer and thyroid cancer 
less than women’s guesses (Table 3). When women assumed 
the perspective of men, women feared prostate cancer, renal 

Table 1.  General characteristic of the study population 

Values are presented as number (%). a)Chi-square test was used.

Characteristic
 Total Men Women 

p-valuea)

 (n=1,000) (n=501, 50.1%) (n=499, 49.9%) 

Age (yr)
    20-29 167 (16.7) 89 (17.8) 78 (15.6) 0.840
    30-39 188 (18.8) 95 (19.0) 93 (18.6) 
    40-49 216 (21.6) 110 (22.0) 106 (21.2) 
    50-59 209 (20.9) 105 (21.0) 104 (20.8) 
    60-69 206 (20.6) 95 (19.0) 111 (22.2) 
    ≥ 70  14 (1.4) 7 (1.4) 7 (1.4) 
Marital status    
    Married 704 (70.4) 333 (66.5) 371 (74.3) < 0.001
    Widowed 32 (3.2) 8 (1.6) 24 (4.8) 
    Divorced/Separated 34 (3.4) 18 (3.6) 16 (3.2) 
    Single 230 (23.0) 142 (28.3) 88 (17.6) 
Education    
    Middle school or lower 88 (8.8) 30 (6.0) 58 (11.6) 0.002
    High school 422 (42.2) 206 (41.1) 216 (43.3) 
    College or higher 490 (49.0) 265 (52.9) 225 (45.1) 
Income (million KRW/mo)    
    ≤ 0.99 119 (11.9) 36 (7.2) 83 (16.6) < 0.001
    1-1.99 147 (14.7) 36 (7.2) 111 (22.2) 
    2-2.99 229 (22.9) 126 (25.1) 103 (20.6) 
    3-3.99 241 (24.1) 148 (29.5) 93 (18.6) 
    4-4.99 150 (15.0) 91 (18.2) 59 (11.8) 
    ≥ 5  114 (11.4) 64 (12.8) 50 (10.0) 
Economic activity    
    Employed 751 (75.1) 455 (90.8) 296 (59.3) < 0.001
    Housewife 180 (18.0) 0 ( 180 (36.1) 
    Student 39 (3.9) 26 (5.2) 13 (2.6) 
    Not employed 30 (3.0) 20 (4.0) 10 (2.0) 



996     CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2020;52(4):993-1001

Ta
bl

e 
2.

  A
w

ar
en

es
s o

f t
he

 le
as

t f
ea

rfu
l c

an
ce

r a
nd

 th
e m

os
t f

ea
rfu

l c
an

ce
r a

m
on

g 
m

en
 a

nd
 w

om
en

 
 

 
M

en
  

 
 

    
   

   
   

   
   

   
   

   
  W

om
en

 
    

   
   

   
   

   
   

Le
as

t f
ea

rf
ul

    
   

   
   

 M
os

t f
ea

rf
ul

  
    

   
   

   
   

   
   

Le
as

t f
ea

rf
ul

    
   

   
  M

os
t f

ea
rf

ul
  

 
   

   
 R

an
k 

di
ff

er
en

ce

C
an

ce
r 

5-
Ye

ar
    

   
   

   
   

ca
nc

er
 (r

an
k)

    
   

   
   

ca
nc

er
 (r

an
k)

 
5-

Ye
ar

    
   

   
   

   
ca

nc
er

 (r
an

k)
    

   
   

 ca
nc

er
 (r

an
k)

 
   

   
   

   
   

   
   

   

ty
pe

 
re

la
tiv

e   
 

A
ss

um
in

g 
 

 
A

ss
um

in
g 

 
re

la
tiv

e   
 

A
ss

um
in

g 
 

 
A

ss
um

in
g 

   
   

   
   

   
   

   
 

su
rv

iv
al

  
M

e 
 

I a
m

 a
  

M
e 

 
I a

m
 a

  
su

rv
iv

al
  

M
e 

 
I a

m
 a

  
M

e 
 

I a
m

 a
  

B-
A

  
G

-F
  

C
-G

  
E-

I  
H

-B
  

J-
D

 
ra

te
 (r

an
k)

  
(B

) 
 w

om
an

  
(D

)  
w

om
an

  
ra

te
 (r

an
k)

  
(G

) 
m

an
  

(I
)  

m
an

 
(A

)  
 

(C
) 

 
(E

) 
(F

)  
 

(H
) 

 
(J

)

St
om

ac
h 

 
7 

 
2 

 
2 

 
5 

 
1 

 
6 

 
2 

 
3 

 
1 

 
6 

 
–5

  
–4

  
0 

 
0 

 
1 

 
1

Co
lo

n 
 

6 
 

5 
 

12
  

4 
 

9 
 

7 
 

9 
 

7 
 

6 
 

4 
 

–1
  

2 
 

3 
 

3 
 

2 
 

0
Lu

ng
  

11
  

9 
 

10
  

1 
 

7 
 

11
  

10
  

9 
 

3 
 

1 
 

–2
  

–1
  

0 
 

4 
 

0 
 

0
Li

ve
r  

9 
 

8 
 

11
  

3 
 

10
  

12
  

13
  

8 
 

10
  

2 
 

–1
  

1 
 

–2
  

0 
 

0 
 

–1
Th

yr
oi

d 
 

1 
 

1 
 

1 
 

10
  

12
  

1 
 

1 
 

2 
 

13
  

11
  

0 
 

0 
 

0 
 

–1
  

1 
 

1
Pr

os
ta

te
  

2 
 

3 
 

-  
6 

 
-  

-  
-  

1 
 

-  
5 

 
1 

 
-  

-  
-  

–2
  

–1
Bl

ad
de

r  
5 

 
4 

 
6 

 
11

  
14

  
8 

 
5 

 
4 

 
14

  
10

  
–1

  
–3

  
1 

 
0 

 
0 

 
–1

Re
na

l  
4 

 
7 

 
7 

 
9 

 
13

  
4 

 
6 

 
6 

 
12

  
9 

 
3 

 
2 

 
1 

 
1 

 
–1

  
0

Pa
nc

re
at

ic
  

12
  

11
  

14
  

2 
 

6 
 

14
  

14
  

11
  

2 
 

3 
 

–1
  

0 
 

0 
 

4 
 

0 
 

1 
Bi

le
 d

uc
t a

nd
  

10
  

6 
 

8 
(ti

e)
  

8 
 

11
  

13
  

8 
 

5 
 

11
  

8 
 

–4
  

–5
  

0 
 

0 
 

–1
  

0
  g

al
lb

la
dd

er
 (t

ie
)

Le
uk

em
ia

  
8 

 
10

  
13

  
7 

 
8 

 
10

  
12

  
10

  
8 

 
7 

 
2 

 
2 

 
1 

 
0 

 
0 

 
0

Br
ea

st
  

3 
 

12
  

3 
 

12
  

2 
 

2 
 

3 
 

12
  

4 
 

12
  

9 
 

1 
 

0 
 

–2
  

0 
 

0
Ce

rv
ic

al
  

-  
-  

4 
 

-  
5 

 
5 

 
4 

 
-  

7 
 

-  
-  

–1
  

0 
 

–2
  

-  
-

U
te

rin
e (

en
do

m
et

ria
l) 

-  
-  

5 
 

-  
3 

 
3 

 
7 

 
-  

5 
 

-  
-  

4 
 

–2
  

–2
  

-  
-

O
va

ria
n 

 
-  

-  
8 

(ti
e)

  
-  

4 
 

9 
 

11
  

-  
9 

 
-  

-  
2 

 
–3

  
–5

  
-  

-



VOLUME 52 NUMBER 4 OCTOBER 2020     997

Keeho Park, Cancer Fear between Men and Women

Ta
bl

e 
3.

  C
om

pa
ris

on
 o

f c
an

ce
r f

ea
r b

et
w

ee
n 

m
en

 a
nd

 w
om

en

 
 

 
   

   
   

   
   

   
   

 M
en

  
 

 
 

 
 

   
   

   
   

   
   

   
W

om
en

C
an

ce
r 

 L
ea

st
 fe

ar
fu

l c
an

ce
r  

 
  

M
os

t f
ea

rf
ul

 ca
nc

er
  

 
 L

ea
st

 fe
ar

fu
l c

an
ce

r  
 

 
M

os
t f

ea
rf

ul
 ca

nc
er

 
        

        
        

ty
pe

 
M

en
’s 

W
om

en
’s 

p-
va

lu
ea)

  
M

en
’s 

 
W

om
en

’s 
 

p-
va

lu
e  

W
om

en
’s 

 
M

en
’s 

 
p-

va
lu

e  
W

om
en

’s 
 

M
en

’s 
 

p-
va

lu
e                      

 
re

sp
on

se
  

re
sp

on
se

  
 

re
sp

on
se

  
re

sp
on

se
  

 
re

sp
on

se
  

re
sp

on
se

  
 

re
sp

on
se

  
re

sp
on

se

St
om

ac
h 

 
1.

24
±1

.2
3 

 
0.

92
±1

.1
6 

 
< 

0.
00

1 
 

0.
45

±0
.9

7 
0.

37
±0

.8
3 

 
0.

16
0 

 
0.

97
±1

.1
6 

 
0.

94
±1

.1
4 

 
0.

74
3 

 
0.

83
±1

.1
5 

 
0.

93
±1

.1
5 

 
0.

18
5

Co
lo

n 
 

0.
46

±0
.9

3 
 

0.
36

±0
.8

3 
 

0.
08

4 
 

0.
82

±1
.0

8 
 

0.
80

±1
.0

7 
 

0.
76

0 
 

0.
24

±0
.6

9 
 

0.
13

±0
.5

3 
 

0.
00

5 
 

0.
53

±0
.9

7 
 

0.
42

±0
.8

9 
 

0.
04

5
Lu

ng
  

0.
21

±0
.6

7 
 

0.
26

±0
.7

1 
 

0.
24

5 
 

1.
43

±1
.2

7 
 

1.
41

±1
.2

6 
 

0.
87

7 
 

0.
16

±0
.5

9 
 

0.
14

±0
.5

4 
 

0.
72

4 
 

0.
82

±1
.1

4 
 

0.
54

±0
.9

9 
 

< 
0.

00
1

Li
ve

r  
0.

26
±0

.7
0 

 
0.

29
±0

.7
1 

 
0.

57
3 

 
1.

02
±1

.1
3 

 
0.

98
±1

.1
0 

 
0.

60
9 

 
0.

10
±0

.4
3 

 
0.

13
±0

.5
5 

 
0.

22
8 

 
0.

41
±0

.8
4 

 
0.

35
±0

.7
7 

 
0.

27
9

Th
yr

oi
d 

 
1.

32
±1

.2
5 

 
1.

09
±1

.2
4 

 
0.

00
4 

 
0.

07
±0

.3
9 

 
0.

05
±0

.3
8 

 
0.

36
7 

 
1.

98
±1

.1
7 

 
1.

45
±1

.3
1 

 
< 

0.
00

1 
 

0.
06

±0
.3

4 
 

0.
16

±0
.6

1 
 

0.
00

2
Pr

os
ta

te
  

1.
09

±1
.1

6 
 

1.
26

±1
.2

7 
 

0.
02

8 
 

0.
37

±0
.8

6 
 

0.
38

±0
.9

1 
 

0.
78

2 
 

-  
-  

-  
-  

-  
-

Bl
ad

de
r  

0.
46

±0
.8

7 
 

0.
51

±0
.9

4 
 

0.
40

5 
 

0.
05

±0
.3

0 
 

0.
07

±0
.4

2 
 

0.
33

6 
 

0.
34

±0
.7

6 
 

0.
36

±0
.7

8 
 

0.
70

4 
 

0.
05

±0
.3

4 
 

0.
08

±0
.3

9 
 

0.
22

8
Re

na
l  

0.
28

±0
.7

1 
 

0.
40

±0
.8

4 
 

0.
01

4 
 

0.
13

±0
.5

1 
 

0.
17

±0
.5

8 
 

0.
21

6 
 

0.
32

±0
.7

9 
 

0.
27

±0
.6

6 
 

0.
20

0 
 

0.
08

±0
.3

4 
 

0.
14

±0
.5

3 
 

0.
01

7
Pa

nc
re

at
ic

  
0.

10
±0

.4
3 

 
0.

18
±0

.6
1 

 
0.

01
1 

 
1.

04
±1

.1
7 

 
0.

94
±1

.1
8 

 
0.

17
0 

 
0.

08
±0

.3
7 

 
0.

06
±0

.3
3 

 
0.

36
6 

 
0.

83
±1

.1
7 

 
0.

57
±0

.9
4 

 
< 

0.
00

1
Bi

le
 d

uc
t a

nd
 g

al
lb

la
dd

er
  

0.
35

±0
.7

8 
 

0.
46

±0
.8

4 
 

0.
02

5 
 

0.
17

±0
.5

6 
 

0.
22

±0
.6

6 
 

0.
19

3 
 

0.
25

±0
.6

5 
 

0.
26

±0
.7

1 
 

0.
79

9 
 

0.
11

±0
.4

4 
 

0.
20

±0
.6

6 
 

0.
01

0
Le

uk
em

ia
  

0.
17

±0
.6

2 
 

0.
19

±0
.6

3 
 

0.
71

0 
 

0.
29

±0
.7

7 
 

0.
34

±0
.8

5 
 

0.
31

8 
 

0.
13

±0
.5

3 
 

0.
13

±0
.5

5 
 

0.
96

5 
 

0.
44

±0
.9

2 
 

0.
46

±0
.9

6 
 

0.
76

0
Br

ea
st

  
0.

03
±0

.2
4 

 
0.

05
±0

.3
2 

 
0.

21
4 

 
0.

20
±0

.2
2 

 
0.

44
±0

.3
4 

 
0.

18
6 

 
0.

57
±0

.9
4 

 
0.

85
±1

.1
3 

 
< 

0.
00

1 
 

0.
66

±1
.0

7 
 

0.
82

±1
.2

0 
 

0.
02

4
Ce

rv
ic

al
  

-  
-  

-  
-  

-  
-  

0.
52

±0
.9

3 
 

0.
81

±1
.1

2 
 

< 
0.

00
1 

 
0.

49
±0

.9
7 

 
0.

57
±1

.0
3 

 
0.

20
7

U
te

rin
e (

en
do

m
et

ria
l) 

 
-  

-  
-  

-  
-  

-  
0.

29
±0

.7
1 

 
0.

40
±0

.8
2 

 
0.

02
0 

 
0.

59
±1

.0
1 

 
0.

64
±1

.0
4 

 
0.

50
3

O
va

ria
n 

 
-  

-  
-  

-  
-  

-  
0.

13
±0

.4
9 

 
0.

26
±0

.6
9 

 
0.

00
1 

 
0.

44
±0

.9
1 

 
0.

63
±1

.0
5 

 
0.

00
2

Va
lu

es
 a

re
 p

re
se

nt
ed

 a
s m

ea
n±

st
an

da
rd

 d
ev

ia
tio

n.
 a)

St
ud

en
t’s

 t 
te

st
 w

as
 u

se
d.



998     CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2020;52(4):993-1001

cancer, pancreatic cancer, and cancer of bile duct and gall-
bladder less than men. No statistically significant difference 
was found in case of the most feared cancer. 

When the fear rank scores for the least fearful cancer in 
women were compared between responses of women and 
guesses by men, women feared colon cancer and thyroid 
cancer less than men’s guesses. When men assumed the per-
spective of women, men feared breast cancer, cervical can-
cer, uterine cancer, and ovarian cancer less than women. In 
case of the most fearful cancer, women feared colon cancer, 
lung cancer, and pancreatic cancer more than men’s guesses. 
When men assumed the perspective of women, men feared 
thyroid cancer, renal cancer, cancer of bile duct and gallblad-
der, breast cancer, and ovarian cancer more than women. 
Interestingly, in the case of breast and ovarian cancer, when 
asked about the least feared cancers, men rated those cancers 
less fearful than women, and men rated them more fearful 
than women when asked about the most feared cancer. 

The most feared side effect of cancer treatment was pain, 
and the top six of the most feared side effects were identical 
for men and women (pain, psychological problems, general 
weakness, digestive dysfunction, fatigue, and appearance 
change) (Table 4). Sexual dysfunction, urinary disorders, and 
lymphedema were more feared side effects in men than in 
women. On the other hand, sensory dysfunction and motor 
dysfunction were more feared side effects in women than in 
men. When comparing fear rank scores for those side effects, 
general weakness was feared more in females, and sexual 
dysfunction, urological dysfunction, and lymphedema were 
feared more in males (Table 5).

Discussion

In this study, we found that there was an optimistic view 
of stomach cancer in both men and women. We believe this 

Table 4.  Awareness of the most fearful side effects of cancer treatment among men and women

Side effect 
 Total  Men  Women  Rank difference

 (rank)  (rank)  (rank)  (men-women)

Pain  1  1  1  0
Fatigue  5  5  5  0
General weakness  3  3  3  0
Digestive dysfunction  4  4  4  0
Sexual dysfunction  9  8  11  –3
Psychological problems  2  2  2  0
Urological dysfunction  10  9  10  –1
Motor dysfunction  11  11  9  2
Sensory dysfunction  7  10  7  3
Appearance change  6  6  6  0
Lymphedema  8  7  8  –1
Infertility  12  12  12  0

Table 5.  Comparison of fear of side effects of cancer treatment between men and women

Side effect Men Women p-valuea)

Pain 2.07±1.20  2.10±1.14  0.703
Fatigue 0.49±0.90  0.57±0.99  0.169
General weakness 0.66±0.93  0.82±1.01  0.011
Digestive dysfunction 0.58±0.91  0.65±0.95  0.259
Sexual dysfunction  0.23±0.64  0.08±0.40  < 0.001
Psychological problems  0.83±1.08  0.85±1.07  0.776
Urological dysfunction  0.21±0.66  0.09±0.39  0.001
Motor dysfunction  0.10±0.44  0.09±0.42  0.780
Sensory dysfunction  0.16±0.53  0.19±0.62  0.500
Appearance change  0.41±0.82  0.44±0.86  0.525
Lymphedema  0.24±0.73  0.11±0.45  0.001
Infertility  0.01±0.16  0.02±0.17  0.842

Values are presented as mean±standard deviation. a)Student’s t test was used.
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is because early detection of stomach cancer has been highly 
emphasized in Korea with the message that the rate of cure is 
very high if detected early [25]. With a gastric cancer screen-
ing rate of only 61.6% in 2018 [26], this optimistic view of 
stomach cancer may not help increase the screening rate. On 
the other hand, the reason for having a relatively optimistic 
fear perception for cancer of the bile duct and gallbladder is 
thought to be because the cancer is not well known for its 
subsistence despite the very poor survival rate. Cancer of the 
bile duct and gallbladder is not so prevalent, which ranks 9th 
in incidence respectively in males and females [27]. 

If both men and women assume that they are the opposite 
sex, the fear of sex-specific cancer was relatively lower com-
pared to the actual responses of both men and women: pros-
tate cancer in men, breast cancer, cervical cancer, uterine can-
cer, and ovarian cancer in women. This difference in thinking 
between men and women can affect mutual understanding 
in health problems related to cancer occurring in opposite 
sex, and also affect the behavior of health professionals [28]. 

Contrary to reports that most men fear prostate cancer  
because of fear of losing their masculinity [29], this study did 
not show much fear of prostate cancer. As a reason for this, 
it is presumed that unlike the West, especially in the United 
States, where the incidence of prostate cancer is low, there 
is limited opportunity to observe the side effects associated 
with prostate cancer treatment, such as the loss of masculin-
ity. 

It is interesting that the top six of the most feared side  
effects of cancer treatment were identical for men and women 
(pain, psychological problems, general weakness, digestive 
dysfunction, fatigue, and appearance change). In one study 
using a convenience sample of patients recently diagnosed 
with cancer, the rankings of the most feared side effects of 
cancer were different in men and women [30]. For women, 
it was hair loss, vomiting, infection, nausea, weight loss, 
shortness of breath (co-5th place), and fatigue. On the other 
hand, for men it was vomiting, infection, fatigue, weight loss, 
hair loss, and shortness of breath (co-5th place), followed by 
nausea. Because the respondents of this study consisted of 
people who had no experience of cancer for themselves or 
their family members, it is understandable that the responses 
of this survey may differ from the patients and their fami-
lies. The fact that men fear more about urological and sexual 
dysfunction seems to have been rarely investigated in other 
studies, and further research is needed.

This study has the following strengths. Although it is not 
a large sample, it is a study conducted by a national survey 
by random probability allocation. In addition, by excluding 
cancer patients or families of cancer patients from the survey, 
experience-based responses could be eliminated as much as 
possible. It was difficult to find previous studies in which 
men and women responded assuming the perspective of the 
opposite sex as well as their own sex. This design allowed us 

to examine the idea of the opposite sex. However, the study 
has the following limitations. First of all, 1,460 respondents 
were contacted to enroll 1,000 respondents for this study, 
and the survey participation rate was 68.5%. Although this 
participation rate is not low, the probability that some bias 
was involved in the representativeness of this sample can-
not be excluded. In this study, when investigating the fear 
of cancer and side effects, a ranking score method was used 
to add up to the third place rather than just the frequency 
corresponding to the first place. In this case, even though 
statistical analysis can be diversified, and there are advan-
tages to more inclusive analysis of the items answered in the 
top-level rankings, the differentiation between ranks may 
be weakened. With various judgments among respondents, 
more than 10 choices seem to have contributed to a widen-
ing of response variance. However, because cancer can be 
viewed as a collection of diseases rather than a single disease, 
expansion of options was inevitable. If more diverse ques-
tionnaires are constructed and qualitative studies are added 
to these variations, a more precise survey could be available. 

Finally, since this study was conducted as a descriptive 
profiling study which summarized the differences in fear 
profiles between men and women, multivariate analysis was 
not used. Few studies have analyzed the fear of cancer types 
and side effects by sex to provide such cancer fear profile to 
health professionals. In this situation, we found it meaning-
ful to present the results of this study to meet these needs. 
However, it can be said that there are limitations as a study 
for examining sex-specific effects by excluding the effects of 
other variables. Despite these limitations, while there are few 
studies comparing fears of cancer and side effects of cancer 
treatment between men and women, there are very few stud-
ies comparing those fears between men and women on the 
assumption of opposite sex, and this study has contributed 
to the accumulation of research literature.

In addition to the characteristics of the health problems 
caused by various types of cancer and the side effects of vari-
ous types of cancer treatment, health care providers should 
provide care in response to the differences in these prob-
lems between men and women. Doctors can adequately and  
directly deal with the patient’s emotional distress by verbally 
expressing understanding, empathy, support, and justifica-
tion of emotion, which in turn leads to improvement in phys-
ical symptoms and the negative effects of insufficient social 
support [31]. The problem of communication in the medical 
field due to the difference in sex between health profession-
als such as doctors and patients due to changes in the sex 
ratio of medical service providers may also be an important 
issue in the future [32]. In order to prepare for this, it is neces-
sary to educate the sex difference in the curriculum of health 
care professionals such as medical schools and nursing col-
leges. This will require understanding not only the biological  
aspects of sex, but also psychological and sociological aspects  
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as well as training in communication skills.
In addition, family care givers, including spouses, will be 

able to provide more patient-friendly care if they communi-
cate with each other, paying attention to the fact that there is 
a difference in the thought processes about cancer between 
men and women. 

The least and the most feared cancers in men were thy-
roid and lung cancer, respectively. When men assumed the 
perspective of women, the least and the most feared cancers 
were thyroid and stomach cancer, respectively. The least and 
the most feared cancers in women were thyroid and stom-
ach cancer, respectively. When women assumed the pers-
pective of men, the least and the most feared cancers were 
prostate cancer and lung cancer, respectively. If both men 
and women assume that they are the opposite sex, the fear 
of sex-specific cancer was relatively lower compared to the 
actual responses of both men and women: prostate cancer in 
men, breast cancer, cervical cancer, uterine cancer and ovar-

ian cancer in women. The most feared side effect of cancer 
treatment was pain, and the top six of the most feared side  
effects were identical for men and women (pain, psycho-
logical problems, general weakness, digestive dysfunction,  
fatigue, and appearance change). The fact that men fear more 
about urological and sexual dysfunction seems to have been 
rarely investigated in other studies, and further research is 
needed. Our findings highlight the importance of under-
standing the differences between men and women’s atti-
tudes and risk perception towards cancer.

Electronic Supplementary Material
Supplementary materials are available at Cancer Research and 

Treatment website (https://www.e-crt.org).

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

1.  Mobbs D, Hagan CC, Dalgleish T, Silston B, Prevost C. The 
ecology of human fear: survival optimization and the nerv-
ous system. Front Neurosci. 2015;9:55.

2.  Ropeik D. The consequences of fear. EMBO Rep. 2004;5(Suppl 
1):S56-60.

3.  Aral SO, Douglas JM, Lipshutz JA. Behavioral interventions 
for prevention and control of sexually transmitted diseases. 
Boston, MA: Springer; 2007.

4.  Rogers RW. Cognitive and psychological processes in fear 
appeals and attitude change: a revised theory of protection 
motivation. In: Cacioppo JT, Petty RE, editors. Social psycho-
physiology: a sourcebook. New York: The Guilford Press; 
1983. p. 153-76.

5.  Consedine NS, Magai C, Krivoshekova YS, Ryzewicz L, Neu-
gut AI. Fear, anxiety, worry, and breast cancer screening  
behavior: a critical review. Cancer Epidemiol Biomarkers 
Prev. 2004;13:501-10.

6.  Ferrer R, Klein WM. Risk perceptions and health behavior. 
Curr Opin Psychol. 2015;5:85-9.

7.  Hong WK, Bas RC Jr, Hait WN, Kufe DW, Pollock RE. Holland-
Frei cancer medicine 8th ed. Shelton, CT: People’s Medical 
Publishing House-USA; 2010.

8.  Polanski J, Jankowska-Polanska B, Rosinczuk J, Chabowski 
M, Szymanska-Chabowska A. Quality of life of patients with 
lung cancer. Onco Targets Ther. 2016;9:1023-8.

9.  Schulman-Green D, Ercolano E, Dowd M, Schwartz P,  
McCorkle R. Quality of life among women after surgery for 
ovarian cancer. Palliat Support Care. 2008;6:239-47.

10.  Committee on Psychosocial Services to Cancer Patients/
Families in a Community Setting; Adler NE, Page AE. Cancer 
care for the whole patient: meeting psychosocial health needs. 
Washington, DC: National Academies Press; 2008.

11.  Benz EJ Jr. The Jeremiah Metzger lecture cancer in the twenty-

first century: an inside view from an outsider. Trans Am Clin 
Climatol Assoc. 2017;128:275-97.

12.  Hernandez LM, Blazer DG, Committee on Assessing Inter-
actions among Social, Behavioral, and Genetic Factors in 
Health. Genes, behavior, and the social environment: moving 
beyond the nature/nurture debate. Washington, DC: Nation-
al Acade-mies Press; 2006.

13.  Committee on Understanding the Biology of Sex and Gen-
der Differences, Pardue ML, Wizemann TM. Exploring the 
biological contributions to human health: does sex matter? 
Washington, DC: National Academies Press; 2001.

14.  Li QP, Mak YW, Loke AY. Spouses’ experience of caregiving 
for cancer patients: a literature review. Int Nurs Rev. 2013;60: 
178-87.

15.  Ketcher D, Trettevik R, Vadaparampil ST, Heyman RE, Elling-
ton L, Reblin M. Caring for a spouse with advanced cancer: 
similarities and differences for male and female caregivers. J 
Behav Med. 2020;43:817-28. 

16.  Hugman B. Perspectives on risk communication and gender 
issues. In: Harrison-Woolrych M, editor. Medicines for wom-
en. Cham: Adis; 2015. p. 531-83.

17.  de Jonge ET, Vlasselaer J, Van de Putte G, Schobbens JC. The 
construct of breast cancer risk perception: need for a better 
risk communication? Facts Views Vis Obgyn. 2009;1:122-9.

18.  Kim SE, Perez-Stable EJ, Wong S, Gregorich S, Sawaya GF, 
Walsh JM, et al. Association between cancer risk perception 
and screening behavior among diverse women. Arch Intern 
Med. 2008;168:728-34.

19.  Vernon SW. Risk perception and risk communication for can-
cer screening behaviors: a review. J Natl Cancer Inst Monogr. 
1999;1999:101-19.

20.  Pellmar TC, Brandt EN Jr, Baird MA. Health and behavior: the 
interplay of biological, behavioral, and social influences: sum-

References



VOLUME 52 NUMBER 4 OCTOBER 2020     1001

Keeho Park, Cancer Fear between Men and Women

mary of an Institute of Medicine report. Am J Health Promot. 
2002;16:206-19.

21.  Fawcett TN, McQueen A. Perspectives on cancer care. Chich-
ester: Wiley-Blackwell; 2010.

22.  Committee on the Learning Health Care System in America, 
Smith M, Saunders R, Stuckhardt L, McGinnis JM. Best care 
at lower cost: the path to continuously learning health care in 
America. Washington, DC: National Academies Press; 2013.

23.  McQueen A, Vernon SW, Meissner HI, Rakowski W. Risk per-
ceptions and worry about cancer: does gender make a differ-
ence? J Health Commun. 2008;13:56-79.

24.  Shiloh S, Wade CH, Roberts JS, Alford SH, Biesecker BB. Asso-
ciations between risk perceptions and worry about common 
diseases: a between- and within-subjects examination. Psy-
chol Health. 2013;28:434-49.

25.  Lee SY, Lee EE. Cancer screening in Koreans: a focus group 
approach. BMC Public Health. 2018;18:254.

26.  National Health Insurance Service. 2018 National health 
screening statistics yearbook. Wonju: National Health Insur-

ance Service; 2019.
27.  Jung KW, Won YJ, Kong HJ, Lee ES. Prediction of cancer inci-

dence and mortality in Korea, 2019. Cancer Res Treat. 2019;51: 
431-7.

28.  Celik H, Lagro-Janssen TA, Widdershoven GG, Abma TA. 
Bringing gender sensitivity into healthcare practice: a system-
atic review. Patient Educ Couns. 2011;84:143-9.

29.  Kedrowski KM, Sarow MS. Cancer activism: gender, media, 
and public policy. Chicago, IL: University of Illinois Press; 
2007.

30.  Passik SD, Kirsh KL, Rosenfeld B, McDonald MV, Theobald 
DE. The changeable nature of patients’ fears regarding chem-
otherapy: implications for palliative care. J Pain Symptom 
Manage. 2001;21:113-20.

31.  Epstein RM, Street RL Jr. Patient-centered communication 
in cancer care: promoting healing and reducing suffering. 
Bethesda, MD: National Institutes of Health; 2007.

32.  van den Brink-Muinen A. The role of gender in healthcare 
communication. Patient Educ Couns. 2002;48:199-200.



Original Article

Cancer Res Treat. 2020;52(4):1002-1009 https://doi.org/10.4143/crt.2020.190

pISSN 1598-2998, eISSN 2005-9256

Purpose
This study aimed to investigate the prevalence and risk factors of burnout and occupational 
stress among medical oncologists in Korea. 

Materials and Methods
A survey was conducted of medical oncologists who were members of Korean Society 
for Medical Oncology (KSMO) using the Korean Occupational Stress Scale, the validated  
Maslach Burnout Inventory (MBI) and supplemental questions about work and lifestyle fac-
tors. 

Results
Among 220 active KSMO members, 111 responses were collected. The median age was 
42 years (range, 32 to 63 years). Two-thirds of responders worked 6 days per week and half 
of them worked a total of 60-80 hours per week. Each medical oncologist treated a median 
of 90-120 patients per week in outpatient clinics and 20-30 patients per week in patient 
practices. MBI subscales indicated a high level of emotional exhaustion in 74%, a high level 
of depersonalization in 86%, and a low level of personal accomplishment in 65%: 68% had 
professional burnout according to high emotional exhaustion and high depersonalization 
scores. The risk of burnout was higher for medical oncologists aged from 30-39 than 40-49 
years, and unmarried than married. Considering personal accomplishment, females had a 
higher risk of burnout. The median score of occupational stress was 63 (range, 43 to 88). 
Having night-duty call was the strongest risk factor on more stress. A higher stress score 
was associated with a higher prevalence of burnout. 

Conclusion
Burnout and occupational stress are quite common amongst Korean medical oncologists. 
Achieving a healthy work-life balance, ensuring balanced workload distribution, and engag-
ing in proper stress relief solutions are necessary. 

Key words
Burnout, Occupational stress, Medical oncologists
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Open Access

Introduction

A career in medical oncology is exceedingly rewarding. 
Fast-moving advances in research and therapeutics, intrigu-
ing dynamics in practice environments, and opportunities to 
provide critical support to patients are professionally appeal-
ing and satisfying [1]. Still, all of these characteristics place 

medical oncologists at high risk for stress. Therefore, medical 
oncologists have been the focus of concerns regarding stress.

Burnout is a psychosocial syndrome that involves prolon-
ged response to chronic emotional and interpersonal stressors 
on the job [2]. Burnout is characterized by emotional exhaus-
tion (EE), feelings of depersonalization (DP), and reduced 
personal accomplishment (PA) [2]. Physicians commonly suf-
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fer from distress due to burnout, with studies suggesting a 
prevalence of 32% among medical oncologists [3]. High mor-
tality rates among patients with advanced cancer, increas-
ing numbers of cancer patients, as well as changing practice  
migrating to more comprehensive care management solu-
tions can trigger burnout in medical oncologists [4]. 

Since such stress and burnout can cause negative conse-
quences related to professional satisfaction and personal life, 
as well as quality of patient care, this issue deserves attention 
[5]. Burnout and occupational stress have been extensively 
studied among oncologists in the United States and Europe 
[6,7]. However, little is known about the situation among  
Korean medical oncologists. Therefore, we conducted a nation- 
wide survey to investigate the prevalence of professional 
burnout and occupational stress among Korean medical  
oncologists. Then we identified work and lifestyle factors that 
affect burnout and occupational stress.

 

Materials and Methods

1. Participants
Between May 2018 and June 2018, a cross-sectional, web-

based survey of 220 medical oncologists who were active in 
the field was conducted through the Korean Society for Med-
ical Oncology (KSMO). All responders were invited via an 
e-mail that included a link to the survey and fully informed 
of the overall purpose of our survey prior to participation. 
SurveyMonkey (https://ko.surveymonkey.com) was used to 
build the web-based online survey. All authors as the com-
mittee members of the KSMO Insurance and Policy Commit-
tee supervised the entire investigation, ensured the reliability 
of the data and analyzed the results.

2. Study measures  
The survey consisted of three parts with a total of 73 ques-

tions: personal and professional characteristics (27 ques-
tions), occupational stress (24 questions), and burnout (22 
questions). The initial 26 questions consisted of two ques-
tions regarding demographics, 12 regarding occupational 
environment, and 13 regarding a pattern of living. Among 
13 questions for lifestyle, the respondents were asked to rate 
their job satisfaction on a scale of 100 and asked if they were 
balanced in their work and life. 

Occupational stress was assessed by the Korean Occupa-
tional Stress Scale (KOSS) [8]. Job stress should be investigat-
ed in the local and cultural context of each worker, and KOSS 
is a validated self-reported questionnaire that examines job 
stress and reflects the organizational culture of Korea. The 
KOSS short-form (KOSS-SF), which was used in this study, 
is an abbreviated survey designed to be used at work place 
settings [9]. It consists of seven subscales (24 items total): job 
demand (4 items), insufficient job control (4 items), interper-

sonal conflict (3 items), job insecurity (2 items), occupational 
system (4 items), lack of reward (3 items), and organizational 
climate (4 items). 

Burnout was estimated using the validated Maslach Burn-
out Inventory–Human Service Survey (MBI-HSS) [10]. The 
MBI-HSS consists of 22 questions to evaluate three domains 
of burnout: EE (9 questions), feelings of DP (5 questions), 
and reduced PA (8 questions). Each question was scored on 
a 7-point frequency rating from ‘0’ (never) to ‘6’ (every day). 
The sum of raw scores was assessed for the presence of burn-
out: a score of 27 or higher on the EE subscale, 10 or higher 
on the DP subscale, or lower than 33 on the PA subscale was 
considered to indicate a high level of burnout [2,11]. In this 
study, MBI-HSS which was translated into Korean and vali-
dated for university hospital workers in Korea was used. The 
cutoff values in three domains in burnout were also verified 
[12]. To define burnout in a conventional approach, medical 
oncologists with high DP and EE, and low PA subscale scores 
were considered to have professional burnout [13]. The next 
predominant definition of burnout (high DP and EE) was 
also used. 

3. Statistical analysis  
The questionnaires completed by June 2018 were included 

for further analyses. To compare the characteristics of the 
study participants between the groups, we used independ-
ent t tests for continuous variables and Fisher exact tests or 
chi-square tests for categorical variables. To analyze the risk 
factors for professional burnout, multivariate logistic regres-
sion analyses were performed. To analyze the relationship 
between risk factor and occupational stress, linear regression 
analyses were performed. All statistical analyses were per-
formed by STATA ver. 13.0 software (StataCorp LP, College 
Station, TX). 

4. Ethical statement
This study complied with the Declaration of Helsinki 

and was conducted under Institutional Review Board (IRB)  
approval at the Veterans Health Service Medical Center (IRB 
No. 2108-04-033). Participation in this survey was regarded 
as agreeing to the study, so written informed or verbal con-
sent requirements from respondents were waived. All data 
were de-identified.

Results

1. Personal and professional characteristics
An e-mail invitation was sent to 220 active medical oncolo-

gists and 175 responses (80%) were received. There were 64 
incomplete questionnaires, and complete responses from 111 
participant (51%) were included in the final analysis. 

Personal and professional characteristics of participants 
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are summarized in Table 1. Men were 56% of participants. A 
median age of participants was 42 years old. Of the respond-
ers, 83% were married and 58% practiced a religion. As for 
drinking habits, 34% of participants reported they rarely 
drink (less than one drink a month), 50% reported that they 
drink sometimes (two-four drinks a month), the others (14%) 
reported they drink frequently (more than two-three drinks 
a week). As for exercise habits, approximately 44% of partici-
pants responded that they never exercise at all and only 2% 
responded that they exercise every day.

Most participants were working in tertiary care hospitals 
(61%) and general hospitals (33%). The median number of 
accompanying faculty in medical oncology was five persons. 
Roughly one-third of participants (32%) were working in  
institutions with in-house hospitalists. Only 11% of par-
ticipants were in a single-organ specialty practice, and the 
others served in multi-organ specialty practice. Participants 

Table 1.  Personal and professional characteristics of participat-
ing medical oncologists (n=111) 

Characteristic No. (%)

Sex
    Male 62 (55.8)
    Female 49 (44.1)
Age (yr) 
    Median (range) 42 (32-63)
    ≤ 39  38 (34.2)
    40-49 58 (52.2)
    ≥ 50 15 (13.5)
Relationship status 
    Married 92 (82.9)
    Single 19 (17.1)
Religious: yes vs. no 
    Yes 64 (57.7)
    No 47 (42.3)
Drinking habit 
    ≤ 1 drink per month 40 (36.0)
    2-4 drinks per month 55 (49.5)
    ≥ 2-3 drinks per week 16 (14.4)
Exercise per week 
    Never 49 (44.1)
    1-2 days 43 (38.7)
    3-5 days 17 (15.3)
    Every day 2 (1.8)
Type of hospital 
    Superior general hospital 68 (61.3)
    General hospital 37 (33.3)
    Public hospital 6 (5.4)
Faculties in medical oncology, number 
    Median (range) 5 (1-16)
In-house hospitalists (yes) 36 (32.4)
Daytime primary on-call (yes) 30 (27.0)
Nights on-call (yes) 16 (14.4)
Saturday duty (yes) 73 (65.8)
    For outpatient clinic 12 (10.8)
    For inpatient rounding 45 (40.5)
    For outpatient and inpatient 16 (14.4)
Work hours per week (includes patient care, 
  administrative work, research, and teaching) 
    < 40   1 (0.9)
    40-60   35 (31.5)
    60-80  45 (40.5)
    80-100  18 (16.2)
    > 100  12 (10.8)
Outpatients seen in clinic every week 
    30-60 20 (18.0)
    60-90 26 (23.4)
    90-120 25 (22.5)
    120-150 16 (14.4)
    > 150 24 (21.6)
(Continued)

Table 1.  Continued

Characteristic No. (%)

Inpatients seen in hospital every week
    < 10 11 (9.9)
    10-20 53 (47.7)
    20-30 26 (23.4)
    > 30 21 (18.9)
Overall job satisfaction (0-100 scale) 
    Mean±SD 54.8±21.8
    Median (range) 50 (0-100)

Table 2.  Prevalence of burnout and occupational stress among 
medical oncologists (n=111)

Characteristic Score

Burnout indices
    Emotional exhaustion (EE) 
        Mean±SD 33.3±9.7
        Median (range) 34 (8-54)
        High degree of burnout, sum ≥ 27, n (%) 82 (73.9)
    Depersonalization (DP)
        Mean±SD 15.2±5.9
        Median (range) 14 (0-27)
        High degree of burnout, sum ≥ 10, n (%)  96 (86.5)
    Personal accomplishment (PA)
        Mean±SD 31.3±5.4
        Median (range) 30 (19-42)
        High degree of burnout, sum ≤ 33, n (%) 72 (64.9)
Overall professional burnout, n (%)
    High EE and DP scores 76 (68.4)
    High EE and DP, and low PA 54 (48.6)
Occupational stress
    Mean±SD 61.7±7.8
    Median (range) 63 (43-88)
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treated a median of three types of cancer. About one-quarter 
of participants had daytime primary call, and 14.0% received 
night emergency calls instead of residents. Two-thirds of par-
ticipants responded that they work 6 days a week, includ-
ing Saturday. Participants spent an average of 60 to 80 hours 
each week devoted to professional activities, including pati-
ent care, administrative work, research, and teaching. On  
average, participants cared for 90 to 120 patients in the out-
patient setting each week and 20 to 30 patients in the inpa-
tient setting. The mean overall job satisfaction score was 54.8.

2. Prevalence of burnout, and its relationship with occupa-
tional stress and job satisfaction

The prevalence of burnout and occupational stress among 
participating medical oncologists is presented in Table 2. In 
all, 74% of participants experienced a high degree of EE, 87% 
experienced a high level of DP, and 65% had a low sense of 
PA. In aggregate, 76 (68%) medical oncologists had profes-
sional burnout according to high EE and high DP scores.  On 
a more conservative basis (high EE and high DP, and low 
PA), about half (49%) of medical oncologists were found to 
have burnout. 

The mean occupational stress score was 61.7 (range 43 to 
88). We investigated the relationship between professional 
burnout and occupational stress, and job satisfaction (Table 
3). The participants with burnout showed a higher occupa-
tional stress score than those without burnout (p < 0.001). 
The participants with burnout showed a lower job satisfac-
tion score than those without burnout (p < 0.001). Only 27% 
of medical oncologists reported that they maintained work-
life balance well.  

Predictors that were significantly associated with burnout 
or occupational stress on multivariate analysis are listed in 
Tables 4 and 5. The risk of burnout was higher for medical 
oncologists aged from 30 to 39 years than those aged 40 to 49 
years. Unmarried persons had a higher risk of burnout than 
married persons. After consideration of PA score, females 
had a higher risk of burnout than males.

For risk factors on occupational stress, there was a strong 

relationship between having night-duty call and high occu-
pational stress score (p=0.001). 

In this survey, multiple answer choices were accepted for 
the question related to causes of stress. In all, 78% of partici-
pants stated that the biggest cause of burnout or occupational 
stress was the enforcement of the Act for the Improvement of 
Training Conditions and Status of Medical Residents, which 
limits maximum weekly hours of work for residents to 80. 
Other major causes of burnout or occupational stress includ-
ed a lack of residents in the department of internal medicine 
(52%), increased administrative and clinical workloads requi- 
red by the Life-Sustaining Treatment Decision-Making Act 
(44%), and responsibilities of daytime primary call (23%).

Discussion

The phenomenon of burnout is caused by frequent expo-
sure to chronic occupational stress and is characterized by a 
3-dimensional syndrome comprised of EE, DP (also known 
as cynicism), and reduced PA [12]. Physician’s burnout is 
particularly dangerous and should be avoided, since it can 
increase medical errors and reduce quality of care for pati-
ents [13-15]. The nature of practicing oncology is changing. 
An increment of workload by expansion in patient volume, 
burdensomeness of administrative tasks, and complexity of 
innovative oncology place medical oncologists at increasing 
risk of stress and subsequent burnout [16]. Burnout can be 
overcome by investigating work environments and identify-
ing underlying problems [17]. 

In line with these environments, we conducted the first 
large-scale nationwide study of Korean medical oncologists 
using standardized instruments to evaluate burnout and occu- 
pational stress. Overall, 68% of Korean medical oncologists 
were burned out according to the high EE and DP domains 
at the time of the survey, which was higher than the 44.7% of 
U.S. oncologists and the 51% of Chinese oncologists report-
ed in previous studies [18,19]. Our result was similar to the 
71% burnout rate reported by study in European countries 

Table 3.  The relationship between professional burnout, occupational stress, and job satisfaction

Burnout
                             Occupational stress                              Job satisfaction

 Score p-valuea) Score p-valuea)

High EE and DP scores
    No burnout 56.9±7.4 < 0.001 66.3±2.1 < 0.001
    Burnout 63.9±6.9  49.5±2.0
High EE and DP, and low PA 
    No burnout 59.0±7.3 < 0.001 63.9±2.0 < 0.001
    Burnout 64.5±7.2  45.2±1.9
Values are presented as mean±standard deviation. EE, emotional exhaustion; DP, depersonalization; PA, personal accomplishment.  
a)p-value was derived from independent t test to compare mean values between two groups.
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that focused on young (≤ 40 years old) oncologists. Among 
personal characteristics, younger age (30-39 years vs. 40-49 
years), being unmarried, and working night duty were inde-
pendently associated with a high risk of professional burn-
out. Younger age, as well as being early in their careers, are 
well-known demographic risk factors for burnout of physi-
cians in many medical departments [17]. In general, young 

people often take on a variety of administrative tasks in addi-
tion to clinical workloads. Additionally, physicians who are 
in early career stages must spend time not only on patient 
care but also on research and education. 

Interestingly, when we consider more conservative defini-
tion of burnout including low PA (high EE and DP, and low 
PA), female gender was significantly associated with a high 

Table 4.  Multivariate analysis for burnout related to personal and professional factors

                  Odds ratio (p-value)

Characteristic         Burnout (high EE and DP)                      Burnout (high EE and DP, and low PA)

 Univariate p-value Multivariate p-value Univariate p-value Multivariate p-value

Sex
    Male 1  -  1  1 
    Female 2.63 0.027 - - 2.92 0.007 2.87 0.011
Age group (yr)         
    ≤ 39  1  1  1  1 
    40-49 0.38 0.069 0.20 0.012 0.54 0.154 0.13 0.012
    ≥ 50 0.09 0.001 - - 0.09 0.004 - - 
Relationship status         
    Single 1  1  1  - 
    Married 0.09 0.025 0.10 0.030 0.37 0.064 - -
Religion         
    No 1  -  1  -
    Yes 0.61 0.246 - - 0.85 0.663 - -
Drinking habit         
    ≤ 1 per month 1  -  1  - 
    2-4 per month 1.13 0.784 - - 1.16 0.724 - -
    ≥ 2-3 per week 1.56 0.506 - - 1.16 0.804 - -
Exercise 
    Never 1  -  1  - 
    1-2 days per week 1.02 0.969 - - 0.55 0.152 - -
    3-7 days per week 0.76 0.623 - - 0.32 0.046 - -
Type of hospital         
    Superior general 1  -  1  - 
    General 0.57 0.190 - - 0.81 0.604 - -
    Public  1.94 0.557 - - 5.30 0.137 - -
Daytime on-call         
    No 1  -  1  - 
    Yes 1.74 0.261 - - 1.08 0.862 - -
Nights on-call         
    No 1  1  1  - 
    Yes 8.36 0.044 8.46 0.049 1.43 0.512 - -
Saturday duty         
    No 1  -  1  -
    Yes 1.21 0.661 - - 1.49 0.321 - -
Work hours per week         
    < 60  1  -  1  - 
    60-80   1.76 0.232 - - 0.875 0.765 - -
    80-100  1.43 0.555 - - 1 > 0.99 - -
    > 100  7.86 0.060 - - 1 > 0.99 - -
EE, emotional exhaustion; DP, depersonalization; PA, personal accomplishment.
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risk of burnout. Analysis that female gender was a risk fac-
tor of burnout has been reported in previous studies [20-22]. 
Rath et al. [21] reported a large study on burnout for gyneco-
logic oncologists that female gender was also identified as 
risk factor for burnout. In another study for surgeons, more 
women than men surgeons had burnout and depressive 
symptoms [22]. In that study, work-home conflicts account-
ed for a major contributor to surgeon burnout, especially to 

female surgeon. Although we did not measure work-home 
conflicts in our survey, our results could be interpreted that 
women medical oncologists are under more pressure in 
terms of personal achievement probably from work-home 
conflicts. 

Yeob et al. [20] conducted a similar nationwide survey  
recruiting a total of 130 medical, surgical, and radiation onco-
logists from 13 cancer centers in Korea. That study found that 

Table 5.  Multivariate analysis for occupational stress related to personal and professional factors

                                 Occupational stress

Characteristic                               Univariate                               Multivariate

 Coefficient p-value Coefficient p-value

Sex
    Male 1  - 
    Female 2.44  0.099 - -
Age group (yr)     
    ≤ 39  1  - 
    40-49 –1.48  0.161 - -
    ≥ 50 –3.68  0.122 - -
Relationship status     
    Single 1  - 
    Married –2.11  0.283 - -
Religion     
    No 1  - 
    Yes –2.11  0.157 - -
Drinking habit     
    ≤ 1 per month 1  - 
    2-4 per month –1.25  0.438 - -
    ≥ 2-3 per week –3.11  0.177 - -
Exercise     
    Never 1  - 
    1-2 days per week –0.22  0.894 - -
    3-7 days per week –2.00  0.345 - -
Type of hospital     
    Superior general 1  - 
    General –2.37  0.136 - -
    Public  2.33  0.480 - -
Daytime on-call     
    No 1  - 
    Yes 2.32  0.163 - -
Nights on-call     
    No 1  1 
    Yes 6.44  0.002 6.44 0.001
Saturday duty     
    No 1  - 
    Yes 0.23  0.884 - -
Work hours per week     
    < 60  1  - 
    60-80  –1.72  0.318 - -
    80-100  0.75  0.735 - -
    > 100  4.11  0.110 - -
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female gender and long working hours were associated with 
increased risks of burnout, which was consistent finding of 
our study. To evaluate burnout, unlike our study, they used 
Professional Quality of Life scale, which was developed to 
measure the quality of life of health care professionals [23]. 
Although burnout is a domain of the Professional Quality of 
Life Scale described above, MBI-HSS is appreciated a more 
reliable and valid measure of burnout [24].

One of the biggest reasons for burnout or occupational 
stress reported in our survey—chosen by 78% of partici-
pants—was the enforcement of the Act for the Improvement 
of Training Conditions and Status of Medical Residents, 
which limits residents to a maximum of 80 work hours per 
week. Although the working time of residents has been sub-
stantially reduced due to the enactment of the law, many 
hospitals were not equipped with alternative personnel such 
as a hospitalist (only 32% of participants were working with 
in-house hospitalists). It caused a significant increase in fac-
ulty’s workload.  

Our study showed that medical oncologists who felt burn-
out had a high level of occupational stress and a low level of 
job satisfaction (Table 3). According to a recent global survey 
of job satisfaction among medical oncologists [25], younger 
age and fewer years in clinical practice were associated with 
low job satisfaction. Interestingly, that study showed that 
medical oncologists with low job satisfaction tended to have 
fewer conversations with patients about disease prognosis, 
suggesting that low job satisfaction is also associated with 
low quality of patient care. In other words, burnout, low job 
satisfaction, and low quality of patient care correlate with 
each other, and one may be the cause and/or effect of the 
other.

There have been many reports of interventions to decrease  
physician burnout. Interventions that focus on individual 
physicians include intensive face-to-face workshops [26], 
communication skills training [27], stress management skills 
training [28], and mindfulness-based stress reduction pro-
grams [5]. Such interventions have been reported to help  
relieve stress, but these programs are not readily applica-
ble or available to each oncologist. Even without formal 
programs, one of the easiest things is exercise. In our study, 
only half of the participants exercised. Exercise is known 
to have the potential to be effective for burnout preven-
tion, so even in harsh clinical works, it is recommended  
to encourage medical oncologists to engage in regular exer- 
cise programs [29]. One study suggested the idea that  
enhancing professionalism can lower burnout [30]. Profes- 
sionalism is often used to describe behavioral and value 
standards of performance that any professional is expected 
to achieve in their work, and knowledge that profession-
als need to perform their job efficiently. It is necessary to 
improve professionalism by reinforcement of expertise and  
applied rewards. 

Still, one report suggested that organizational or system-
level interventions are much more effective for controlling 
burnout than individual efforts [31]. Organization-directed 
strategies are mostly related to changes in work shift sched-
ules, but oncologist-specific system-level methods have not 
been studied [31]. Therefore, the system-level strategies for 
management of Korean medical oncologists are warranted 
[32]. 

Our study has some limitations. First, there is considerable 
variation across studies regarding cutoff scores for burnout 
among healthcare professionals [33]. According to Maslach 
guidelines, more conservative definitions (the combination 
of high EE, high DP, and low PA) have been widely used 
[2,33]. However, this definition risks underestimating the 
burnout rate. In our study, we followed the recent consen-
sus that defined burnout as high EE and high DP [11,18,34]. 
Based on our further analyses (Tables 3 and 4), the difference 
between the two definitions did not show a significant differ-
ence in the results except for prevalence. Second, our study 
participants were younger than those in previous surveys. 
Additionally, only 51% of potential participants (active medi-
cal oncologists) responded to this survey. These factors may 
have resulted in selection and response bias. However, our 
study is the first large-scale national study only for Korean 
medical oncologists registered to a major association (i.e., 
KSMO). Therefore, the results of our study are representa-
tive of a major population of medical oncology professionals 
in Korea. Third, our survey did not recruit other experts from 
different disciplines such as surgical and radiation oncolo-
gists. Because multidisciplinary team approach is essential 
in the management of advanced cancer, a follow-up study 
including all key professionals is warranted to make this 
burnout study more practical.

A considerable number of medical oncologists in Korea 
are burning out with a high level of occupational stress and 
lower job satisfaction. In order to provide the high quality 
of cancer care to cancer patients, further efforts should be 
conducted to find out the way to relieve the burnout and  
occupational stress of Korean medical oncologists from point 
of view of system-level management plan as well as indi-
vidual effort.
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Purpose
Central lymph node metastasis (CNM) are highly prevalent but hard to detect preopera-
tively in papillary thyroid carcinoma (PTC) patients, while the significance of prophylactic 
compartment central lymph node dissection (CLND) remains controversial as a treatment 
option. We aim to establish a nomogram assessing risks of CNM in PTC patients, and  
explore whether prophylactic CLND should be recommended. 

Materials and Methods
One thousand four hundred thirty-eight patients from two clinical centers that underwent 
thyroidectomy with CLND for PTC within the period 2016-2019 were retrospectively ana-
lyzed. Univariate and multivariate analysis were performed to examine risk factors associ-
ated with CNM. A nomogram for predicting CNM was established, thereafter internally and 
externally validated.    

Results
Seven variables were found to be significantly associated with CNM and were used to con-
struct the model. These were as follows: thyroid capsular invasion, multifocality, creatinine 
> 70 μmol/L, age < 40, tumor size > 1 cm, body mass index < 22, and carcinoembryonic 
antigen > 1 ng/mL. The nomogram had good discrimination with a concordance index of 
0.854 (95% confidence interval [CI], 0.843 to 0.867), supported by an external validation 
point estimate of 0.825 (95% CI, 0.793 to 0.857). A decision curve analysis was made to 
evaluate nomogram and ultrasonography for predicting CNM. 

Conclusion
A validated nomogram utilizing readily available preoperative variables was developed to 
predict the probability of central lymph node metastases in patients presenting with PTC. 
This nomogram may help surgeons make appropriate surgical decisions in the manage-
ment of PTC, especially in terms of whether prophylactic CLND is warranted.

Key words
Nomograms, Central lymph node metastasis, Papillary thyroid cancer, Risk factors

Nomogram for Predicting Central Lymph Node Metastasis in Papillary 
Thyroid Cancer: A Retrospective Cohort Study of Two Clinical Centers
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Introduction

More than 90% of all thyroid carcinoma are differentiated 
thyroid cancer (DTC) [1]. Papillary thyroid carcinoma (PTC), 
a lymphotropic tumor that tends to metastasize to cervical 
lymph nodes, is the most common type of DTC. Among these 
lymph nodes, the central neck compartment has the highest 

risk of metastasis [2]. Although detection techniques such as 
high-resolution ultrasonography (US) and US-guided fine-
needle aspiration (FNA) biopsy greatly improve diagnosis 
of PTC [3], the sensitivity of US in assessing deep anatomi-
cal spaces of the central neck compartment is low [4]. Thus, 
a considerable number of PTC patients were found to have 
level VI metastatic lymph nodes when already under sur-
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gery or histopathological examinations [5]. In our research, 
the rate of central lymph node (level VI) metastasis (CNM) 
whose preoperative examinations showed no lymph nodes 
metastasis was as high as 36.1% (601/1,663).

Thyroidectomy with central compartment lymph node dis-
section (CLND) is recommended for PTC patients with CNM. 
Yet, due to poor reliability of preoperative examinations, pro-
phylactic CLND is not routinely recommended in clinical or 
radiological node-negative PTC patients, as per American 
Thyroid Association guidelines. Thus, a tool that helps to 
quantify the risk of nodal metastasis may facilitate preopera-
tive decision-making [6]. 

With this objective in mind, our retrospective analysis from 
two centers was designed using nomogram as the evalua-
tion system, for it excels in user-friendliness and convenience  
in formulating personalized treatments for a variety of 
cancers [7,8]. In this study, we covered several factors that 
could help predict CNM in PTC patients that were absent  
in the other studies, such as body mass index (BMI), car- 
cinoembryonic antigen (CEA), and creatinine (Cr). Our com-
prehensive nomogram may aid clinicians in selecting the 
most appropriate operative strategies to achieve optimal out-
come.

 

Materials and Methods

1. Patient recruitment
Patients who underwent the first-time thyroidectomy to 

treat thyroid carcinoma at Department of General Surgery, 
Ruijin Hospital, Shanghai Jiao Tong University School of 
Medicine (Shanghai, China), and Department of Otorhino-
laryngology, Head and Neck Surgery, at the Eye, Ear, Nose, 
and Throat (EENT) Hospital of Fudan University (Shanghai, 
China) from June 2016 to June 2019 were studied. A total of 
1,731 patients were enrolled (1,294 patients from Ruijin Hos-
pital and 437 from EENT Hospital). The exclusion criteria 
were as follows: (1) no histologically proven PTC (n=81), (2) 
no lymph nodes removed (n=68) and had inadequate preop-
erative blood test report (n=95), (3) pathologically confirmed 
skip metastasis (n=43), and (4) history or coexistence of other 
head and neck cancer (n=6). After exclusion, 1,438 patients 
that had pathological PTC, and received thyroidectomy 
along with CLND were studied. Among the 1,438 recruits, 
1,252 patients (December 2016-May 2019) from both clini-
cal centers were used to make the original model, while 186 
patients (June 2019-October 2019) from Ruijin Hospital only 
were used for external validation. 

2. Preoperative examination, surgical strategy, and patho-
logical examination

Preoperative examination including serum index, FNA, 
and US were performed at Shanghai Ruijin Hospital or 

Shanghai EENT Hospital. Preoperative US included the fol-
lowing features: type of the surrounding thyroid tissues (nor-
mal, Hashimoto thyroiditis, or nodular goiter), tumor size 
(longest length of the largest lesion), multifocality (more than 
one nodule scoring higher than Thyroid Imaging Reporting 
and Data System (TI-RADS) 4A in unilateral thyroid lobe), 
thyroid capsular invasion (TCI) and suspicious lymph node  
detected (central lymph node or lateral lymph node).

According to 2010 TNM staging system of the American 
Joint Committee on Cancer (AJCC) [9], all patients enrolled 
were identified as T0-4N0-1M0. These patients also received to-
tal thyroidectomy or thyroid lobectomy with therapeutic or 
prophylactic CLND. 

All acquired specimens were examined by two or more 
board-certified pathologists from Shanghai Ruijin Hospital 
and Shanghai EENT Hospital. Pathological features analyzed 
were pathological type of tumor, type of the surrounding thy-
roid tissues, tumor size, multifocality (more than one lesion in 
unilateral thyroid lobe), and lymph node metastasis. 

3. Statistical analysis 
We used logistic univariate and multivariate regression 

analyses to screen risk factors that were significantly associ-
ated with CNM using the SPSS ver. 24.0 package (IBM Corp., 

Table 1.  Demographics and clinical characteristics of the cohort

Variable Value 

Age (yr)
  Mean 43.1 (
BMI (kg/m2) 
    Mean 23.81 (
Sex 
    Male 447 (35.7)
   Female 805 (64.3)
Size of largest lesion (US) 
    Mean 0.86 (
    Medium 0.7 (
Thyroid capsule invasion (US) 495 (39.5)
Multifocality (US) 373 (29.8)
Bilateral disease 243 (19.4)
Serum index (mean) 
    CEA 1.42 (
    Creatinine 64 (
CNM 618 (49.4)
Central lymph node 
    Mean harvested 7.1 (
    Mean positive 4.3 (
LLNM 158 (12.6)
Vaues are presented as number (%) unless otherwise indicated. 
BMI, body mass index. US, ultrasonography; CEA, carcinoem-
bryonic antigen; CNM, central lymph node metastasis; LLNM, 
lateral lymph node metastasis.
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Armonk, NY). Variables of which the p-value < 0.05 from the 
univariate logistic regression were then used for multivari-
ate logistic regression to construct a risk prediction model – 
Nomogram, in R software (ver. 3.5.1, R Development Core 
Team). The method of decision curve analysis (DCA) was 
used to evaluate the nomogram model and the US model for 
prediction of CNM. The decision analytic technique is avail-
able in the R statistical package and a step-by-step tutorial 
is available online [10]. All statistical tests were performed  
using the R statistical package. The discrimination and con-
sensus degree of our newly-established predictive model were 
tested through the receiver operating characteristic (ROC)  
curve, the calibration curve, and the area under the ROC 
curve (AUC) which is also known as the concordance index 

(C-index). The likelihood of CNM were quantified as risk 
scores according to our nomogram, and each patient was 
stratified into different subgroups by their calculated CNM 
risk scores.

4. Ethical statement
Consent has been obtained from each patient or subject 

after full explanation of the purpose and nature of all pro-
cedures used. All procedures performed in studies involv-
ing human participants were in accordance with the ethical 
standards of the Institutional Ethics Committee of the Eye 
and ENT Hospital of Fudan University and the Ruijin Hospi-
tal of Shanghai Jiao Tong University School of Medicine, and 
with the 1964 Helsinki declaration and its later amendments 

Fig. 1.  Univariate (A) and multivariate (B) logistic regression of factors associated with central lymph node metastasis (CNM). BIL, biliru-
bin; CEA, carcinoembryonic antigen; Cr, creatinine; RBC, red blood cell; Mon, monocyte; Neu, neutrophil; WBC, white blood cell; MTD, 
maximum tumor diameter; TCI, thyroid capsular invasion; iNG, ipsilateral Nodular Goiter; iHT, ipsilateral Hashimoto thyroiditis; BMI, 
body mass index.

Univariable risk factor for CNM

BIL (present vs. absent)
CEA (≥ 1.0 vs. < 1.0)
Cr (≥ 70.0 vs. < 70.0)
Ca2+ (≥ 2.35 vs. < 2.35)
RBC (≥ 5.0 vs. < 5.0)
Mon (≥ 0.3 vs. < 0.3)
Neu (≥ 3.5 vs. < 3.5)
WBC (≥ 6.0 vs. < 6.0)
Multifocality (present vs. absent)
MTD (≥ 1 cm vs. < 1 cm)
TCI (present vs. absent)
With iNG (no vs. yes)
With iHT (no vs. yes)
BMI (> 22 vs. ≤ 22)
Age (> 40 vs. ≤ 40)

OR (95% CI)

1.821 (1.271-2.611)
1.709 (1.096-2.664)
2.032 (1.341-3.079)
1.223 (0.830-1.800)
1.835 (1.170-2.878)
1.123 (0.760-1.662)
1.162 (0.790-1.710)
1.090 (0.739-1.607)
5.918 (3.606-9.714)
3.194 (2.038-5.004)

  9.825 (6.061-15.926)
0.976 (0.610-1.560)
0.557 (0.344-0.904)
0.651 (0.436-0.971)
0.566 (0.384-0.836)

p-value

0.001
0.018
0.001
0.308
0.008
0.560
0.445
0.663
0.000
0.000
0.000
0.919
0.018
0.036
0.004

0.1 1 10

A

Multivariable risk factor for CNM

BIL (present vs. absent)
CEA (≥ 1.0 vs. < 1.0)
Cr (≥ 70.0 vs. < 70.0)
RBC (≥ 5.0 vs. < 5.0)
Multifocality (present vs. absent)
Age (> 40 vs. ≤ 40)
TCI (present vs. absent)
MTD (≥ 1 cm vs. < 1 cm)
BMI (> 22 vs. ≤ 22)
With iHT (no vs. yes)

OR (95% CI)

1.171 (0.744-1.842)
1.978 (1.085-3.606)
2.155 (1.172-3.961)
1.330 (0.675-2.622)

  5.930 (3.276-10.735)
0.479 (0.280-0.819)

  9.803 (5.575-17.239)
2.023 (1.153-3.549)
0.480 (0.278-0.827)
0.617 (0.325-1.171)

p-value

0.496
0.026
0.013
0.410
0.000
0.007
0.000
0.014
0.008
0.140

0.1 1 10

B
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or comparable ethical standards.

Results

1. Demographics and clinical characteristics in original 
model

A total of 1,252 PTC patients including 447 males (35.7%) 
and 805 females (64.3%) underwent thyroidectomy with 
CLND in our institution. Mean age was 43.1 years with a 
range of 14-78 years, and mean BMI was 23.81 with a range 
of 16.67-43.56. Two serum indexes were included, CEA  

medium was 1.42 while the Cr medium was 64. Through 
preoperative US detection, the mean size of tumor size was 
0.86 cm with a range of 0.05-6.5 cm. Four hundred ninety-five 
(39.5%) were diagnosed with thyroid capsule invasion, 373 
patients (29.8%) were found to have more than one lesion 
higher than TI-RADS 4A in the same lobe (multifocality). 
Among the surgical specimens, 243 (19.4%) were confirmed 
to have bilateral PTC, 618 (49.4%) were ultimately confirmed 
to have CNM. The mean harvested central lymph nodes was 
7.1, mean positive nodes was 4.3, and 158 patients (12.6%) 
were pathologically confirmed to have lateral lymph node 
metastasis (LLNM) (Table 1).

Fig. 2.  The nomogram for predicting risk of possible central lymph node metastasis (CNM) in papillary thyroid carcinoma patients. TCI, 
thyroid capsular invasion; Cr, creatinine; BMI, body mass index; CEA, carcinoembryonic antigen.
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Fig. 3.  Evaluation and Validation of the nomogram. (A) The receiver operating characteristics (ROC) curve and area under the ROC curve 
(AUC) of the nomogram. (B) The calibration curve of the nomogram for predicting possible central lymph node metastasis. Actual prob-
ability is plotted on the y-axis, and nomogram predicted probability on the x-axis.
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2. Univariate and multivariate analysis of CNM variables
In the univariate analysis, bilaterality (p < 0.001), CEA 

(p=0.018), Cr (p < 0.001), red blood cell (p=0.008), multifo-

cality (US) (p < 0.001), maximum tumor diameter (MTD, 
US) (p < 0.001), TCI (US) (p < 0.001), ipsilateral Hashimo-
to thyroiditis (p=0.018), BMI (p=0.018), and age (p=0.004) 
have association with CNM (Fig. 1A). Multivariate logistic 
regression modeling was further conducted to screen for 
significant variables associated with CNM. Results were as 
follows: CEA > 1 ng/mL, Cr > 70 μmol/L, multifocality, age  
< 40 years, TCI, MTD > 1 cm, BMI < 22 (Fig. 1B). 

3. Nomogram for predicting likelihood of CNM in PTC  
patients

Based on the independent factors screened through mul-
tivariate analysis, a nomogram was established for predict-
ing individual risk of CNM. The risk of each factor including 
CEA, Cr, multifocality, age, TCI, and BMI was quantified in 
our predicting model (score of each factor was shown in Fig. 
2) to predict the presence of CNM in PTC patients.

Fig. 4.  The calibration curve of the nomogram for external vali-
dation set. ROC, receiver operating characteristics.

Ac
tu

al
 p

ro
ba

bi
lit

y
1.0

0
0

Predicted probability
1.00.80.40.2 0.6

0.6

0.8

0.4

0.2
Ideal
Logistic calibration
Nonparametric

C (ROC) 0.825
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receiver operating characteristics.
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4. Internal and external validation of the nomogram 
To evaluate our nomogram’s ability to predict CNM in 

PTC patients, we conducted an internal validation using 
1,000 bootstrap resamples. A C-index of 0.857 (95% CI, 0.821 
to 0.894) was achieved, and a similar C-index 0.854 (95% CI, 
0.843 to 0.867) was acquired after 1,000 bootstrapping, con-
firming its satisfactory accuracy in predicting central lymph 
nodes involvement. ROC curve and AUC are presented in 
Fig. 3A. Furthermore, we also conducted a calibration plot 
for our newly-established model, and a favorable agreement 
was shown between the actual and estimated probability 
of CNM (Fig. 3B). The external validation population com-
prised of 186 patients (122 females) with a 53% overall rate of 
nodal metastases. The mean age was 41.8 years with a range 
of 19-72 years. When applied to the original model, the exter-
nal validation data set produced a C-index of 0.825 (95% CI, 
0.793 to 0.857) (Fig. 4). 

5. Validation of the predictive effect of serum factors  
In order to evaluate the effect of serum indicators (CEA 

and Cr) we included in this prediction model, we excluded 
two serum indicators and reproduced a contrast nomogram 
(Fig. 5A), with a C-index of 0.817 (Fig. 5B), proving that these 

two factors we included were significant and could improve 
our nomogram’s ability to predict CNM.

6. Comparing two models in predicting CNM based upon a 
decision curve analysis

A DCA was performed to compare the predictive ability 
between our nomogram and the US model. The US model 
used the data from the preoperative ultrasonographic dia-
gnosis of CNM in our patient cohort (n=1,252). The DCA 
showed that the prediction ability of our nomogram is supe-
rior to US in detecting CNM for PTC patients (Fig. 6).

7. Novel risk stratification according to the scores obtained 
by the nomogram

Every variable included in our nomogram had its corre-
sponding risk point and total risk scores calculated for all  
patients to quantitatively predict their individual risk of CNM. 
To stratify patients according to their risk scores, four cut-off 
values were selected. Five subgroups were thus established: 
(1) extreme low-risk group (patients with a CNM score of  
≤ 50, n=137), (2) low-risk group (50 < risk score ≤ 100, n=311), 
(3) moderate-risk group (100 < risk score ≤ 150, n=305), (4) 
high-risk group (150 < risk score ≤ 200, n=184), and (5) ext-
reme high-risk group (patients with a CNM score of > 200, 
n=315).

The rates of CNM for extreme low, low, moderate, high, 
extreme high-risk groups were 8.8%, 17.7%, 41.3%, 77.2%, 
and 89.8%, respectively. Differences were significant between 
these subgroups (p < 0.001) (Table 2).  

Discussion

Increasing incidence of thyroid cancer has been reported 
over recent years, and surgical resection is generally accept-
ed to be the most effective treatment for PTC [11], yet the 
role of prophylactic CLND in PTC continues to be debated.  
Advocates point that prophylactic CLND in cN0 patient  
reduces local recurrence which contributes to less hazardous 

Fig. 6.  Decision curve analysis for comparing our nomogram 
and ultrasonography in predicting central lymph node metasta-
sis in papillary thyroid carcinoma patients.
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Table 2.  CNM risk stratification of PTC patients based on the model database

Nomogram 
 ELR LR MR HR HER 

Total
  0-50 50-100 100-150 150-200 > 200

No CNM Value 125 256 179 42 32 634
 % 91.2 82.3 58.7 22.8 10.2 50.6
CNM Value 12 55 126 142 283 618
 % 8.8 17.7 41.3 77.2 89.8 49.4
Total Value 137 311 305 184 315 1,252
 % 100 100 100 100 100 100

CNM, central lymph node metastasis; PTC, papillary thyroid carcinoma; ELR, extreme low risk; LR, low risk; MR, moderated risk; HR, 
high risk; HER, extreme high risk. 
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reoperative surgery [6,12,13]. In our country, given the com-
bination of higher CNM risks in Asian patients and unreli-
ability of preoperative examinations in detecting CNM [14], 
most institutions prefer thyroidectomy with prophylactic 
CLND. In this study, the rate of patients who received pro-
phylactic CLND was 96.1% (1,663/1,731).

Although there is increasing support for prophylactic 
CLND given its benefits for recurrence and survival, many 
clinicians worldwide still opt for therapeutic CLND only, 
due to potential risks of prophylactic CLND. These could 
include permanent hypoparathyroidism, recurrent laryngeal 
nerve injury, and other postoperative complications [15-17]. 
Furthermore, in the American Thyroid Association guide-
lines (2015), “less is more” seemed to be the theme running 
throughout the consensus, recommending less extensive sur-
geries, less radioactive iodine and less surveillance testing 
[9,18]. In addition, the importance of regional lymph nodes 
for cancer survival is stressed in immunotherapy [19], as 
preservation of normal lymph nodes in meaningful for fol-
low-up treatments. Thus, accurately assessing risks of CNM  
may play an important role in surgical options, for it is the 
deciding factor in whether prophylactic CLND should be 
performed.

Our study aimed to develop a nomogram to predict the 
likelihood of CNM in PTC patients. A CNM rate of 49.4% 
was identified, which is in accordance with figures of 40-
58% reported by other similar works [20,21]. Among these 
patients, 158 patients (25.6%) were observed to have LLNM, 
while 43 patients (3.4%) had skip metastasis (i.e., had LLNM 
without CNM) which is similar to the observation made by 
Thompson et al. [6,22]. Given the low prevalence of skip 
metastasis, most LLNM will be accompanied by CNM, and 
a routine CLND will be performed; thus, we question the 
significance of including LLNM as a risk factor for CNM 
suggested by Wang et al. [23]. However, their results match 
our finding where there is a significant association between 
CNM and LLNM, and we will report this clinical research in 
our following work. 

Referencing similar works on predicting CNM, our resear- 
ch confirms their results and takes it a step further. The nom-
ogram developed by Thompson et al. [6] was based on 914  
patients and had good discrimination with a C-index of 0.764, 
while only four variables were considered. The nomograms 
established by Wang et al. [23] and Kim et al. [24] enrolled 
larger patient cohorts, yet their discrimination presented a  
C-index of 0.711 to 0.721, which was weaker than this study. 
In addition, the equal split of the variables (age and tumor 
size) in Kim et al.’s work [24] is also quite puzzling given 
the nonlinear relationship between the variable and CNM 
according to Thompson’s article [6], which raised further 
questions about the representative of their nomogram for the 
general population.

There were a few references on the association between 

BMI and CNM [25,26], yet our results were quite different 
to previous findings. Wu et al. [25] found that increased 
BMI was associated with lymph node metastasis by analyz-
ing a cohort of 796 PTC patients, while we observed that 
BMI less than 22 kg/m2 was the risk factor for CNM of PTC  
patients. This difference may be caused by disparate ways of 
BMI grouping or and the diagnose distinction of lymph node 
metastasis. However, we believe our nomogram showed 
a better predictive accuracy (AUC, 0.854) based on greater 
amount of samples of 1,252 PTC patients.   

In this study, we took TCI diagnosed by preoperative US as 
variable instead of pathological TCI due to the lack of patho-
logically uniform standard (whether TCI or extrathyroidal 
extension [ETE]) in our institutions. This stems from a lack of 
definite definition for TCI or ETE in thyroid pathology [27]. 
Preoperative US TCI was identified in 39.5% cases, while 
other studies reported that pathological TCI was present in 
around 30%-53% cases [6,28,29]. Interestingly, we observed 
TCI to be the most sensitive characteristic in our nomogram. 
Several works have proven the connections between TCI or 
ETE and CNM [23,24] and Thompson et al. [6] found wider 
spread ETE had a higher likelihood of lymph node metasta-
sis compared to mere capsular invasion.

Multifocality and large tumor size have frequently been 
shown to promote CNM of PTC patients [2,6,12,20,23,24]. In 
our research, we obtained similar findings to previous stud-
ies, shown in our nomogram (Fig. 2), in which multifocality 
and tumor size larger than 1 cm both played an important 
role.

Preoperative serum index is available in most institutions, 
yet their association with CNM of PTC patients seems to be 
overlooked. We gathered all the pre-operation clinical serum 
index including blood routine examination, serum hepato-
renal function, serum electrolyte, serum thyroid function, 
parathyroid hormone and CEA. Interestingly, we found  
serum Cr and CEA did contribute to our nomogram, sug-
gesting PTC patients with Cr over 70 μmol/L or CEA over  
1 ng/mL might suffer a higher risk of CNM.

Above all, this nomogram made it possible to score the 
likelihood of CNM in PTC patients before operation, which 
showed a significant advantage over preoperative US (Fig. 
6). By gathering readily available clinical characteristics, we 
divided PTC patients into five quantified risk stratification in 
our nomogram (Table 2) so that it is easier to use clinically. 
Using this risk stratification table, clinicians may be better 
informed in their assessment of the risk factors.

There are several limitations of this study which we hope 
to address in our following research. Although we gathered 
patient cohort from two institutions, our sample was not as 
large as the two recent researches [23,24]. In addition, only 
523 patients’ BRAF mutation reports were available and 
fewer patients received a postoperative immunohistochemi-
cal examinations. Future predictive models may incorporate 
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microRNA and PTC subtypes, as well as immunohistochem-
ical biopsy and genotype of FNA samples, which are not 
available at present. Furthermore, we were able to incorpo-
rate several new variables that are significant for prediction 
of CNM. This implies that there may be potential variables 
waiting to be discovered that could make the nomogram 
more complete.

Using available pre-operative variables, we were able to 
construct a nomogram that stratify PTC patients into five 
groups that possess different CNM risk levels. This provides 
guidance for whether a patient should receive CLND on a 

case by case basis, and promotes balanced approach between 
avoiding CLND complications and maximizing survival/
lowering recurrence rates.
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Purpose
Radiation-induced oral mucositis limits delivery of high-dose radiation to targeted cancers. 
Therefore, it is necessary to develop a treatment strategy to alleviate radiation-induced oral 
mucositis during radiation therapy. We previously reported that inhibiting reactive oxygen 
species (ROS) generation suppresses autophagy. Irradiation induces autophagy, suggest-
ing that antioxidant treatment may be used to inhibit radiation-induced oral mucositis.  

Materials and Methods
We determined whether treatment with N-acetyl cysteine (NAC) could attenuate radiation-
induced buccal mucosa damage in vitro and in vivo. The protective effects of NAC against 
oral mucositis were confirmed by transmission electron microscopy and immunocyto-
chemistry. mRNA and protein levels of DNA damage and autophagy-related genes were 
measured by quantitative real-time polymerase chain reaction and western blot analysis, 
respectively.   

Results
Rats manifesting radiation-induced oral mucositis showed decreased oral intake, loss of 
body weight, and low survival rate. NAC intake slightly increased oral intake, body weight, 
and the survival rate without statistical significance. However, histopathologic character-
istics were markedly restored in NAC-treated irradiated rats. LC3B staining of rat buccal  
mucosa revealed that NAC treatment significantly decreased the number of radiation-
induced autophagic cells. Further, NAC inhibited radiation-induced ROS generation and 
autophagy signaling. In vitro, NAC treatment significantly reduced the expression of NRF2, 
LC3B, p62, and Beclin-1 in keratinocytes compared with that after radiation treatment.

Conclusion
NAC treatment significantly inhibited radiation-induced autophagy in keratinocytes and rat 
buccal mucosa and may be a potentially safe and effective option for the prevention of 
radiation-induced buccal mucosa damage.

Key words
Radiation, Oral mucositis, N-acetylcysteine (NAC), Autophagy, 
Nuclear factor erythroid 2-related factor 2 (NRF2)
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Introduction

Radiotherapy is a commonly used cancer treatment that 
entails lethal doses of radiation against cancer cells [1]. How-
ever, exposure of normal tissue to radiation can cause both 
acute and chronic toxicity, including dermatitis, oral mucosi-
tis, altered taste, pain, dry mouth, decreased appetite, and 
even ulceration [2].

Oral mucositis is one of the most common complications 
of cancer therapy, chemotherapy, and radiation therapy. In 

patients with granulocytopenia, it often leads to systemic 
infections and nutritional deficiencies due to the intake of a 
restricted diet [3]. 

Despite technological advances, a successful method for 
the prevention of radiation-induced oral mucositis and nor-
mal cell toxicity has yet to be developed [4]. Although many 
recent studies have shown the potential of radiation in pro-
tection against chemicals and small molecules, most of them 
have yet to reach the preclinical stage due to their toxicity and 
side effects, and the unknown mechanisms involved in radia-
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tion protection. Radiation-induced oral mucositis is caused 
by a variety of mechanisms, including but not limited to the 
release of free radicals, modified proteins, and proinflamma-
tory cytokines, including interleukin-1β, prostaglandins, and 
tumor necrosis factor by irradiated epithelial, endothelial, 
and connective tissue cells in the buccal mucosa [5].

Previous studies have reported an increase in intracel-
lular reactive oxygen species (ROS) levels during radiation-
induced oral mucositis. Scavengers such as vitamin E, ami-
fostine, and N-acetylcysteine (NAC) are known to inhibit oral 
mucositis, indicating a role for ROS in radiation-induced oral 
mucositis [6].

Although the radioprotective effects of scavengers are  
unknown, ROS scavenger supplements are seen to partially 
protect against sublethal damage induced by ionizing radia-
tions. Therefore, we elucidated the relationship between auto- 
phagy and the antioxidant signal transduction mechanism. 

NAC is a free radical scavenging antioxidant [7]. Several 
studies have reported on its efficacy in reducing inflamma-
tion of the mucous membranes, improving the elimination 
and excretion of sputum in inflammatory diseases of the res-
piratory system, and inhibiting the secretion of cytokines [8]. 

Nuclear factor erythroid 2-related factor 2 (NRF2), an anti- 
oxidant, is regulated by upstream signal transduction factors  
such as mitogen-activated protein kinases, extracellular sig-
nal-regulated kinase, c-Jun N-terminal kinase, and phos-
phatidylinositol 3-kinase [9]. Under oxidative stress, NRF2 is 
not degraded and translocates to the nucleus where it binds  
to the promoter regions of antioxidant genes, such as gluta- 
thione transferases, UDP-glucuronosyltransferases, γ-gluta-
mylcysteine synthetase, glutathione peroxidase, heme oxyge-
nase-1, catalase, and NAD(P)H:quinone oxidoreductase-1, to 
upregulate their transcription [10].

The mechanism for the radioprotective effect of NRF2 is 
unknown. However, it is known to depend on radiation- 
induced ROS generation that leads to cell and DNA damage.
Interestingly, recent reports have shown that the NRF2 path- 
way correlates with autophagic signaling and contributes to 
antioxidant-mediated protection of the cells by eliminating 
oxidatively damaged organelles and proteins [11].

In this study, we investigated the protective effect of NAC 
against radiation-induced oral mucositis in animal studies 
and keratinocytes. The associated signaling mechanisms, spe-
cifically those involving the autophagic signaling pathway, 
were also studied. 

 

Materials and Methods

1. Animal study
Six-week-old female Sprague-Dawley rats were purchased 

from Orient Bio Co. Ltd. (Seongnam, Korea). 
The animals were randomly assigned to either an irradia-

tion group (n=20) or a non-irradiation group (n=20) for 3 
weeks. Each group was divided into two groups. One group 
was treated with NAC (Mucomyst, Boryung Pharm, Ansan, 
Korea) (n=10), and the other group was treated with saline 
(n=10). 

A single 30 Gy dose was delivered by opposing photon 
beams at a rate of 2 Gy/min bilaterally at a distance of 100 
cm from the source to the axis using the 6 MV LINAC (21EX, 
Varian Medical Systems, Palo Alto, CA). Radiation dose and 
evaluation were previously described [12].

Rats were treated with NAC (Mucomyst, Boryung Pharm) 
from the day after irradiation. Rats were placed in an acryl 
box (30×20×20 cm), and a nebulizer was used to adminis-
ter NAC (air flow, 10.01 L/min) for 5 minutes and stabilized 
for 5 minutes. The control groups were administered saline. 
Treatment was conducted twice every day for 3 weeks (9 am 
and 6 pm). 

2. Cell culture and radiation conditions
The human immortalized keratinocytes, HaCaT cells, were 

obtained from the American Type Culture Collection (ATCC, 
Manassas, VA). HaCaT cells were maintained in high glucose 
Dulbecco’s modified Eagle’s medium (Gibco, Grand Island, 
NY), supplemented with 10% fetal bovine serum and 100 U/
mL penicillin-streptomycin (Gibco, Paisley, PA) at 37°C with 
5% CO2 under humidified conditions. 

Cells were pre-treated with 10 mM of NAC for a 1 hour 
before radiation and were irradiated for 10 minutes with 6 
MV LINAC (21EX, Varian Medical Systems) at a fixed dose 
rate of 2 Gy/min. A radiation of 20 Gy was selected to induce 
DNA damage [12,13].

3. Terminal deoxynucleotidyl transferase dUTP nick end 
labeling assay

Apoptotic cells in the buccal mucosa were assessed by 
DNA fragmentation within cells using the In Situ Cell Death 
Detection Kit, POD (Roche Molecular Biochemicals, Indian-
apolis, IN), according to the manufacturer’s protocol. Nuclei 
were counterstained with Hoechst 33342.

4. Cell cycle analysis and measurement of ROS production
HaCaT cells were harvested by trypsinization and washed 

with phosphate buffered saline (PBS). Cold 70% ethanol was 
slowly added to the cells while vortexing, and were fixed 
overnight at –20°C. The cells were washed with PBS twice, 
centrifuged at 1,300 rpm for 3 minutes, and resuspended in 
200 μL PBS. Subsequently, they were incubated with 300 μg/
mL RNase (Intron Biotechnology, Seongnam, Korea) for 30 
minutes at 37°C, and 500 μL propidium iodide (10 μg/mL, 
Invitrogen, Carlsbad, CA) for another 30 minutes at 4°C in 
a dark room. Cell cycle distribution was calculated in 10,000 
cells using a BD FACS Aria III instrument (BD Biosciences, 
Bedford, MA). 
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The cellular ROS production was measured by treating  
HaCaT cells with 10 μM hydroethidine (Molecular Probes, 
Eugene, OR) for 30 minutes at 37°C. Fluorescence-stained 
cells were then analyzed with BD FACS Aria III (BD Bio-
sciences).

5. Western blot analysis
Cells were lysed in RIPA buffer (Sigma-Aldrich, St. Louis, 

MO) containing 50 mM Tris (pH 8.0), complete EDTA-free 
protease inhibitor, and PhoSTOP (Roche Molecular Biochem-
icals, Basel, Switzerland), as described previously. The cell 

lysates were mixed with 5× sodium dodecyl sulfate sample 
buffer and run on a 10%-12% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis gel, followed by electropho-
retic transfer to PVDF membrane. Targeted proteins were 
immunoblotted with specific antibodies. The following pri-
mary antibodies were used: p21, p27, phospho-p53 (Ser15), 
p53, cyclin B1, γH2AX, mammalian target of rapamycin 
(mTOR), phospho-mTOR, ATG3, ATG5, P62, LC3B, and 
glyceraldehyde 3-phosphate dehydrogenase  (1:1,000, Cell 
Signaling Technology, Danvers, MA). Secondary antibodies 
(1:4,000, anti-rabbit IgG or anti-mouse IgG) were purchased 

Fig. 1.  Effect of N-acetylcysteine (NAC) on DNA damage in the HaCaT cells after radiation treatment. (A) Western blot analysis of signals 
mediating cell cycle checkpoint and DNA damage. Cell lysates were collected 24 hours after irradiation and NAC treatment, followed 
by gel electrophoresis, and the levels of p-ATM (Ser1981), total ATM (t-ATM), p21, p-p53 (Ser15), total p53 (t-p53) cyclin B1, γH2AX, and 
alpha-tubulin were measured. A representative of three experiments is shown in triplicate. (B)  Cell cycle analysis by flow cytometry. The 
distribution of each HaCaT cell line in various stages of the cell cycle was analyzed by propidium iodide staining after radiation and NAC 
treatment.  (C) Cyclin A/cyclin B1 mRNA level was measured using real-time polymerase chain reaction. Asterisks indicate statistically 
significant differences. *p < 0.05. (Continued to the next page)
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from Cell Signaling Technology. 

6. Cell proliferation assay (BrdU assay)
Cell proliferation was measured using a BrdU assay kit 

(Roche Diagnostics, Penzberg, Germany), according to the 
manufacturer’s protocol (BD Biosciences) as described pre-
viously [12]. Absorbance was measured at a wavelength of 
370 nm using an enzyme-linked immunosorbent assay read-
er (Bio-Tek, Winooski, VT). The rate of cell proliferation was 
expressed as a percentage of untreated cells.

7. Transmission electron microscopy 
The cells were fixed in 2% glutaraldehyde after treatment 

with vehicle or NAC (10 mM, Sigma-Aldrich) only, radiation 
alone (20 Gy), or radiation (20 Gy) plus NAC (10 mM), as 
previously described [14].  All thin sections were observed 
with an electron microscope (JEM-1011, Jeol, Tokyo, Japan) 
at an acceleration voltage of 80 kV, and the images were ana-
lyzed with the Camera-Megaview III Soft imaging system. 

8. Quantitative real-time polymerase chain reaction 
Total RNAs from HaCaT cells treated with vehicle or NAC 

(10 mM, Sigma-Aldrich) only, radiation only (20 Gy), or  
radiation (20 Gy) plus NAC were isolated using TRIzol rea-
gent (Gibco-BRL, Grand Island, NY). The cDNA synthesis 
was performed as described previously [15]. We quantified 
the targeted gene expression via one-step real-time PCR  
using Step One Plus TM (Applied Biosystems, Foster City, 
CA). All primers were purchased from Qiagen (Hilden, Ger-
many) and resuspended in 100 µM stock solutions in TE 
buffer (pH 8.0, Teknova, Hollister, CA). 

9. Immunohistochemistry
Immunohistochemistry was performed using paraffin-

embedded tissue sections collected on poly L-lysine–coated 
slides. The specimens were briefly incubated in a blocking 
solution with anti-LC3B (1:200), NRF2 (1:200) antibody over-
night at 4°C. The sections were thoroughly rinsed in PBS and 
incubated for 2 hours at room temperature with SPlink HRP 
Detection Kit (GBI Labs, Mukilteo, WA). Immunolabeling 
was performed after three washes in PBS and stained with 
Liquid DAB+ Substrate Kit (GBI Labs).  

10. Immunocytochemistry
HaCaT cells were cultured on microscope coverslips (Ther- 

mo Fisher Scientific, Rochester, NY) and treated with vehi-
cle or NAC (10 mM, Sigma-Aldrich) only, radiation only (20 
Gy), or radiation (20 Gy) plus NAC. After 24 hours, the slides 
were washed with PBS, fixed for 20 minutes in 3.7% for-
maldehyde, and rehydrated in PBS. Immunocytochemistry  
assays were performed as described previously [16]. The 
slides were washed and mounted with Vectashield (Vec-
tor Laboratories, Inc., Burlingame, CA). Cells were imaged  
using a fluorescence microscope (EVOS, Seattle, WA) [17].

11. Isolation of nuclear and cellular extracts 
Nuclear and cellular extracts were isolated from cells treat-

ed with vehicle or NAC (10 mM, Sigma-Aldrich) only, radia-
tion only (20 Gy), or radiation (20 Gy) plus NAC (10 mM) for 
24 hours using the NE-PER Nuclear and Cytoplasmic Extrac-
tion Reagent kit (Pierce Biotechnology, Rockford, IL), follow-
ing the manufacturer’s protocol.

Fig. 1.   (Continued from the previous page) (D) Immunofluorescence of γH2AX (green spot). Cells were exposed to a single dose of radiation 
(20 Gy), NAC (10 mM) or radiation+NAC.  After 24-hour incubation, immunocytochemistry was performed with an antibody target-
ing γH2AX, indicative of the cellular response to DNA damage. This experiment was independently repeated at least three times. Scale 
bars=75 μm. ***p < 0.001.
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12. Statistical analysis
Data from at least three independent experiments were  

expressed as mean±SD. Comparisons of the means of differ-
ent groups were performed using one-way analysis of vari-
ance (ANOVA). We conducted one-way ANOVA based on 
the Mann-Whitney U test using SPSS ver. 20.0 statistical soft-
ware (IBM Corp., Armonk, NY). p-values < 0.05 were consid-

ered statistically significant.

13. Ethical statement
This study was approved by the Committee for Ethics in 

Animal Experiments, Ajou University School of Medicine 
(IACUC number: 2016-0031).

Fig. 2.  Effect of N-acetyl cysteine (NAC) on radiation-induced intracellular reactive oxygen species (ROS) generation in HaCaT cells. (A) 
Intracellular ROS generation was measured in HaCaT cells treated with 20 Gy of radiation in the presence or absence of NAC (10 mM). The 
level of intracellular ROS was measured by flow cytometry using the peroxide-sensitive fluorescent probe, dihydroethidium (DHE). (B) 
Intracellular ROS generation was evaluated by DHE fluorescence staining for 30 minutes at 37°C. Values are presented as the mean±SD of 
three experiments in triplicate and was calculated as a percentage of the control. ***p < 0.001. (C) NAC downregulates radiation-induced 
nuclear factor erythroid 2-related factor 2 (NRF2) protein expression. Western blots were performed using NRF2 and glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) antibodies. (D) Protein levels of NRF2 in fractionated nuclear or cytosolic lysates treated with 20 
Gy of radiation in the presence or absence of NAC (10 mM) were determined by western blot analysis. (Continued to the next page)
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Results

1. Pre-treatment with NAC protects irradiated HaCaT cells 
against DNA damage 

Radiation induces HaCaT cell death by inducing DNA 
damage [18]. Therefore, DNA damage markers were meas-
ured, and cell cycle analysis was performed to determine 
whether 10 mM NAC pre-treatment could prevent DNA 
damage. 

We analyzed protein-related DNA damage for p-ATM, 
ATM, p21, p53, cyclin B1, and γH2AX to determine wheth-
er NAC could block the ATM pathway and DNA damage  
mediating the cell cycle arrest observed. Increased protein 
levels or phosphorylation of p-ATM, p-p53 (Ser15), p21, cyc-
lin B1, and γH2AX after irradiation and treatment with NAC 
reduced the phosphorylation of p-ATM, p-p53 (Ser15), and 
the protein levels of p21, cyclin B1, and γH2AX, which were 
increased by radiation treatment (Fig. 1A). 

Interestingly, the length of the S phase of the cell cycle  
increased during radiation treatment and decreased after 
NAC treatment (Fig. 1B). 

As shown in Fig. 1C, the mRNA levels of cyclin A and B 
were significantly lower in the NAC-treated group than in 
the radiation only group. These results were consistent with 
those of the western blot analysis.

In addition, to analyze DNA damage related to cell cycle 
arrest, we evaluated the expression of γH2AX, which plays 
an essential role in the cellular DNA damage response. NAC 
significantly inhibited the expression of γH2AX induced by 
irradiation (Fig. 1D). These results suggested that the protec-
tive mechanism of action of NAC and decreased DNA dam-
age correlate with reduced phosphorylation of ATM and p53.

2. NAC inhibits radiation-induced intracellular ROS pro-
duction via regulation of NRF2 expression in HaCaT cells

Radiation has been shown to increase ROS-induced oxida-

Fig. 2.   (Continued from the previous page) (E) NRF2 protein levels were detected by immunocytochemistry. Cells were exposed to a single 
dose of radiation (20 Gy), NAC (10 mM) or radiation+NAC.  After 24-hour incubation, immunocytochemistry was performed with an 
NRF2 antibody. (F) NRF2 mRNA level was measured using real-time polymerase chain reaction. Asterisks indicate statistically significant 
differences. *p < 0.05. 
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tive stress in cells [19]. Therefore, we investigated ROS levels 
after irradiation to identify the mechanism by which NAC 
inhibits ROS production. First, the generation of ROS was 
quantified using dihydroethidium (DHE). As shown in Fig. 
2A, the significant increase in ROS generation induced by 
irradiation was inhibited significantly by NAC. To confirm 
these results, we used DHE fluorescence staining. As shown 

in Fig. 2B, the radiation-induced increase in fluorescence  
intensity was inhibited significantly by NAC. 

To elucidate the mechanism underlying the activity of radia- 
tion and NAC, we evaluated the effects of radiation and NAC- 
induced changes on gene expression. Radiation has been  
reported to increase NRF2 expression in human lympho-
cytes. Given the role of NRF2-Keap1 signaling in stress res-

Fig. 3.  Protective effect of N-acetyl cysteine (NAC) against radiation-induced autophagy in the HaCaT cells. (A) Western blot analysis with 
antibodies against Beclin-1, p62, and LC3B. (B) Immunocytochemistry staining of LC3B (green), F-actin (red), and nucleus (blue) in cells 
exposed to a single dose of radiation (20 Gy), NAC (10 mM) or radiation+NAC for 24 hours. LC3B puncta-positive cells were counted in 
five random fields (n=3). Scale bars=100 μm. Values are presented as mean±standard deviation (SD). ***p < 0.001. (C) Transmission electron 
microscopy analysis of morphological changes in autophagic vesicles in HaCaT cells. Scale bars=5,000 nm. (Continued to the next page)
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ponse, the NRF2 signaling mechanism protects cells by acti-
vating antioxidant-related genes [20]. 

To identify the relationship between radiation-induced 
ROS and NRF2 expression, HaCaT cells were irradiated, 
and the protein levels of NRF2 were measured by western 
blotting. A representative western blot is shown in Fig. 2C. 
The results confirmed the increased expression of NRF2 after  
radiation treatment and showed that NAC treatment redu-

ced the expression of NRF2.
As shown in Fig. 2D, NAC treatment attenuated the pro-

tein level of NRF2 increased by radiation treatment in both 
the nuclear and cytoplasmic fractions.

To confirm our findings regarding NRF2 expression, the 
nuclear translocation of each molecule was analyzed using 
immunocytochemistry. These results were consistent with 
those of western blot analysis.

3. NAC inhibits radiation-induced autophagy in HaCaT 
cells

Recent reports have shown that autophagy is closely relat-
ed to radiation [21]. Therefore, to identify the relationship bet-
ween radiation-induced ROS generation and DNA damage 
and the inhibitory effect of NAC, autophagy-related proteins 
were quantified by western blotting. As shown in Fig. 3A, 
radiation treatment increased the expression of autophagy-
related proteins such as Beclin-1, LC3B, and p62. However, 
NAC treatment reduced the expression of Beclin-1, LC3B, 
and p62, which had increased after radiation treatment. Fur-
thermore, LC3 puncta were visualized using a laser scanning 
fluorescent confocal microscope. As shown in Fig. 3B, radia-
tion treatment enhanced the accumulation of LC3 puncta in 
HaCaT cells, which was effectively suppressed by NAC. 

To confirm these results, transmission electron microscopy 
was performed to visualize autophagic structures in HaCaT 
cells. As shown in Fig. 3C, untreated cells showed normal 
nuclei, mitochondria, and other organelles and no autophag-
ic vacuoles were detected. In contrast, autophagic vacuoles 
were observed in irradiated cells, suggesting that radiation 
treatment induced autophagy in HaCaT cells. In addition, 
NAC treatment significantly decreased the number of auto-
phagic vacuoles compared with radiation treatment. 

In summary, NAC can effectively inhibit the transcription 
of LC3B, ATG5, and p62 in HaCaT cells (Fig. 3D). 

4. NAC protected against radiation-induced histopatholog-
ical changes in injured rat buccal mucosa

To determine the protective effects of NAC against radia-
tion in vivo, we exposed rats to 30 Gy of radiation plus NAC. 
Thereafter, we investigated the morphological changes cau-
sed by the treatment and the effect on survival up to 3 weeks 
of development. All animals were examined after death dur-
ing the experiment or euthanized after 3 weeks.

The food intake between the experimental groups was not 
significantly different until day 5, when the irradiation group 
and the radiation+NAC-treated group showed a significant 
decrease in food intake. Therefore, there was no statisti-
cally significant difference in the average food intake of the 
radiation+NAC group and the irradiation group (S1A Fig.). 
The weights of the irradiated rats were also not significantly 
different from those of the radiation+NAC group (S1B Fig.).

Inflammation and survival rate, however, were inhibited in 

Fig. 3.   (Continued from the previous page) (D) Quantitative real-
time polymerase chain reaction was used to quantify the effect 
of NAC on radiation-induced autophagy-related genes, ATG5, 
LC3B, and p62. Results are presented as mean±SD of three inde-
pendent experiments. *p < 0.05.
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the radiation+NAC group compared with that in the radia- 
tion treatment group (Fig. 4B)

Histopathologically, the buccal mucosa of the irradiation 
group was severely ulcerated with necrotic inflammatory 
exudates. However, after 3 weeks of irradiation, the tongue 
and buccal mucosa in the radiation+NAC group recovered 
similar to those in the control group (Fig. 4A). Mucosal  
recovery was also observed in hematoxylin-eosin stained tis-
sue (Fig. 4C).

5. NAC prevents radiation-induced autophagy and NRF2 
expression in rat buccal mucosa

To determine whether NAC treatment had similar effects 
in vivo, we confirmed the expression of NRF2 and LC3B in 
the rat tongue. The expression levels of LC3B and NRF2 were 
elevated in the group exposed to radiation, compared with 
those in the group treated with radiation+NAC (Fig. 5A).

We also conducted western blotting for NRF2 and LC3B 
in the rat tongue. NRF2 and LC3B protein levels increased in 
the radiation treatment group. In the radiation+NAC group, 

Fig. 4.  Protective effect of N-acetyl cysteine (NAC) against histopathologic effects in irradiated rats. (A) Photographic images of buccal 
mucosa on day 23 after irradiation. Rats in the radiation group were found to have more tongue mucositis (the tip of the tongue is not fully 
healed). However, the MUCOMIST(NAC) treatment group is clean except for the tip of the tongue. (B) Survival rate and time of death. 
There was no statistical significance between the treatment and non-treatment groups. (C) Histopathologic images (H&E staining, ×400) of 
buccal mucosa and tongue on day 23 after irradiation. Scale bars=200 μm.

A
Control MUCOMIST Radiation Radiation+MUCOMIST

C
Control

Buccal
mucosa

Tongue

MUCOMIST Radiation Radiation+MUCOMIST

Su
rv

iv
al

 ra
te

 (%
)

120

0
8

Time (day)
9 10 11 232221201918171615141312

20

100

B

80

60

40

Radiation+saline
Radiation+MUCOMIST

VOLUME 52 NUMBER 4 OCTOBER 2020     1027



Cancer Res Treat. 2020;52(4):1019-1030

however, there was a marked decrease in NRF2 and LC3B 
expression (Fig. 5B and C), indicating that NAC treatment 
was effective in vivo as well as in vitro.

Discussion

The mechanism of radiation-induced oral mucositis is not 
fully understood. However, radiation therapy is essential 
for tumor treatment and is commonly used despite its side  
effects, such as skin damage and oral mucositis [22].

Radiotherapy and chemotherapy are known to induce 
ROS generation that activates various signaling pathways 
that have recently been reported to interact via autophagy-
inducing factors [23]. These activated pathways inhibit cell 
regeneration and induce apoptosis and ulceration. DNA 
damage is also known to be induced directly by radiation; 
indirectly, S-phase arrest is induced by ROS [19]. Our results 
showed that NAC secured the progression of the S-phase 
by suppressing ROS-mediated DNA damage. In addition, 
another previous report demonstrated that NAC protected 
the cell cycle against UV damage; our results also showed 

Fig. 5.  Protective effect of N-acetyl cysteine (NAC) against irradiation of rat tongue. (A) Immunohistochemical analysis. Rat tongue sec-
tions from each experimental group (control, MUCOMIST, radiation, radiation+MUCOMIST) were stained with LC3B and NRF2 antibody. 
Scale bars=200 μm. (B) NRF2 and LC3B expression was detected by western blot. All the western blotting experiments were performed 
under the same conditions. (C) Relative expression levels of mRNA of NRF2 and LC3B were determined by real-time polymerase chain 
reaction analysis. *p < 0.05, **p < 0.01, ***p < 0.001.
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its protective effect on the cell cycle against radiation dam-
age [24]. Thus, we hypothesized that the antioxidant NAC 
is a possible protective agent against radiation-induced oral 
mucositis.

Previous studies have identified the preventive effect of 
NAC on radiation through 3D cell culture [25]. However, 
our experiments were performed in vivo to confirm the effect 
of NAC. In addition, the report did not observe the effect of 
NAC single treatment. Apoptosis was reduced when QYD 
(Qingre Liyan decoction) was used with NAC. In our study, 
cell damage was caused by ROS, which is increased upon 
irradiation, thereby resulting in increased autophagy. How-
ever, NAC treatment inhibited ROS production, and conse-
quently, prevented cell death.

In our previous report, we demonstrated that the protec-
tive effect of NAC against radiation and cisplatin is medi-
ated via the reduction of ROS generation [26]. Natural anti-
oxidants play a role in autophagy and cell death induction. 
Therefore, we investigated the protective effect of NAC 
against radiation-induced cellular damage in HaCaT cells 
and in a rat model [27]. We concluded that NAC treatment 
prevents radiation-induced mucositis by decreasing NRF2-
dependent ROS synthesis. Recent studies have shown that 
a low-dose radiation of 2.5 Gy increased the nuclear accu-
mulation of NFR2 in the mouse macrophage cell line RAW 
264.7 [28]. In our study, we also found nuclear accumulation 
of NRF2 induced by exposure to radiation. 

The activation mechanism of NRF2 is mediated via direct 
interaction between p62 and SQSTM1, as well as the anti-
oxidant response. Given that the accumulation of p62 and 
SQSTM1 is a hallmark of autophagy response, we investi-
gated the association between autophagy and the NRF2 
pathway. 

Autophagy is activated by ROS. Under oxidative stress, 
autophagy has a protective effect against cardiovascular, 
renal, and neurological disorders and obesity [29,30]. There-
fore, it is an important regulator of cell survival following 
damage and exposure to increased ROS levels or starvation. 
Autophagy eliminates ROS within the cell, which is similar 
to the role of the antioxidant-signaling pathway.

In our study, radiation-induced autophagy promoted 
the expression of NRF2 and induced the expression of p62. 
These results suggested that autophagy may play a regula-
tory or synergistic role in antioxidant-signaling pathways. 
However, the role of autophagy in radiation-induced early 
and delayed toxicity is unclear, and studies investigating the 

toxicity and death in autophagy are still ongoing.
However, regarding the mechanism involved, autophagy 

was activated and NRF2 production was promoted in irra-
diated cells by ROS. In our study, we found that NAC pre-
vented both autophagy and NRF2 production by inhibiting 
the synthesis of radiation-induced ROS in cells and an ani-
mal model, thus demonstrating the ability of NAC to pro-
tect against radiation-induced DNA damage, including oral 
mucositis. We observed the protective effect of NAC against 
radiation-induced cellular damage via its function in inhibit-
ing ROS production. 

Although the relevance of autophagy requires further elu-
cidation to confirm the effectiveness of NAC, our results sug-
gest that NAC may inhibit oral mucositis, which is the most 
common complication of chemotherapy.

Even though our animal experiments showed that treat-
ment with NAC is not effective with respect to oral intake 
and body weight, histological analysis results confirmed that 
NAC treatment improved tissue healing rate and quality. 
Therefore, it seems that NAC can treat radiation-induced oral 
mucositis, although NAC treatment did not affect oral intake 
or body weight. Therefore, more experiments are required 
to find a more effective way of NAC treatment, such as oral 
intake and body weight, to improve clinical parameters. 

In this study, we demonstrated that NAC significantly  
inhibited radiation-induced autophagy in keratinocytes and 
rat buccal mucosa. These results suggest that NAC may be a 
safe and effective therapeutic candidate for the inhibition of 
radiation-induced buccal mucosa damage.
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Purpose
The benefits of reirradiation for head and neck cancer (HNC) have not been determined. 
This study evaluated the efficacy of reirradiation using intensity-modulated radiotherapy 
(IMRT) for recurrent or second primary HNC (RSPHNC) and identified subgroups for whom 
reirradiation for RSPHNC is beneficial. 

Materials and Methods
A total of 118 patients from seven Korean institutions with RSPHNC who underwent IMRT-
based reirradiation between 2006 and 2015 were evaluated through retrospective review 
of medical records. We assessed overall survival (OS) and local control (LC) within the radio-
therapy (RT) field following IMRT-based reirradiation. Additionally, the OS curve according 
to the recursive partitioning analysis (RPA) suggested by the Multi-Institution Reirradiation 
(MIRI) Collaborative was determined. 

Results
At a median follow-up period of 18.5 months, OS at 2 years was 43.1%. In multivariate 
analysis, primary subsite, recurrent tumor size, interval between RT courses, and salvage 
surgery were associated with OS. With regard to the MIRI RPA model, the class I subgroup 
had a significantly higher OS than class II or III subgroups. LC at 2 years was 53.5%. Multi-
variate analyses revealed that both intervals between RT courses and salvage surgery were 
prognostic factors affecting LC. Grade 3 or more toxicity and grade 5 toxicity rates were 
8.5% and 0.8%, respectively.

Conclusion
IMRT-based reirradiation was an effective therapeutic option for patients with RSPHNC, 
especially those with resectable tumors and a long interval between RT courses. Further, 
our patients’ population validated the MIRI RPA classification by showing the difference of 
OS according to MIRI RPA class.

Key words
Head and neck neoplasm, Recurrence, Reirradiation, Intensity modulated radiotherapy

Intensity-Modulated Radiotherapy-Based Reirradiation for Head and 
Neck Cancer: A Multi-institutional Study by Korean Radiation Oncology 
Group (KROG 1707)

Jeongshim Lee, MD1

Tae Hyung Kim, MD2

Yeon-Sil Kim, MD, PhD3

Myungsoo Kim, MD, PhD4

Jae Won Park, MD, PhD5

Sung Hyun Kim, MD6

Hyun Ju Kim, MD7

Chang Geol Lee, MD, PhD2

1Department of Radiation Oncology, 
Inha University Hospital, Inha University 
College of Medicine, Incheon, 2Department of 
Radiation Oncology, Yonsei University 
College of Medicine, Seoul, 3Department of 
Radiation Oncology, St. Mary’s Hospital, 
College of Medicine, The Catholic University 
of Korea, Seoul, 4Department of Radiation 
Oncology, Incheon St. Mary’s Hospital, 
College of Medicine, The Catholic University 
of Korea, Seoul, 5Department of Radiation  
Oncology, Yeungnam University Medical 
Center, Yeungnam University College of 
Medicine, Daegu, 6Department of Radiation  
Oncology, Wonju Severance Christian 
Hospital, Yonsei University Wonju College of 
Medicine, Wonju, 7Department of Radiation 
Oncology, Gachon University Gil Medical 
Center, Incheon, Korea

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

Correspondence: Chang Geol Lee, MD, PhD
Department of Radiation Oncology, 
Yonsei University College of Medicine, 
50 Yonsei-ro, Seodaemun-gu, Seoul 03722, Korea
Tel: 82-2-2228-8114  
Fax: 82-2-312-9033 
E-mail: cglee1023@yuhs.ac

Received  April 14, 2020
Accepted  July 6, 2020
Published Online  July 7, 2020

Open Access

Introduction

Despite aggressive multidisciplinary management includ-
ing radiotherapy (RT), up to half of patients with locally  
advanced head and neck cancer (HNC) experience locore-
gional recurrence [1-3]. Although surgery was the best sal-

vage therapy option for such patients, only a few patients 
could be candidates for surgical resection due to unresectabil-
ity or inoperability associated with poor performance func-
tions and their comorbidities [4,5]. Thus, for these patients, 
reirradiation has been considered as a salvage therapy to  
improve outcomes, although the concern of severe toxicity 
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following reirradiation has remained [6].
With the widespread adoption of conformal RT techniques 

such as intensity-modulated RT (IMRT) and volume-modu-
lated arc therapy, the therapeutic ratio of reirradiation may 
have increased owing to the advanced technique using mul-
tiple small beamlets, which have an accurate target system 
for irregularly shaped tumors while simultaneously avoiding 
normal tissue [7,8]. Therefore, reirradiation in the modern  
advanced RT era has led to the expectation that the efficacy 
after reirradiation would be improved [9], and it has contrib-
uted to the frequent application of reirradiation using IMRT 
in clinical practice [10-12].

However, the efficacy of reirradiation in the IMRT era still 
remains unclear. In particular, difficulties associated with the 
selection of patients who would benefit from reirradiation 
and the potential for lethal toxicity following reirradiation are 
barriers to performing reirradiation. Therefore, we conducted 
a multi-institutional study to describe the efficacy of IMRT-
based reirradiation for recurrent or second primary HNC 
(RSPHNC) and to identify prognostic factors for which the 
benefit of reirradiation appears favorable. We also sought to 
externally validate the recursive partitioning analysis (RPA) 
published by the Multi-Institution Reirradiation (MIRI) Col-
laborative [13].

 

Materials and Methods

1. Study design
We performed a multicenter, retrospective cohort study 

to assess the efficacy of IMRT-based reirradiation for HNC. 
The eligibility criteria were as follows: (1) adult patients  
(≥ 18 years) who had locoregional RSPHNC without distant  
metastasis (M0) based on histologic and/or radiographic  
evidence of progression of the disease treated with IMRT-
based reirradiation from January 1, 2006, to December 31, 
2015; (2) availability of a medical record related to the ini-
tial radiation dose; and (3) patients who previously received  
≥ 40 Gy RT at the reirradiation site. Information on the  
patients’ clinicodemographic characteristics, tumor charac-
teristics, and administered treatments was collected from 
their medical records. All institutions decided on re-irradi-
ation for patients with RSPHNC through each institution’s 
multidisciplinary discussion during a head and neck tumor 
conference, in which an otolaryngologist, radiation oncolo-
gist, medical oncologist, and radiologist participated. Finally, 
118 patients from seven institutions with recurrent (n=109) 
or second primary (n=9) HNC who underwent IMRT-based 
reirradiation were analyzed.  

2. Treatment outcomes and prognostic variables
The primary endpoint was 2-year overall survival (OS) 

rate, and the secondary endpoint was local control (LC) rate. 

OS period was calculated from the time of reirradiation for 
recurrence to the date of death from any cause, and freedom 
from local progression was defined as an absence of disease 
on histologic and radiographic evaluation from the reirradia-
tion. The prognostic factors associated with OS and LC were 
as follows: age, sex, Karnofsky performance status, initial 
subsite, initial histology, surgery at recurrence, tumor size at 
recurrence, interval between RT courses, and organ dysfunc-
tion at reirradiation. In addition, we divided patients into 
prognostic subgroups using the RPA according to the inter-
val between RT courses, resectability, and organ dysfunction 
defined by the MIRI Collaborative [13] and assessed OS by 
class. Additionally, the late toxicity following reirradiation 
was assessed by reviewing medical charts.

3. Statistical analysis
Actuarial estimates for OS and LC were calculated using 

the Kaplan-Meier methods. Log-rank test was used to com-
pare risk factors affecting survival and LC estimates in uni-
variate analysis. A Cox regression model was used to identify 
potential prognostic factors for OS and LC in univariate and 
multivariate analyses. All analyses were performed using 
IBM SPSS ver. 20.0 (IBM Corp., Armonk, NY).

4. Ethical statement
This study was approved by the institutional review 

board of each participating institution. The requirement for 
informed consent was waived. We carried out this research 
according to the principles expressed in the declaration of 
Helsinki. 

Results

1. Patient and treatment characteristics 
The median age when performing IMRT-based reirradia-

tion was 59 years (range, 20 to 90 years). Of the total patients, 
95 patients (80.5%) had squamous cell carcinoma and 82 
patients (69.5%) showed stage III/IV at initial presentation. 
The approach to the RSPHNC consisted of surgery for 40.7% 
(n=48; R0 resection in 29 patients and R1 resection in 19  
patients) and chemotherapy for 72.9% (n=86) of the patients. 
Fractionation of IMRT-based reirradiation was once daily 
for all patients. The treatment volume included focal field 
in 84.7%, which was defined by the gross tumor or surgical 
bed plus a margin of 0.5-1.0 cm, and radical field in 15.3%,  
encompassing the gross tumor or surgical bed with an elective 
high-risk area plus a margin of 0.5-1.0 cm. The median inter-
val period between RT courses was 29.4 months (range, 2.6 to 
293.4 months). The median initial RT total dose, IMRT-based 
reirradiation total dose, and cumulative RT dose were 66 Gy 
(range, 40.0 to 78.6 Gy), 59.4 Gy (range, 36.0 to 75.0 Gy), and 
124.9 Gy (range, 90.0 to 146.3 Gy), respectively. With regard 
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to RPA classes, class I, II, and III accounted for 21.2%, 75.4%, 
and 3.4%, respectively. The baseline characteristics of 118 
patients from seven institutions are summarized in Table 1.  
Furthermore, the baseline characteristics according to each 
institution are shown in S1 Table. 

2. Outcomes and prognostic factors 
The median duration of follow-up after IMRT-based reirra-

diation was 18.5 months (range, 1.4 to 98.0 months). Twenty-
nine patients (24.6%) remained alive at the time of the last  
observation. The median OS duration and 2-year OS rate 
were 20.1 months (range, 16.1 to 24.1 months) and 43.1%, 

Table 1.  Baseline characteristics 

Variable Total (n=118)

Initial presentation
    Age, median (range, yr) 56 (20-83)
    Sex 
        Male 92 (78.0)
        Female 26 (22.0)
    ECOG PS 
        0-1 110 (93.2)
        2-3 8 (6.8)
    Primary subsite 
        Nasopharynx 30 (25.4)
        Oropharynx 15 (12.7)
        Oral cavity 9 (7.6)
        Paranasal sinus/Nasal cavity 23 (19.5)
        Hypopharynx/Larynx 30 (25.4)
        Other (SG, UP) 11 (9.3)
    Histology 
        SCC 95 (80.5)
        Non-SCC 23 (19.5)
    Stage 
        I/II 31 (26.3)
        III 16 (13.6)
        IV 66 (55.9)
        Unevaluable 5 (4.2)
Initial treatment 
    Treatment modality 
        Definitive RT/CRT 52 (44.1)
        Surgery±PORT/CRT 48 (40.7)
        Induction CTx+Definitive RT/CRT 13 (11.0)
        Induction CTx+Surgery±PORT/CRT 3 (2.5)
        Preoperative RT/CRT+Surgery 2 (1.6)
    Initial RT total dose, median (range, Gy) 66.0 (40.0-78.6)
    Initial RT fractional dose,  2.0 (1.2-2.5)
      median (range, Gy)
Second presentation 
    Age, median (range, yr) 59 (20-90)
        < 60 63 (53.4)
        ≥ 60 55 (46.6)
    ECOG PS 
        0-1 105.0 (89.0)
        2-3 13.0 (11.0)
    Presentation type 
        Recurrent  109 (92.4)
        SP 9 (7.6)
    rStage 
        rT0Nany 25 (21.2)
        rT1Nany 13 (11.0)
        rT2Nany 11 (9.3)
        rT3Nany 19 (16.1)
        rT4Nany 50 (42.4)

(Continued)

Table 1. Continued

Variable Total (n=118)

    Failure type
        Local failure 74 (62.7)
        Regional failure 24 (20.3)
        Locoregional failure 20 (16.9)
    Recurrent or SP tumor size (cm) 
        Median, range 3.0 (0.5-11.0)
            < 3 54 (45.8)
            ≥ 3 64 (54.2)
    No. of recurrent or SP tumor 
        1 72 (61.0)
        ≥ 2 46 (39.0)
    Pre-existing organ dysfunction 
        No 110 (93.2)
        Yesa) 8 (6.8)
    RPA classb) 
        Class I 25 (21.2)
        Class II 89 (75.4)
        Class III 4 (3.4)
Second treatment 
    Salvage surgery 
        No 70 (59.3)
        Yesc) 48 (40.7)
    Chemotherapy 
        No 32 (27.1)
        Yes 86 (72.9)
    Reirradiation total dose (Gy) 
        Median (range) 59.4 (36.0-75.0)
        < 60 60 (50.8)
        ≥ 60 58 (49.2)
    Reirradiation fractional dose,  2.1 (1.8-4.0)
      median (range, Gy)
    Treatment volume of reirradiationd) 
        Focal field 100 (84.7)
        Radical field 18 (15.3)
    Cumulative RT dose,  124.9 (90.0-146.3)
       median (range, Gy)

(Continued to the next page)
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respectively (Fig. 1). The Kaplan-Meier curve of factors  
related to OS after reirradiation identified primary subsites 
(p < 0.001) (Fig. 2A), RSPHNC tumor size (p < 0.001) (Fig. 
2B), number of RSPHNC (p=0.041), interval between RT 
courses (p=0.007) (Fig. 2C), and performance of salvage sur-
gery for RSPHNC (p=0.002) (Fig. 2D) as significant factors. 
In a multivariate stepwise Cox regression model analysis, 
primary subsites (non-hypopharynx/larynx/oral cavity vs. 
hypopharynx/larynx/oral cavity; hazard ratio [HR], 0.457; 
p=0.001), tumor size of RSPHNC (≥ 3 cm vs. < 3 cm; HR, 
2.119; p=0.001), interval between RT courses (≥ 24 months vs. 
< 24 months; HR, 0.460; p < 0.001), and salvage surgery (yes 
vs. no; HR, 0.586; p=0.023) were confirmed as independent 
prognostic factors affecting OS. All results from the univari-
ate and multivariate Cox regression analyses related to OS 
are shown in Table 2.

Local progression within the reirradiation field was devel-
oped in 50 patients (42.4%). The median time to local failure 
and 2-year LC rate were 28.9 months (range, 8.23 to 49.57 
months) and 53.5%, respectively (Fig. 1). Both univariate and 
multivariate Cox regression models revealed that the inter-
val between RT courses (p=0.078 and p=0.011, respectively) 
and performance of salvage surgery for RSPHNC (p=0.026 
and p=0.042, respectively) were significant prognostic factors 
associated with LC (Table 2). Fig. 3A and Fig. 3B show the 
Kaplan-Meier LC curve according to the interval between 
RT courses (p=0.074) and performance of salvage surgery 
(p=0.023), respectively.

3. Survival validation according to MIRI RPA
We classified the patients into three prognostic classes ac-

cording to the time interval between RT courses (< 2 years vs. 
≥ 2 years), resectability (resected vs. unresected), and organ 
dysfunction (yes vs. no), as follows: those with interval > 2 
years between RT courses with resected tumors (class I, n=25), 
those with interval > 2 years between RT courses with unre-
sected tumors or with interval ≤ 2 years between RT courses 
without organ dysfunction (class II, n=89), and those with  
interval ≤ 2 years between RT courses with organ dysfunc-
tion (class III, n=4). The 2-year OS of each RPA class was 
65.5% in class I, 38.0% in class II, and 25.0% in class III and 
was statistically significant (p=0.001) (Fig. 2D). 

4. Toxicity
During IMRT-based reirradiation, no severe acute toxicity 

was recorded. At a median of 18.5 months after retreatment, 
grade ≥ 3 toxicity developed in 10 patients (8.5%), which 
consisted of grade 3 mucositis (n=2), interorgan fistula (n=4), 
dysphagia (n=2), and osteoradionecrosis (n=1) and grade 5 
carotid blowout (n=1). With respect to organ dysfunction, 6 
patients (5.1%) were tracheostomy-dependent, while 5 pati-
ents (4.2%) were feeding tube-dependent (Table 3). 

Discussion

Our multi-center cohort study showed a 2-year OS of 43.1% 
and a 2-year LC of 53.5% after IMRT-based reirradiation for 
RSPHNC. The RSPHNC patients with small size tumors, a 
resectable status, and long interval between RT courses had a 
significantly better survival than their counterparts. We also 
validated the MIRI RPA classification by showing that RPA 
class I had a higher OS than class II or III. Regarding LC, we 
identified the independent impact of the interval between RT 
courses and performance of salvage surgery.

Previously published literature on IMRT for HNC repor-
ted that IMRT provides better oncologic outcomes and less 
toxicities than conventional RT [14,15]. Extending that view-

Fig. 1.  Kaplan-Meier curve of overall survival and local control 
rates.
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Table 1.  Continued

Variable Total (n=118)

    Interval between RT courses (mo) 
        Median (range) 29.4 (2.6-293.4)
        < 24 52 (44.1)
        ≥ 24 66 (55.9)
ECOG PS, Eastern Cooperative Oncology Group performance 
status; SG, salivary gland; UP, unknown primary; SCC, squamous  
cell carcinoma; RT, radiotherapy; CRT, chemoradiotherapy; PORT,  
postoperative radiotherapy; CTx, chemotherapy; SP, second pri-
mary; rStage, recurrent tumor and nodal stage; RPA, recursive 
partitioning analysis. a)Tracheostomy (n=6, 5.2%) or feeding 
tube dependence (n=2, 1.6%) prior to re-irradiation, b)Prognostic 
groups associated with overall survival according to RPA defined 
by the Multi-Institution Reirradiation (MIRI) Collaborative, c)Sal-
vage surgery was performed in R0 resection for 29 patients and 
R1 resection for 19 patients, d)Focal field included the gross tumor 
or surgical bed plus margin of 0.5-1.0 cm, whereas radical field 
encompassed the gross tumor or surgical bed with elective high 
risk area plus margin of 0.5-1.0 cm.  
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point for RSPHNC patients, survival after IMRT-based reirra-
diation showed an improvement compared to conventional 
conformal reirradiation. The landmark prospective reirradia-
tion trials in the pre-IMRT era including RTOG 9610 [16] and 
RTOG 9911 [17] reported that the 2-year OS ranged from 15% 
to 25% in patients who did not undergo salvage surgery. On 
the contrary, the MIRI group representatively showed an OS 
rate of 40% at 2 years following reirradiation of HNC in the 
IMRT era, which was 45% for postoperative patients and 36% 
for definitive patients [13]. Additionally, the Italy head and 
neck working group reported excellent outcomes of 44% OS 

at 5-year after reirradiation using advanced RT [18]. Of note, 
the current study showed that OS at 2 years was 43%, which 
was consistent with the abovementioned studies invol- 
ving IMRT-based reirradiation. The favorable OS in our 
study could have resulted not only from this modern advan- 
ced RT technique but also from the high proportion of  
patients in RPA class I and II (96%), those who underwent 
salvage surgery (41%), those with a longer interval RT course 
application (56%), and those with no organ dysfunction at 
reirradiation (93%). 

Specifically, our data supported that salvage surgery in 

Fig. 2.  Kaplan-Meier curve of overall survival rate according to primary subsite (A), tumor size of recurrent or second primary tumor 
(B), interval between radiotherapy (RT) courses (C), salvage surgery (D), and recursive partitioning analysis (RPA) classes defined by the 
Multi-Institution Reirradiation Collaborative (E).

Ov
er

al
l s

ur
vi

va
l

Time (mo)

0

0.4

1.0

0.8

0.6

0.2

0 30 3618126 24

Larynx/HPX/OC
Non-larynx/HPX/OC

Primary site
A

p < 0.001

Class 1
Class 2
Class 3

Ov
er

al
l s

ur
vi

va
l

Time (mo)

0

0.4

1.0

0.8

0.6

0.2

0 30 3618126 24

< 3 cm
≥ 3 cm

Recurrent or second 
primary tumor size

B

p < 0.001

Ov
er

al
l s

ur
vi

va
l

Time (mo)

0

0.4

1.0

0.8

0.6

0.2

0 30 3618126 24

< 24 mo
≥ 24 mo

Interval between
RT courses

C

p=0.007

Ov
er

al
l s

ur
vi

va
l

Time (mo)

0

0.4

1.0

0.8

0.6

0.2

0 30 3618126 24

No surgery
Surgery

Salvage surgery
D

p=0.002

Ov
er

al
l s

ur
vi

va
l

Time (mo)

0

0.4

1.0

0.8

0.6

0.2

0 30 3618126 24

RPA classes
E

p=0.001

VOLUME 52 NUMBER 4 OCTOBER 2020     1035



Cancer Res Treat. 2020;52(4):1031-1040

Ta
bl

e 
2.

  U
ni

va
ria

te
 a

nd
 m

ul
tiv

ar
ia

te
 a

na
ly

sis
 a

ffe
ct

in
g 

LC
 w

ith
in

 re
irr

ad
ia

tio
n 

fie
ld

 a
nd

 O
S

 
 

   
   

   
   

   
   

   
   

O
S 

 
 

 
   

   
   

   
   

   
   

  L
C

Va
ri

ab
le

 
   

   
   

   
   

   
   

  U
VA

 
 

   
   

   
   

   
   

  M
VA

a)
 

 
   

   
   

   
   

   
   

U
VA

 
 

   
   

   
   

   
   

   
M

VA
a)

 
H

R
 (9

5%
 C

I)
 

p-
va

lu
e 

H
R

 (9
5%

 C
I)

 
p-

va
lu

e 
H

R
 (9

5%
 C

I)
 

p-
va

lu
e 

H
R

 (9
5%

 C
I)

 
p-

va
lu

e
A

ge
 a

t r
ei

rr
ad

ia
tio

n 
(y

r)
   

 <
 6

0 
Re

fe
re

nc
e 

0.
08

9 
- 

- 
Re

fe
re

nc
e 

0.
49

4 
- 

-
   

 ≥
 6

0 
1.

43
8 

(0
.9

47
-2

.1
83

) 
 

- 
 

1.
21

4 
(0

.6
96

-2
.11

8)
 

 
- 

Se
x 

 
 

 
 

 
 

 
 

   
 M

al
e 

Re
fe

re
nc

e 
0.

67
3 

- 
- 

Re
fe

re
nc

e 
0.

53
8 

Re
fe

re
nc

e 
0.

08
7

   
 F

em
al

e 
0.

89
7 

(0
.5

40
-1

.4
90

) 
 

- 
 

1.
22

7 
(0

.6
41

-2
.3

48
) 

 
1.

84
5 

(0
.9

15
-3

.7
22

) 
H

is
to

lo
gy

 
 

 
 

 
 

 
 

 
   

 S
CC

 
Re

fe
re

nc
e 

0.
13

7 
- 

- 
Re

fe
re

nc
e 

0.
85

1 
- 

-
   

 N
on

-S
CC

 
0.

65
5 

(0
.3

75
-1

.1
44

) 
 

- 
 

0.
93

6 
(0

.4
67

-1
.8

73
) 

 
- 

Pr
im

ar
y 

su
bs

ite
 

 
 

 
 

 
 

 
 

   
 H

yp
op

ha
ry

nx
/L

ar
yn

x/
O

ra
l c

av
ity

 
Re

fe
re

nc
e 

0.
00

1 
Re

fe
re

nc
e 

0.
00

1 
Re

fe
re

nc
e 

0.
40

3 
- 

-
   

 N
on

-h
yp

op
ha

ry
nx

/L
ar

yn
x/

O
ra

l c
av

ity
 

0.
46

3 
(0

.2
98

-0
.7

22
) 

 
0.

45
7 

(0
.2

94
-0

.7
11

) 
 

0.
76

2 
(0

.4
03

-1
.4

40
) 

 
- 

Pr
es

en
ta

tio
n 

ty
pe

 
 

 
 

 
 

 
 

 
   

 R
ec

ur
re

nt
  

Re
fe

re
nc

e 
0.

06
8 

- 
- 

Re
fe

re
nc

e 
0.

55
0 

- 
-

   
 S

ec
on

d 
pr

im
ar

y 
0.

42
9 

(0
.1

73
-1

.0
63

) 
 

- 
 

0.
73

0 
(0

.2
60

-2
.0

48
) 

 
- 

Fa
ilu

re
 ty

pe
 

 
 

 
 

 
 

 
 

   
 L

oc
al

 fa
ilu

re
 

Re
fe

re
nc

e 
0.

62
9 

- 
- 

Re
fe

re
nc

e 
0.

29
5 

Re
fe

re
nc

e 
0.

23
1

   
 R

eg
io

na
l f

ai
lu

re
 

1.
12

9 
(0

.6
63

-1
.9

24
) 

0.
65

4 
- 

- 
0.

80
4 

(0
.3

69
-1

.7
50

) 
0.

58
2 

0.
66

9 
(0

.2
85

-1
.5

70
) 

0.
35

6
   

 L
oc

or
eg

io
na

l f
ai

lu
re

 
1.

30
5 

(0
.7

47
-2

.2
80

) 
0.

35
0 

- 
- 

1.
57

8 
(0

.7
92

-3
.1

44
) 

0.
19

5 
1.

60
3 

(0
.6

70
-3

.8
34

) 
0.

28
9

R
ec

ur
re

nt
 o

r S
P 

tu
m

or
 si

ze
 (c

m
) 

 
 

 
 

 
 

 
 

   
 <

 3
 

Re
fe

re
nc

e 
0.

00
1 

Re
fe

re
nc

e 
0.

00
1 

Re
fe

re
nc

e 
0.

20
4 

- 
-

   
 ≥

 3
 

2.
21

3 
(1

.3
77

-3
.2

75
) 

 
2.

11
9 

(1
.3

45
-3

.3
39

) 
 

1.
44

4 
(0

.8
19

-2
.5

45
) 

 
- 

N
o.

 o
f r

ec
ur

re
nt

 o
r S

P 
tu

m
or

s 
 

 
 

 
 

 
 

 
   

 1
 

Re
fe

re
nc

e 
0.

04
3 

- 
- 

Re
fe

re
nc

e 
0.

36
2 

- 
-

   
 ≥

 2
 

1.
54

2 
(1

.0
13

-2
.3

46
) 

 
- 

 
1.

30
2 

(0
.7

38
-2

.2
97

) 
 

- 
O

rg
an

 d
ys

fu
nc

tio
n 

 
 

 
 

 
 

 
 

   
 N

o 
Re

fe
re

nc
e 

0.
11

0 
- 

- 
Re

fe
re

nc
e 

0.
64

9 
- 

-
   

 Y
es

 
1.

88
7 

(0
.8

66
-4

.11
1)

 
 

- 
 

0.
71

9 
(0

.1
73

-2
.9

78
) 

 
- 

In
te

rv
al

 b
et

w
ee

n 
RT

 co
ur

se
s (

m
o)

 
 

 
 

 
 

 
 

 
   

 <
 2

4 
Re

fe
re

nc
e 

0.
00

8 
Re

fe
re

nc
e 

< 
0.

00
1 

Re
fe

re
nc

e 
0.

07
8 

Re
fe

re
nc

e 
0.

01
1

   
 ≥

 2
4 

0.
56

9 
(0

.3
75

-0
.8

65
) 

 
0.

46
0 

(0
.3

00
-0

.7
05

) 
 

0.
60

5 
(0

.3
46

-1
.0

57
) 

 
0.

45
8 

(0
.2

50
-0

.8
37

) 
R

ei
rr

ad
ia

tio
n 

do
se

 (G
y)

 
 

 
 

 
 

 
 

 
   

 <
 6

0 
Re

fe
re

nc
e 

0.
81

5 
- 

- 
Re

fe
re

nc
e 

0.
96

5 
- 

-
   

 ≥
 6

0 
0.

95
2 

(0
.6

28
-1

.4
43

) 
 

- 
 

0.
98

8 
(0

.5
67

-1
.7

20
) 

 
- 

(C
on

tin
ue

d 
to

 th
e n

ex
t p

ag
e)

1036     CANCER  RESEARCH  AND  TREATMENT



Jeongshim Lee, Reirradiation for Head and Neck Cancer

Ta
bl

e 
2.

  C
on

tin
ue

d

 
 

   
   

   
   

   
   

   
   

O
S 

 
 

 
   

   
   

   
   

   
   

  L
C

Va
ri

ab
le

 
   

   
   

   
   

   
   

  U
VA

 
 

   
   

   
   

   
   

  M
VA

a)
 

 
   

   
   

   
   

   
   

U
VA

 
 

   
   

   
   

   
   

   
M

VA
a)

 
H

R
 (9

5%
 C

I)
 

p-
va

lu
e 

H
R

 (9
5%

 C
I)

 
p-

va
lu

e 
H

R
 (9

5%
 C

I)
 

p-
va

lu
e 

H
R

 (9
5%

 C
I)

 
p-

va
lu

e
Tr

ea
tm

en
t v

ol
um

e 
of

 re
ir

ra
di

at
io

n
   

 F
oc

al
 fi

el
d 

Re
fe

re
nc

e 
0.

61
6 

- 
- 

Re
fe

re
nc

e 
0.

14
6 

Re
fe

re
nc

e 
0.

06
3

   
 R

ad
ic

al
 fi

el
d 

0.
86

4 
(0

.4
88

-1
.5

30
) 

 
- 

 
0.

50
4 

(0
.2

00
-1

.2
70

) 
 

0.
39

4 
(0

.1
48

-1
.0

50
) 

Sa
lv

ag
e 

su
rg

er
y 

 
 

 
 

 
 

 
 

   
 N

o 
Re

fe
re

nc
e 

0.
00

2 
Re

fe
re

nc
e 

0.
02

3 
Re

fe
re

nc
e 

0.
02

6 
Re

fe
re

nc
e 

0.
04

2
   

 Y
es

 
0.

49
7 

(0
.3

19
-0

.7
76

) 
 

0.
58

6 
(0

.3
69

-0
.9

30
) 

 
0.

50
6 

(0
.2

78
-0

.9
22

) 
 

0.
52

5 
(0

.2
82

-0
.9

77
) 

C
he

m
ot

he
ra

py
 

 
 

 
 

 
 

 
 

   
 N

o 
Re

fe
re

nc
e 

0.
15

9 
- 

- 
Re

fe
re

nc
e 

0.
90

2 
- 

-
   

 Y
es

 
1.

42
4 

(0
.8

71
-2

.3
27

) 
 

- 
 

1.
04

0 
(0

.5
61

-1
.9

29
) 

 
- 

M
IR

I R
PA

 cl
as

sb)
 

 
 

 
 

 
 

 
 

   
 C

la
ss

 I 
Re

fe
re

nc
e 

0.
00

3 
- 

- 
- 

- 
- 

-
   

 C
la

ss
 II

 
2.

62
9 

(1
.4

19
-4

.8
69

) 
0.

00
2 

- 
- 

- 
- 

- 
-

   
 C

la
ss

 II
I 

  5
.2

59
 (1

.6
77

-1
6.

48
8)

 
0.

00
4 

- 
- 

- 
- 

- 
-

LC
, l

oc
al

 c
on

tro
l; 

O
S,

 o
ve

ra
ll 

su
rv

iv
al

; U
VA

, u
ni

va
ria

te
 a

na
ly

sis
; M

VA
, m

ul
tiv

ar
ia

te
 a

na
ly

sis
; H

R,
 h

az
ar

ds
 ra

tio
; C

I, 
co

nfi
de

nc
e 

in
te

rv
al

; S
CC

, s
qu

am
ou

s c
el

l c
ar

cin
om

a;
 S

P, 
se

co
nd

 p
ri-

m
ar

y;
 R

T,
 ra

di
ot

he
ra

py
; R

PA
, r

ec
ur

siv
e p

ar
tit

io
ni

ng
 a

na
ly

sis
. a)

A
ll 

va
ria

bl
es

 (e
xc

ep
t R

PA
 cl

as
s)

 w
er

e a
na

ly
ze

d 
us

in
g 

th
e b

in
ar

y 
Co

x 
re

gr
es

sio
n 

m
od

el
 w

ith
 a

 b
ac

kw
ar

d 
st

ep
w

ise
 m

et
ho

d 
if 

 
p 

≤ 
0.

10
, a

nd
 th

ey
 w

er
e r

em
ov

ed
 w

he
n 

p 
> 

0.
10

, b)
Pr

og
no

st
ic 

gr
ou

ps
 d

efi
ne

d 
ac

co
rd

in
g 

to
 R

PA
 re

po
rte

d 
by

 th
e M

ul
ti-

In
st

itu
tio

n 
Re

irr
ad

ia
tio

n 
(M

IR
I) 

Co
lla

bo
ra

tiv
e.

VOLUME 52 NUMBER 4 OCTOBER 2020     1037



Cancer Res Treat. 2020;52(4):1031-1040

conjunction with IMRT reirradiation for RSPHNC improved 
OS and LC [13,19]. Surgical resection of RSPHNC could be 
an important factor considering that RSPHNC was gener-
ated from radioresistant clonogens after initial chemoradia-
tion [20,21]. Finally, removing macroscopic tumors is a way 
to enhance retreatment effectiveness owing to the limited 
dose of IMRT-based reirradiation for gross tumors since the 
adjacent organ around the tumor was already irradiated 
with a high dose during previous RT. It was suggested that 
when patients with RSPHNC expected medically operable 
and convincing problem, salvage surgery should be encour-
aged cautiously. The higher LC and OS were the result of the 
longer interval between RT courses. The appropriate time 
interval between RT treatments for performing reirradia-
tion is not established, although it depends on the relation 
between previous the irradiated dose to organs at risk and its 
tolerance dose associated with normal tissue damage repair 
[22,23]. Previous studies reported that a longer interval from 
the previous RT course contributed to improved outcomes 
[13,21,24,25]. This was explained by the fact that, the longer 
the interval between RT treatments, the greater the likeli-
hood of LC and the lesser the aggressiveness of recurrent dis-
ease. It is noteworthy that in our patient population, organ 
dysfunction was not a part of prognostic factors affecting OS 
since we had only 6.8% of all patients with organ dysfunc-
tion. It shows that there was a bias in patient selection for 
reirradiation at each institution. It could be presumed that a 
patient without organ dysfunction was selected for retreat-
ment with IMRT-based reirradiation.

We validated the MIRI RPA classification for the whole 
patients’ population. The RPA classification differentiated 
the survival between class I and II/II. This difference was 
statistically significant. MIRI RPA class I cohort (66%) had a 
superior 2-year OS than class II and III (38% and 25%, respec-
tively) cohorts. MIRI RPA class I might be the ideal subgroup 
who should undergo the active salvage treatment including 
IMRT reirradiation and/or surgical resection [13]. We found 
that the proposed RPA model might be applicable for our 

RSPHNC patient population and may help in patient selec-
tion for retreatment.

Reirradiation for RSPHNC is a challenging issue owing to 
an increased risk of severe toxicities including fatality [23]. 
The rate of severe and fatal late toxicity in these cohorts was 
8.5% and 0.8%, respectively, whereas previous prospective 
studies reported the severe toxicity ranging from 22% to 34% 
and fatality rates of 3.6% to 7.6%, respectively [16,17]. The 
amelioration of safety was likely attributed to not only the 
intensity-modulated technique, but also the conservative 
patient selection criteria of each institution prior to embark-
ing the reirradiation course. The MIRI Collaborative group 
reported that in the modern reirradiation era, the risk of pro-
gression or death (64%) is four times the incidence of severe 
late toxicity following reirradiation (17%) [26]. Such risk of 
late toxicity was more dependent on patient or disease fac-
tors than treatment factors. This implied that future research 
related to patient selection benefiting from reirradiation is 
needed to elicit the effectiveness of reirradiation using mod-
ern technology including IMRT.

Fig. 3.  Kaplan-Meier curve of local control rate according to interval between radiotherapy (RT) courses (A) and salvage surgery (B).
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Table 3.  Incidence of severe toxicity and organ dysfunction sta-
tus following IMRT-based reirradiation

Variable No. (%)

Grade ≥ 3 toxicity 10 (8.5)
    Grade 3 
        Mucositis 2 (1.7)
        Interorgan fistula 4 (3.4)
        Dysphagia 2 (1.7)
        Osteoradionecrosis 1 (0.8)
    Grade 5 
        Carotid blowout 1 (0.8)
Organ dysfunction 11 (9.3)
    Tracheostomy 6 (5.1)
    Feeding tube dependence  5 (4.2)
IMRT, intensity-modulated radiotherapy. 

1038     CANCER  RESEARCH  AND  TREATMENT



Jeongshim Lee, Reirradiation for Head and Neck Cancer

This current study has many limitations. The dominant 
weakness is in its retrospective nature and a heterogeneous 
population from multi-centers. Our cohort had various fea-
tures in terms of patient selection and treatment character-
istics according to the physician’s discretion. Further, other 
limitations were the small number of patients from each cen-
ter, which originated from the restriction of the cohort enroll-
ment period, and the inherent limitations of IMRT. We did 
not identify the prognostic impact of human papillomavirus 
(HPV) in patients [27], especially those with oropharyngeal 
cancer undergoing reirradiation due to the availability of the 
HPV status of only 10 patients.

In conclusion, our multi-institutional study showed that 
IMRT-based reirradiation with a median dose of 60 Gy con-
tributed to increased OS for patients with RSPHNC and 
had acceptable complications. Given the restricted salvage  
options, it could be considered an effective treatment for 

RSPHNC patients, especially those with small resectable  
tumors and a long interval between RT courses. Addition-
ally, our cohort confirmed the prognostic validity of the sur-
vival rate of the MIRI RPA classification.
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Purpose
The aim of this study is to evaluate the survival rate and prognostic factors of anaplastic 
gliomas according to the 2016 World Health Organization classification, including extent 
of resection (EOR) as measured by contrast-enhanced T1-weighted magnetic resonance 
imaging (MRI) and the T2-weighted MRI. 

Materials and Methods
The records of 113 patients with anaplastic glioma who were newly diagnosed at our 
institute between 2000 and 2013 were retrospectively reviewed. There were 62 cases 
(54.9%) of anaplastic astrocytoma, isocitrate dehydrogenase (IDH) wild-type (AAw), 18 
cases (16.0%) of anaplastic astrocytoma, IDH-mutant, and 33 cases (29.2%) of anaplastic 
oligodendroglioma, IDH-mutant and 1p/19q-codeleted.   

Results
The median overall survival (OS) was 48.4 months in the whole anaplastic glioma group 
and 21.5 months in AAw group. In multivariate analysis, age, preoperative Karnofsky Per-
formance Scale score, O6-methylguanine-DNA methyltransferase (MGMT) methylation sta-
tus, postoperative tumor volume, and EOR measured from the T2 MRI sequence were 
significant prognostic factors. The EOR cut-off point for OS measured in contrast-enhanced 
T1-weighted MRI and T2-weighted MRI were 99.96% and 85.64%, respectively.  

Conclusion
We found that complete resection of the contrast-enhanced portion (99.96%) and more 
than 85.64% resection of the non-enhanced portion of the tumor have prognostic impacts 
on patient survival from anaplastic glioma.    

Key words
Anaplastic glioma, Extent of resection, Survival, Prognosis 

Survival, Prognostic Factors, and Volumetric Analysis of Extent 
of Resection for Anaplastic Gliomas
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Introduction

Anaplastic gliomas, which account for 15%-20% of malig-
nant gliomas [1], have poor prognosis despite modern mul-

timodal treatments. To improve the accuracy of diagnosis 
and treatment, the 2016 World Health Organization (WHO) 
classification changed the three original categories from the 
2007 classification, namely anaplastic astrocytoma, anaplastic 
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oligodendroglioma, and anaplastic oligoastrocytoma. These 
three categories were further subdivided as follows: anaplas- 
tic astrocytoma, isocitrate dehydrogenase (IDH)-mutant 
(AAm); anaplastic astrocytoma, IDH-wildtype (AAw); ana-
plastic astrocytoma, not otherwise specified (NOS); anaplas-
tic oligodendroglioma, IDH-mutant and 1p/19q-codeleted 
(AOmc); anaplastic oligodendroglioma, NOS; and anaplastic 
oligoastrocytoma, NOS [2]. We obtained survival rates accor-
ding to the new classification and examined the associated 
prognostic factors.

Extent of resection (EOR) has been known as an important 
prognosticator in anaplastic gliomas [3,4]. However, many 
studies have focused on only the contrast-enhanced parts of 
tumors observed in T1-weighted magnetic resonance imag-
ing (MRI), despite many cases of anaplastic gliomas that 
are not enhanced or are only partially enhanced in contrast- 
enhanced T1-weighted images. In the present study, we investi- 
gated the tumor volume and EOR in both contrast-enhanced 
T1-weighted MRI and T2-weighted MRI sequences.

The aims of this study were (1) to identify the survival rate 
and prognostic factors in patients with anaplastic gliomas in 
the 2016 WHO classification; (2) to determine whether the 
volumetric measurement of EOR has prognostic value in con-
trast-enhanced T1-weighted MRI and T2-weighted MRI, and 
(3) to determine the prognostically meaningful cut-off value 
of resection volume in each MRI sequence. 

Materials and Methods

1. Patient selection
We performed a retrospective analysis of the medical  

records and MRI features of 113 consecutive patients with 
anaplastic glioma who were newly diagnosed at our institute 
between 2000 and 2013, with neither prior radiotherapy nor 
chemotherapy. We excluded patients with gliomatosis cere-
bri (involving more than three lobes), midline location, and 
malignant transformation of a previously operated low-grade 
glioma. The medical records reviewed included sex, age at first 
diagnosis, preoperative Karnofsky Performance Scale (KPS) 
score, and postoperative treatment (radiotherapy, chemothe- 
rapy) (Table 1).

2. Histopathologic review
We investigated the molecular profiles of all patients inclu-

ding 1p/19q codeletion status, methylation of the O6-methyl-
guanine-DNA methyltransferase (MGMT) promoter and the 
state of IDH mutation. The IDH mutation status was initially 
assessed using immunostaining for the IDH1-R132H muta-
tion. If immunohistochemistry did not show a mutation 
in IDH1-R132H, sequencing of IDH1 codon 123 and IDH2 
codon 172 was performed. The 113 cases (grade III glioma 
based on the 2007 classification) were re-classified using the 

2016 classification system: cases with wild-type IDH were 
classified as AAw, cases with non-codeleted 1p/19q and  
mutated IDH were classified as AAm, and cases with an IDH 
mutation and 1p/19q codeletion were classified as AOmc. 
This re-classification identified 62 cases of AAw, 18 cases of 
AAm, and 33 cases of AOmc. All pathological and molecular 
data were reviewed by a single pathologist (S.H.K.). 

3. Imaging evaluation
MRI sequences, including T2-weighted, fluid-attenuated 

inversion recovery (FLAIR) and contrast-enhanced T1-wei-
ghted, were obtained preoperatively, postoperatively, and at 
regular follow-ups. Two experienced radiologists reviewed 
all patients’ MRI data. Manual segmentation was performed 
to measure the tumor and resection volumes. We used Osi-
riX software (Pixmeo SARL, Bernex, Switzerland) to meas-
ure tumor volumes and EOR. Tumor volume was estimated 
based on the area of increased signal intensity on the con-
trast-enhanced T1-weighted images (enhancing lesions) or 
T2-weighted images (non-enhancing lesions). We tried to 
exclude any regions with cerebral edema on the T2-weighted 
images. The non-enhancing tumor was defined with regions 
of T2 hyperintensity (less than cerebrospinal fluid signal) that 
were associated with mass effect and architectural distortion, 
including blurring of the gray matter/white matter interface. 
Edema needed to be greater in signal than the non-enhanc-
ing tumor and lower than the cerebrospinal fluid on T2. The 
resection extent was calculated using early postoperative 
images (< 48 hours). EOR was calculated with the following 
equation: (preoperative tumor volume–postoperative tumor 
volume)/preoperative tumor volume. With respect to tumor 
location, deep lesions were defined as those that involved the 
brainstem, thalamus, basal ganglia, and the insula; superfi-
cial lesions involved only the cortex outside the insula.

4. Statistical analyses
We analyzed overall survival (OS) and progression-free 

survival (PFS) according to the specific pathology type using 
Kaplan-Meier curves and log-rank tests. To identify factors 
associated with PFS and OS, univariate and a multivariate 
Cox proportional regression analyses with stepwise methods 
(entry and exit criteria of p < 0.05) were performed, using the 
time from surgery to progression or death. Age, preopera-
tive KPS score, tumor volume, and EOR were evaluated as 
continuous variables. OS was defined as the time from sur-
gery to death from any cause or the last follow-up. PFS was 
defined as the time from surgery to the first instance of radio-
logical signs of progression and/or deteriorated neurologi-
cal status or death. We estimated optimal cut-off values for 
the dichotomization of the clinical outcome variable based 
on time-to-event data using the technique devised by Contal 
and O’Quigley [5]. The optimal cut-off point was selected by 
maximizing the hazard ratio. p-value < 0.05 was considered 
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statistically significant. All statistical procedures were per-
formed using SAS for Windows ver. 9.4 (SAS Institute Inc., 
Cary, NC).  

5. Ethical statement
All methods were performed in accordance with the ethi- 

cal guidelines of the 1975 Deceleration of Helsinki, as revi- 
sed in 1983, and was approved by the institutional review  
board of Severance Hospital (Yonsei University Health Sys-
tem, Severance Hospital, 4-2019-0181). The written infor- 
med consent was waived by the institutional review board 
that approved this study’s protocol because all the informa-
tion was tabulated in anonymized and de-identified fashion.

Results

1. Patient characteristics
The clinical information of all 113 patients are listed in  

Table 1, stratified by the 2016 WHO classification. There were 
62 patients (54.9%) in the AAw group, 18 (16.0%) in the AAm 
group, and 33 (29.2%) in the AOmc group. The median age 
at first diagnosis in the whole cohort was 40 years (range, 18 
to 82 years). In total, 102 patients (90.3%) received postop-
erative radiotherapy and 59 (52.2%) received chemotherapy. 
Among the chemotherapy regimens, 15 cases (13.3%) were 
treated with PCV (procarbazine, lomustine, and vincristine) 
and 41 (36.3%) with temozolomide. The postoperative treat-
ment modalities are also presented in Table 1. MGMT pro-
moter methylation was detected in 64 cases (56.6%) of the 

Table 1.  Baseline patient characteristics

 AAw AAm AOmc Total

No. of patients 62 (54.9) 18 (16.0) 33 (29.2) 113 (100)
Age, median (range, yr) 48 (18-82) 36 (18-71) 45 (24-76) 40 (18-82)
Sex, female/male 27/35 8/10 14/19 49/64
Preoperative KPS, median (range) 80 (40-90) 80 (80-90) 80 (70-100) 80 (40-100)
Postoperative treatment    
    CCRT 5 (4.4) 1 (0.9) 0 ( 6 (5.3)
    CCRT → CT 15 (13.3) 1 (0.9) 9 (8.0) 25 (22.1)
    RT → CT 12 (10.6) 7 (6.2) 9 (8.0) 28 (24.8)
    RT 20 (17.7) 8 (7.1) 15 (13.3) 43 (38.1)
    None 4 (3.5) 0 ( 0 ( 4 (3.5)
    Unknown 6 (5.3) 1 (0.9) 0 ( 7 (6.2)
Chemotherapy regimen    
    PCV 9 (8.0) 1 (0.9) 5 (4.4) 15 (13.3)
    TMZ 21 (18.6) 8 (7.1) 12 (10.6) 41 (36.3)
    Othersa) 2 (1.8) 0 ( 1 (0.9) 3 (2.7)
MGMT promoter status    
    Methylated 20 (17.7) 15 (13.3) 29 (25.7) 64 (56.6)
    Unmethylated 41 (36.3) 3 (2.7) 4 (3.5) 48 (42.5)
    Missing 1 (0.9) 0 ( 0 ( 1 (0.9)
Tumor location    
    Deep 24 (21.2) 4 (3.5) 5 (4.4) 33 (29.2)
    Superficial 32 (28.3) 12 (10.6) 26 (23.0) 70 (61.9)
Volumetric analysis, mean (range)    
    Preoperative (T1CE, cm3) 14.6 (0.0-117.8) 3.2 (0.0-14.8) 18.0 (0-112.2) 13.8 (0.0-117.8)
    Preoperative (T2, cm3) 48.7 (0.8-197.2) 83.9 (13.5-232.9) 87.1 (6.2-212.3) 51.6 (0.8-232.9)
    Postoperative (T1CE, cm3) 2.62 (0-24.4) 0.0 (0-0) 0.1 (0-2.5) 1.0 (0-24.4)
    Postoperative (T2, cm3) 19.3 (0-166.5) 4.9 (0.7-27.3) 4.3 (0-26.9) 9.9 (0-166.5)
    Extent of resection (T1CE, %) 81.5 (0-100) 100.0 (100-100) 95.9 (41.2-100) 90.6 (0-100)
    Extent of resection (T2, %) 75.4 (0-100) 92.5 (52.7-100) 95.4 (76.5-100) 87.4 (0-100)
Values are presented as number (%) unless otherwise indicated. AAw, anaplastic astrocytoma, IDH-wildtype; AAm, anaplastic astrocytoma, 
IDH-mutant; AOmc, anaplastic oligodendroglioma, IDH-mutant, and 1p/19q-codeleted; KPS, Karnofsky Performance Scale; CCRT, concur-
rent chemo-radiation therapy; CT, chemotherapy; RT, radiation therapy; PCV, procarbazine, lomustine, and vincristine; TMZ, temozolo-
mide; MGMT, O6-methylguanine-DNA methyltransferase; T1CE, T1-weighted contrast-enhanced magnetic resonance imaging (MRI); T2, 
T2-weighted MRI. a)Others included fluorouracil +carboplatin, vincristine, and lomustine.
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whole cohort, 20 cases (17.7%) in the AAw subgroup, 15  
cases (13.3%) in the AAm subgroup, and 29 cases (25.7%) in 
the AOmc subgroup.

2. Volumetric analysis
The mean tumor volumes in the contrast-enhanced T1-

weighted and T2-weighted MRI sequences were respectively 
13.8 cm3 (range, 0.0 to 117.8 cm3) and 51.6 cm3 (range, 0.8 
to 232.9 cm3) preoperatively, and 1.0 cm3 (range, 0.0 to 24.4 
cm3) and 9.9 cm3 (range, 0.0 to 166.5 cm3) postoperatively. 
The EOR measured in contrast-enhanced T1-weighted MRI 
(EOR-T1CE) was 90.6% (range, 0% to 100%), while it was 
87.4% (0.0%-100%) in the T2-weighted MRI sequence. In our 
study biopsies were performed in 25 patients (22.1%). 

3. Survival
After a median follow-up period of 66.1 months, the  

median OS was 48.4 months (95% confidence interval [CI], 
15.1 to 81.7) for all patients and 21.5 months (95% CI, 17.2 to 

25.8) in the AAw subgroup (Table 2, Fig. 1). The median OS 
was not reached in the other subgroups since more than half 
of the patients were still alive at the last follow-up. OS values 
for years 1-5 are presented in Table 2. PFS was 31.8 months 
(95% CI, 17.6 to 46.2) for all patients, 16.4 months (95% CI, 
12.6 to 21.0) in the AAw subgroup, and 130.0 months (95% 
CI, 0.0 to 269.8) in the AOmc subgroup (Table 2, Fig. 2). PFS 
values for years 1-5 are presented in Table 2.  

4. Prognostic factors
In univariate analysis, age, preoperative KPS score, tumor 

location, MGMT methylation status, postoperative residual 
tumor volume measured in contrast-enhanced T1-weight-
ed MRI (RTV-T1CE), postoperative residual tumor volume 
measured in T2-weighted MRI (RTV-T2), EOR-T1CE, and 
EOR measured in T2-weighted MRI (EOR-T2) were statisti-
cally significant prognostic factors for OS and PFS (Table 3). 

In the multivariate analysis, age, preoperative KPS, MGMT 
methylation status, RTV-T1CE, RTV-T2 and EOR-T2 were 

Table 2.  Overall survival (OS) and progression-free survival (PFS)

Group Median (mo)
   Survival rate (%)

  1-Year  2-Year  3-Year  4-Year  5-Year 

OS  
    GIII all   48.4 84.8 64.9 55.6 50.7 45.3
    AAw   21.5 74.1 64.0 46.6 28.3 14.4
    AAm n.r. 69.3 55.4 55.4 55.4 55.4
    AOmc n.r. 96.3 85.9 85.9 85.9 85.9
PFS      
    GIII all   31.8 76.7 58.7 49.2 43.1 41.8
    AAw   16.4 80.6 64.5 45.7 25.8   9.0
    AAm n.r. 88.9 83.0 83.0 62.2 62.2
    AOmc 130.0 96.4 92.4 82.6 82.6 82.6
GIII, grade III glioma; AAw, anaplastic astrocytoma, IDH-wildtype; AAm, anaplastic astrocytoma, IDH-mutant; n.r., not reached; AOmc, 
anaplastic oligodendroglioma, IDH-mutant and 1p/19q-codeleted.

Fig. 1.  Overall survival. (A) Kaplan-Meier representation of overall survival time for the entire group of 113 patients. (B) Kaplan-Meier 
representation of overall survival time for the AAw, AAm, AOmc each group. AAm, anaplastic astrocytoma, IDH-mutant; AAw, anaplastic 
astrocytoma, IDH-wildtype; AOmc, anaplastic oligodendroglioma, IDH-mutant and 1p/19q-codeleted; GIII, grade III glioma.
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also statistically significant prognostic factor for OS, while 
age, MGMT methylation status, RTV-T1CE, RTV-T2, and 
EOR-T2 were statistically significant prognostic factors for 
PFS (Table 4).  

5. Cut-off value of EOR
In cut-off value analysis using the Contal and O’Quigley 

method, age < 51 years, complete resection of the enhanced 
portion (99.96%), and more than 85.64% resection of the non- 
enhanced tumor portion showed prognostic impacts on 
OS in patients with anaplastic gliomas (Table 5, Fig. 3). As 
for PFS, age < 55 years, 72.73% resection of the contrast- 
enhanced portion, and 84.88% resection of the non-enhanced 
tumor portion demonstrated prognostic impacts (Table 5, 
Fig. 4). 

Discussion

Despite multimodal treatment with surgery, radiotherapy, 
 and chemotherapy, the prognosis for anaplastic glioma 
is poor. Several reports published in the past decade have 
shown survival times ranging from 19 months to 14.7 years 
for anaplastic gliomas [3,4,6-11]. Because of these varied 
prognoses, a new WHO 2016 classification, based on molec-
ular markers, has been developed to promote more detailed 
and accurate diagnosis. Our study of 113 patients with ana-
plastic gliomas analyzed the survival, prognostic factors, and 
the cut-off value of extent of tumor resection, according to 
the 2016 WHO classification. Moreover, we found that the  
OS after surgery was 48.4 months for all anaplastic gliomas 

Fig. 2.  Progression-free survival. (A) Kaplan-Meier representation of progression-free survival time for the entire group of 113 patients. 
(B) Kaplan-Meier representation of progression-free survival time for the AAw, AAm, AOmc each group. AAm, anaplastic astrocytoma, 
IDH-mutant; AAw, anaplastic astrocytoma, IDH-wildtype; AOmc, anaplastic oligodendroglioma, IDH-mutant and 1p/19q-codeleted; GIII, 
grade III glioma.
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Table 3.  Univariate analysis of prognostic factors

                            OS                           PFS

 HR (95% CI) p-value HR (95% CI) p-value

Age 1.025 (1.008-1.042) 0.004 1.022 (1.006-1.038) 0.008  
Sex 1.248 (0.729-2.135) 0.419 1.436 (0.856-2.408) 0.170
Preoperative KPS score 0.911 (0.866-0.958) < 0.001 0.932 (0.893-0.972) 0.001
Deep location 0.333 (0.193-0.577) < 0.001 0.316 (0.186-0.537) < 0.001
MGMT methylation status 0.405 (0.236-0.694) 0.001 0.418 (0.251-0.696) 0.001
Chemotherapy 0.727 (0.427-1.237) 0.240 0.744 (0.450-1.231) 0.250
Preoperative T1CE tumor volume 1.006 (0.998-1.015) 0.160 1.005 (0.996-1.014) 0.296
Preoperative T2 tumor volume 0.995 (0.990-1.000) 0.073 0.995 (0.991-1.000) 0.057
Postoperative T1CE tumor volume 1.155 (1.085-1.229) < 0.001 1.119 (1.058-1.184) < 0.001
Postoperative T2 tumor volume 1.019 (1.009-1.030) < 0.001 1.015 (1.006-1.025) 0.001
EOR (T1CE %) 0.985 (0.973-0.997) 0.013 0.986 (0.974-0.998) 0.018
EOR (T2 %) 0.976 (0.964-0.987) < 0.001 0.977 (0.966-0.988) < 0.001
OS, overall survival; PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; KPS, Karnofsky performance status; MGMT, 
O6-methylguanine-DNA methyltransferase; T1CE, T1-weighted contrast-enhanced magnetic resonance ima-ging (MRI); T2, T2-weighted 
MRI; EOR, extent of resection.
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and 21.5 months in the AAw subgroup (Table 2).
Previously reported prognostic factors for anaplastic glio-

ma include advanced patient age, preoperative neurological 
status, KPS, symptom duration, tumor location, EOR, adju-
vant therapy (including radiation therapy and chemothera-
py), preoperative MRI findings, as well as various molecular 
markers including IDH and PTEN mutations, 1p/19q code-
letion, epidermal growth factor receptor (EGFR) amplifica-
tion, and MGMT methylation [4,7-9,12-15]. The importance 
of these molecular markers for prognosis was reflected in 
the new WHO classification of 2016, which has had a great 
impact on the diagnostic criteria. Here, we have confirmed 
several prognostic factors including age, preoperative KPS, 
MGMT methylation status, postoperative tumor volume, and 
 EOR.

Aggressive tumor resection can be dangerous for the pati- 
ent’s neurologic function, especially when the tumor is loca-
ted deep inside the brain. Thus, when evaluating the asso-
ciation between survival and the EOR, it is important to take 
the tumor’s location into account. In our series, tumor loca-
tion was a statistically significant prognostic factor in uni-
variate analysis, but its effect was lost in multivariate analy-
sis. In addition, the association between preoperative tumor 
volume and survival rate was not statistically significant. 
These results suggest that the degree of surgical removal has 

a greater effect on the prognosis than the preoperative size 
and location.

In our univariate analysis, postoperative residual tumor 
volume and EOR were statistically significant prognostic 
factors for OS and PFS. This suggests that the extent of surgi-
cal resection and remaining tumor volume after surgery may 
have greater impacts on prognosis than preoperative vol-
ume (Table 3). However, in multivariate analysis, RTV-T1CE, 
RTV-T2, and EOR-T2 were statistically important prognostic 
factors (Table 4). The statistical insignificance of EOR-T1CE 
in multivariate analysis appears to be an effect of T2 lesions. 
Basically, T1 contrast-enhanced lesions are included in T2  
lesions. Therefore, as shown in previous studies, we hypoth-
esize that the EOR-T1CE still has significant prognostic val-
ue, and a study of the EOR cut-off value can be performed.

Malignant astrocytomas, including anaplastic glioma and 
glioblastoma multiforme, are difficult to resect curatively 
because of their invasive and infiltrative nature to the sur-
rounding tissue [16]. This is especially difficult if the tumor is 
located in a functionally important region. However, micro-
surgical resection is a very important factor in the treatment 
of glioma, and maximal safe resection is known to be a good 
prognostic factor for all grades of gliomas [17-22].

In past, some studies had reported that there is no rela-
tionship between the EOR and survival in anaplastic gliomas 

Table 4.  Multivariate analysis of prognostic factors

Variable
                            OS                           PFS

 HR (95% CI) p-value HR (95% CI) p-value

Age 1.068 (1.023-1.115) 0.003 1.073 (1.029-1.118) 0.001 
Preop KPS 0.889 (0.805-0.981) 0.019 0.921 (0.847-1.001) 0.052
Deep location 0.302 (0.083-1.101) 0.070 0.334 (0.104-1.077) 0.066
MGMT methylation status 0.150 (0.037-0.613) 0.008 0.092 (0.022-0.381) 0.001
Postoperative T1CE tumor volume 1.301 (1.056-1.602) 0.013 1.335 (1.071-1.663) 0.010
Postoperative T2 tumor volume 1.054 (1.009-1.100) 0.019 1.076 (1.027-1.129) 0.002
EOR (T1CE %) 0.999 (0.975-1.024) 0.925 0.993 (0.969-1.017) 0.578
EOR (T2 %) 0.951 (0.915-0.988) 0.010 0.942 (0.907-0.978) 0.002
OS, overall survival; PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; KPS, Karnofsky performance status; MGMT, 
O6-methylguanine-DNA methyltransferase; T1CE, T1-weighted contrast-enhanced magnetic resonance imaging (MRI); T2, T2-weighted 
MRI; EOR, extent of resection.

Table 5.  Cut-off point (Contal and O’Quigley method)

Variable
        OS    PFS

 Cut point HR (95% CI) p-value Cut point HR (95% CI) p-value

Age ≥ 51 2.911 (1.880-4.508) < 0.001 ≥ 55 2.971 (1.942-4.545) < 0.001
EOR (T1CE %) ≥ 99.957 0.284 (0.154-0.524) < 0.001 ≥ 72.727 0.370 (0.227-0.602) < 0.001
EOR (T2 %) ≥ 85.643 0.141 (0.075-0.267) < 0.001 ≥ 84.883 0.193 (0.112-0.331) < 0.001
OS, overall survival; PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; EOR, extent of resection; T1CE, T1-weighted 
contrast-enhanced magnetic resonance imaging (MRI); T2, T2-weighted MRI.
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[23,24]. However, recent studies have revealed that there is 
a relationship between the EOR and survival in anaplastic 
gliomas [3,25,26]. We performed volumetric analysis in the 
present study, confined to anaplastic gliomas, which have 
heterogenous features in MRI. A considerable proportion of 
anaplastic gliomas do not show contrast enhancement in T1- 
weighted MRI [15,17]. Therefore, to obtain a more accurate  
tumor volume, both abnormal T2/FLAIR hyperintense lesions 
as well as T1-weighted contrast-enhanced lesions should be 
considered. Previous studies analyzed EOR by combining 
tumor volume measured in T1-weighted contrast-enhanced 
images with that of T2/FLAIR image or T2 image alone 
[25,26]. To obtain more accurate information, we analyzed 
T2-weighted and T1 contrast-enhanced images separately 
and attempted to determine whether the EOR of each sequ-
ence affects survival rate.

Previous studies have found EOR thresholds of 76% in 
GIII glioma, 90% in GII glioma, 100% contrast enhancing  
resection with additional 53.21% of FLAIR hyperintense  
lesion in glioblastoma, and 53% in anaplastic astrocytoma 

and anaplastic oligoastrocytoma [18,22,25,26].
We investigated the cut-off value for the EOR on each MRI 

sequence (Table 5). The cut-off value of EOR affecting OS was 
99.96% in contrast-enhanced T1-weighted MRI and 85.64% 
in T2-weighted MRI, so we propose that these EOR values 
are important for anaplastic gliomas. The use of multiple 
MRI sequences for suggesting the cut-off value of the volu-
metric EOR represents a strength of our study in the era of 
molecular glioma classification.

Age has already been identified as an important prognos-
tic factor in several studies [3,7,24]. For example, a study has 
reported that an age of 65 years or older is a poor prognostic 
factor [27]. In the present study, we confirmed that age is an 
important factor affecting survival: 51 years old was the cut-
off value that influenced the OS rate, while a cut-off of 55 
years affected PFS.

Our study has some limitations. First, because of its ret-
rospective nature from a single institution, there may be a 
selection bias of the patients. A few cases were excluded  
because of inadequate information of MRI available for  

Fig. 3.  Overall survival. (A) Kaplan-Meier representation of overall survival time according to EOR (T1CE). (B)  Kaplan-Meier representa-
tion of overall survival time according to EOR (T2). EOR, extent of resection; T1CE, T1-weighted contrast-enhanced magnetic resonance 
imaging (MRI); T2, T2-weighted MRI.
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Fig. 4.  Progression-free survival. (A) Kaplan-Meier representation of progression-free survival time according to EOR (T1CE). (B)  Kaplan-
Meier representation of progression-free survival time according to EOR (T2). EOR, extent of resection; T1CE, T1-weighted contrast-en-
hanced magnetic resonance imaging (MRI); T2, T2-weighted MRI.
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review. However, we tried to analyze a uniform patient popu- 
lation by examining consecutive patients. Second, there may 
be measuring bias. Because we measured T2-weighted hyper-
intense lesions separately, cerebral edema, ischemic change, 
and contusions may have been included to tumor volume in 
some degree. Third, patients have received various chemo-
therapeutic agents although the regimens of chemotherapy 
did not have a statistical significance in univariate analysis. 
And the postoperative radiation therapy was not controlled. 
In the future, more controlled multicenter validation studies 
are required.

In conclusion, the median OS was 48.4 months in the whole 
anaplastic glioma group and 21.5 months in the AAw group. 
We have also revealed that complete resection (more than 
99.96%) of tumor volume measured in contrast-enhanced 

T1-weighted MRI, and more than 85.64% of tumor resection 
measured in T2-weighted MRI, have prognostic impacts on 
the survival of patients with anaplastic gliomas. Therefore, 
gross-total resection of at least the contrast-enhanced part of 
a lesion should be performed to prolong survival in anaplas-
tic glioma patients. 
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Purpose
Whether craniospinal irradiation (CSI) could be replaced by limited-field radiation in non-
metastatic bifocal germinoma remains controversial. We addressed the issue based on the 
data from our series and the literature.  

Materials and Methods
Data from 49 patients diagnosed with non-metastatic bifocal germinoma at our hospital 
during the last 10 years were collected. The Pediatric Quality of Life Inventory 4.0 was used 
to evaluate health-related quality of life (HRQOL). Additionally, 81 patients identified from 
the literature were also analyzed independently. 

Results
In our cohort, 34 patients had tumors in the sellar/suprasellar (S/SS) plus pineal gland 
(PG) regions and 15 in the S/SS plus basal ganglia/thalamus (BG/T) regions. The median 
follow-up period was 52 months (range, 10 to 134 months). Our survival analysis showed 
that patients treated with CSI (n=12) or whole-brain radiotherapy (WBRT; n=34) had com-
parable disease-free survival (DFS; p=0.540), but better DFS than those treated with focal 
radiotherapy (FR; n=3, p=0.016). All 81 patients from the literature had tumors in the S/
SS+PG regions. Relapses were documented in 4/45 patients treated with FR, 2/17 treated 
with whole-ventricle irradiation, 0/4 treated with WBRT, and 1/15 treated with CSI. Survival 
analysis did not reveal DFS differences between the types of radiation field (p=0.785). 
HRQOL analysis (n=44) in our cohort found that, compared with S/SS+PG germinoma,  
patients with BG/T involvement had significantly lower scores in social and school domains. 
However, HRQOL difference between patients treated with CSI and those not treated with 
CSI was not significant. 

Conclusion
In patients with non-metastatic bifocal germinoma, it is rational that CSI could be replaced 
by limited-field radiation. HRQOL in patients with BG/T involvement was poorer. 

Key words
Germinoma, Bifocal germinoma, Radiotherapy, Quality of life 
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Introduction

Intracranial germinoma is a rare malignancy mostly iden-
tified in children and adolescents. The incidence varies sub-
stantially across the continents, with North American and 
international data showing overall incidence of 0.6/million/
yr in United States, 1.0/million/yr in Europe, 1.7/million/yr 
in Korea, and 2.7/million/yr in Japan [1,2]. The sellar/supra-
sellar (S/SS), pineal gland (PG), and basal ganglia/thalamus 
(BG/T) regions are the most common areas in which germi-
noma occurs, accounting for 23%-35%, 37%-66%, and 0%-8% 
of cases, respectively [2-5]. 

Craniospinal irradiation (CSI) used to be the standard of 
care for patients with germinoma. Although more than 90% 
of patients show long-term disease control, toxicities relat-
ed to CSI are still concerning [6,7]. Thus, many researchers  
explored the possibility of limited-field irradiation such as 
focal radiotherapy (FR), whole ventricular irradiation (WVI), 
or whole-brain radiotherapy (WBRT) [8-11]. The emerging  
results showed that, combined with chemotherapy, reduction 
in the radiation dose and/or radiation field did not compro-
mise the long-term survival of patients with localized disease. 
Interestingly, in clinical practice, some rare patients had syn-
chronous lesions involving two intracranial locations; these 
cases are called bifocal germinoma. As dissemination within 
the central nervous system is characteristic of germinoma, 
treatment of cases with bifocal involvement is a dilemma at 

the time of decision-making, especially for radiation field se-
lection. 

Some pioneer researchers addressed the issue of bifocal 
germinoma treatment on the basis of their experience, and 
indicated that extended-field radiation could be avoided, if 
there is no evidence of metastasis or dissemination [12-14]. 
However, due to the scarcity of the disease, few studies have 
compared the difference between the above-mentioned radia-
tion fields. Thus, evidence is still required to clarify the issue. 

Classically, bifocal germinoma refers to patients with 
synchronous lesions involving S/SS and PG regions. How-
ever, we also identified a number of patients who have syn-
chronous lesions involving S/SS and BG/T regions (Fig. 1, 
S1 Fig.). In the current study, we grouped them under the 
concept of bifocal germinoma and analyzed them together.  
Radiation strategies for patients with bifocal germinoma at our  
institute have evolved over the decades. Both CSI and FR 
were treatment options in the early years until WBRT became  
the standard of care. Here, we retrospectively analyzed clini-
cal data from 49 patients to examine the survival of patients 
treated with different radiation fields. Moreover, we also  
independently analyzed 81 patients from the literature. In 
addition, since the long-term health-related quality of life 
(HRQOL) is another important factor that should be weight-
ed at the time of radiation field selection, these data were also  
included in our study.

Fig. 1.  Images of an 18-year-old girl who presented with right hemiparesis and adipsic diabetes insipitus. β-Human chorionic gonadotro-
pin in the serum and cerebrospinal fluid was 39.4 IU/L and 77.2 IU/L, respectively. Radiological examinations revealed lesions located 
in the sellar and left thalamus area (tumors were indicated by the arrows). The first row shows axial and sagittal graphics on contrast-
enhanced magnetic resonance image. Pituitary stalk enhancement and a left thalamus lesion with enhancement can be seen. The second 
row shows images on plain computed tomography scan. Lesions showed slightly higher intensity compared to the surrounding normal 
tissues. She was diagnosed as bifocal germinoma and chemoradiotherapy was applied. The third row shows the complete remission of 
the lesions after treatment. 
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Materials and Methods

1. Patients
Clinical data from 49 patients who were diagnosed with 

bifocal germinoma between January 2008 and January 2018 
were analyzed. Diagnosis was established on the basis of 
histology and/or tumor makers (β-human chorionic gon-
adotropin [β-HCG] ≤ 100 IU/L and α-fetoprotein normal). 
Before treatment, all patients underwent baseline evaluation, 
including physical examination, blood tests, and radiograph-
ic examinations. Metastases were defined as any additional 
lesions documented on radiographic examinations and/or 
positive cerebrospinal fluid (CSF) cytology.

Considering the treatment strategy, two cycles of platinum-
based chemotherapy (ifosfamide 1.5 g/m2 days 1-3, etopo-
side 70 mg/m2 days 1-3, and cisplatin 30 mg/m2 days 1-3,  
repeated every 4 weeks) were initially performed after diag- 
nosis. Subsequently, radiotherapy was applied and two  
additional cycles of chemotherapy were performed there-
after. The standard radiation dose in the current cohort 
was 40 Gy. In terms of radiation field at our institute, both 
FR and CSI (30 Gy) plus boosts had been considered for  
patients with bifocal disease, until WBRT (30 Gy) plus boost 
became the standard of care in 2008. Then, CSI plus boost 
was performed only in patients with evidence of metastases. 
Radiotherapy was applied at a daily dose of 1.6-1.8 Gy with 
five weekly fractions over 4.5-5 weeks. The gross target vol-
ume (GTV) was defined as the extent of the primary tumor(s)  
before treatment. The clinical target volume (CTV) was obtai-
ned by adding 0.5 cm to GTV. Additional 0.5-1 cm was added 
to CTV to create planning target volume (PTV). After treat-
ment completion, routine follow-up was performed every 
3-6 months for the first two years and every 6-12 months for 
the next 3 years.

  
2. Data from the literature

PubMed was used for literature searching. Patients who 
were eligible for the analysis must have information regard-
ing diagnosis, tumor location, radiation field, radiation dose, 
chemotherapy, relapse status, and time to relapse. In addi-
tion, information about the age, sex, serum/CSF β-HCG level,  
CSF cytology results, and spinal magnetic resonance imag-
ing (MRI) status were collected vigorously.

3. Health-related quality of life (HRQOL)
The Pediatric Quality of Life Inventory 4.0 (PedsQL 4.0) 

scale was used to evaluate HRQOL. The PedsQL 4.0 Gene-
ric Core Scale contains 23 items, which measure physical 
(eight items), emotional (five items), social (five items), and 
school functions (five items). HRQOL was provided as age-
appropriate surveys for young children (5-7 years old), chil-
dren (8-12 years old), teens (13-18 years old), young adults 
(18-25 years old), and adults (> 26 years old). The PedsQL 4.0 

Generic Core Scale comprises parallel patient self-report and 
parent proxy-report formats. Items were reverse-scored and 
transformed to a 0-100 scale according to instructions, thus 
higher scores indicate better HRQOL. We attempted to con-
tact all surviving patients via phone, and those who could be 
contacted received the electronic version of the PedsQL scale 
via e-mail and cell phone. 

4. Statistical analysis
IBM SPSS Statistics for Windows, ver. 22.0 (IBM Corp.,  

Armonk, NY), was used for data analysis. t test was employ-
ed for PedsQL scores analyses, which were considered as 
continuous variables. The Kaplan-Meier method was used 
to estimate survival. Disease-free survival (DFS) was cal-
culated from the date of complete remission to the date of 
disease relapse. Disease relapse was defined as an eleva-
tion of tumor marker levels in the serum and/or CSF, the  
appearance of any new lesions on radiographic examina-
tions, or both. Overall survival (OS) was determined from 
the date of diagnosis to the date of death or the last follow-up 
visit. Log-rank tests were used to compare survival curves. 
All statistical analyses used a significance level of 0.05, and 
all statistical tests were two-sided. 

5. Ethical statement
This study was reviewed and approved by the Institutional 

Review Board of Beijing Tiantan Hospital (grant number: KY 
2018-064-02). Informed written consent from patients was 
waived by the Institutional Review Board of Beijing Tiantan 
Hospital due to the retrospective study design.

Results

1. Patient characteristics 
Among 49 patients included in our study, 34 were males 

(69.4%). The median age was 13 years (range, 5 to 47 years). 
Thirty-four patients had their lesions located in the S/SS and 
PG regions, while 15 patients had their lesions located in the 
S/SS and BG/T regions. Diagnosis was established based on 
histology in 13 patients and on levels of serum tumor mark-
ers in 36 patients. The non-metastatic status was determined 
based on both spinal MRI and CSF cytology in 46 patients. 
The remaining three patients showed negative findings on 
spinal MRI but had no CSF cytology data due to potential 
high intracranial pressure. In terms of radiotherapy, three 
patients underwent FR, 34 patients underwent WBRT plus 
boost, and 12 underwent CSI plus boost. The total radiation 
dose was 3,960 cGy in 43 patients, 4,500 cGy in two patients, 
and 5,040 in four patients. All but two patients in the CSI 
group received chemotherapy (Table 1). 

The most common symptom was adipsic diabetes insipi-
dus, which was documented in 44 patients (89.7%). Visual 
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acuity decline was reported by 20 patients (40.8%). Sixteen 
patients (32.7%) had symptoms related to high intracranial 
pressure. Physical development abnormality was document-
ed in 17 patients, seven of whom had precocious puberty (all 
male) and 10 had growth retardation (6 male and 4 female). 
Among 15 patients with S/SS+BG/T germinoma, five pre-
sented with hemiparesis. 

2. Survival
The median follow-up period was 52 months (range, 

10 to 134 months). The estimated 5-year DFS and OS were 
96.7% and 97.3%, respectively. During the follow-up, all  
patients that underwent FR showed disease relapse. Among 
them, two patients with S/SS+PG germinoma had relapse 
in the spine and one patient with S/SS+BG/T germinoma 
had relapse in the left posterior limb of internal capsule. Only 
one patient with S/SS+PG germinoma in the WBRT group 
experienced disease relapse (in the spine); all patients in the 
CSI group were disease-free at the last follow-up. Survival 
analysis revealed that patients undergoing FR had the low-

Fig. 2.  Comparison of disease-free survival between patients 
undergoing focal radiotherapy (FR), whole-brain radiotherapy  
(WBRT), and craniospinal irradiation (CSI) (our cohort). Patients 
treated with CSI (n=12) or WBRT (n=34) had comparable dis-
ease-free survival (p=0.54), but better disease-free survival  than 
those treated with FR (n=3, p=0.016).
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Table 1.  Patient characteristics

Characteristic Our cohort (n=49) Literature cohort (n=81) 

Age, median (range, yr) 13 (5-47) 14 (4-28)
    Not available 0 ( 41 (
Primary tumor location  
    S/SS+PG 34 (69.4) 81 (100)
    S/SS+BG/T 15 (30.6) 0 (
Sex  
    Male 34 (69.4) 27 (33.3)
    Female 15 (30.6) 13 (16.0)
    Not available 0 ( 41 (50.7)
Method used to make the diagnosis   
    Histology 13 (26.5) 64 (79.0)
    TM 36 (73.5) 5 (6.2)
        Serum β-HCG (IU/L) 14.56 (0.01-74) -
        CSF β-HCG (IU/L) 11.4 (0.01-87.7) -
    Clinical 0 ( 11 (13.6)
    Not available 0 ( 1 (1.2)
Radiotherapy  
    FR 3 (6.1) 45 (55.6)
    WVI 0 ( 17 (20.9)
    WBRT+boost 34 (69.4) 4 (4.9)
    CSI+boost 12 (24.5) 15 (18.6)
Dose of radiotherapy (Gy)  
    ≤ 40  43 (87.7) 56 (69.2)
    > 40  6 (12.3) 21 (25.9)
    Not available 0 ( 4 (4.9)
Patients treated with chemotherapy 47 (95.9) 55 (67.9)
Values are presented as number (%) unless otherwise indicated. S/SS, sellar/suprasellar; PG, pineal gland; BG/T, basal ganglia/thalamus; 
TM, tumor marker; β-HCG, β-human chorionic gonadotropin; CSF, cerebrospinal fluid; FR, focal radiotherapy; WVI, whole ventricular  
irradiation; WBRT, whole-brain radiotherapy; CSI, craniospinal irradiation. 
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est DFS (66.6%) (FR vs. WBRT, p=0.008; FR vs. CSI, p=0.046; 
compared together, p=0.016), while those undergoing either 
WBRT (96.9%) or CSI (100%) had similar DFS (p=0.540) (Fig. 
2). 

At the time of relapse, three patients had negative serum/
CSF β-HCG and serum β-HCG was 716 IU/L in the fourth 
patient (Fig. 3). Subsequently, four cycles of chemotherapy 
and CSI were applied. All patients have been successfully 
rescued and were disease-free at the last follow-up. The 
only death in the current cohort was documented in a male 
patient with histology-proven diagnosis, who underwent 
WBRT initially. Six years after treatment, left basal ganglia 
lesion was identified and biopsied. Histology indicated high-
grade glioma. He died 2 months later. Consequently, the five-
year OS was 100%, 90.9%, and 100% in FR, WBRT, and CSI 
groups, respectively (p=0.834). 

3. Literature cohort
Totally, 81 non-metastatic bifocal germinoma patients were 

identified from the literature based on the authors’ defini-
tion [9,12-22]. However, only 51 patients could be confirmed 
as both spinal MRI negative and CSF cytology negative. All 
patients had tumors in S/SS and PG regions. In terms of  
diagnosis, 64 patients were histology-proven, five showed  
elevated tumor markers, 11 were diagnosed clinically, and 
one had no available information. Relapses were document-
ed in four of 45 receiving FR, two of 17 receiving whole-ven-
tricle irradiation, 0 of 4 receiving WBRT, and 1 of 15 receiving 
CSI. DFS was not significantly different between radiation 
fields (p=0.785) (Fig. 4). 

Out of seven relapsed patients, four had spinal lesions. All 
but one patient received subsequent salvage therapy, includ-
ing chemoradiotherapy in five and chemotherapy alone in 
one patient. All were alive at the last follow-up (S2 Table). 

4. HRQOL
Out of 48 surviving patients, 46 responded to our survey 

with 44 having valid paired surveys. Subgroup analysis did 
not find HRQOL differences between sexes, radiation fields 
and dose. However, patients with S/SS+BG/T germinoma 
showed generally lower scores than those with S/SS+PG 
germinoma. Furthermore, their proxy-report total (p=0.001), 
emotional score (p=0.020), social score (p=0.018), school 
score (p=0.001) as well as self-report social score (p=0.024), 
and school score (p=0.012) were significantly reduced.  
Besides, better HRQOL were proved in patients surviving  
> 5 years compared with those surviving ≤ 5 years (Table 2). 

Discussion

During the last decades, treatment strategies for patients 
with intracranial germinoma have greatly improved. Given 
the excellent prognosis, the primary goal should be to bal-
ance the cure rate against long-term toxicity. Thus, minimiz-

Fig. 3.  Images of a 19-year-old boy who presented with adipsic diabetes insipitus only. β-Human chorionic gonadotropin (β-HCG) in 
the serum and cerebrospinal fluid was 22.4 IU/L and 41.9 IU/L, respectively. (A, B) Radiological examinations revealed pituitary stalk 
enhancement and left thalamus lesion with enhancement (tumors were indicated by the arrows). Then, four cycles of chemotherapy and 
focal radiotherapy were applied. (C, D) Twenty months later, enhanced lesion with cyst was identified in the left thalamus area (within 
the initial radiation field) (tumors were indicated by the arrows). β-HCG in the serum and cerebrospinal fluid was 716 IU/L and 442 IU/L, 
respectively. Then, salvage chemoradiotherapy was applied. 

A DB C

Fig. 4.  Comparison of disease-free survival between patients 
undergoing focal radiotherapy (FR), whole-ventricle irradiation 
(WVI), whole-brain radiotherapy (WBRT), and craniospinal irra-
diation (CSI) (literature cohort). Survival analysis did not reveal 
disease-free survival differences between the types of radiation 
field (p=0.79).

Di
se

as
e-

fre
e 

su
rv

iv
al

Time (mo)

0

0.4

1.0

0.8

0.6

0.2

0 25015010050 200

p=0.79

FR
WVI
WBRT
CSI

Radiation field



VOLUME 52 NUMBER 4 OCTOBER 2020     1055

Bo Li, Radiation Strategy in Bifocal Germinoma

Ta
bl

e 
2.

  P
ed

sQ
L 

sc
or

es
 a

nd
 su

bg
ro

up
 a

na
ly

se
s

 
To

ta
l 

p-
va

lu
e 

Ph
ys

ic
al

 h
ea

lth
 

p-
va

lu
e 

Em
ot

io
na

l 
p-

va
lu

e 
So

ci
al

 
p-

va
lu

e 
Sc

ho
ol

 
p-

va
lu

e

Pr
ox

y-
re

po
rt

   
 S

ex
   

   
  M

al
e (

n=
31

) 
71

.5
±1

7.
7 

0.
59

2 
69

.2
±2

6.
2 

0.
91

1 
  7

8.
3±

18
.8

8 
0.

33
1 

  
75

.0
±2

2.
5 

0.
90

2 
  

65
.0

±2
3.

6 
0.

24
2 

   
   

 F
em

al
e (

n=
13

) 
66

.9
±1

9.
7 

 
70

.7
±3

1.
4 

 
70

.0
±1

7.
7 

 
73

.7
±1

9.
5 

 
51

.2
±2

6.
8 

   
 O

rig
in

 
 

 
 

 
 

 
 

 
 

   
   

  S
/S

S+
PG

 (n
=3

0)
 

75
.4

±1
7.

1 
0.

00
1 

73
.1

±2
9.

8 
0.

37
2 

80
.3

±1
6.

4 
0.

02
0 

80
.6

±1
9.

7 
0.

01
8 

69
.0

±1
9.

3 
0.

00
1

   
   

  S
/S

S+
BG

/T
 (n

=1
4)

 
52

.6
±7

.1
 

 
60

.0
±1

8.
6 

 
59

.0
±1

5.
5 

 
56

.0
±1

1.
9 

 
31

.0
±1

8.
8 

   
 R

ad
ia

tio
n 

 
 

 
 

 
 

 
 

 
   

   
  N

on
-C

SI
a)
 (n

=3
4)

 
79

.2
±1

5.
2 

0.
26

4 
81

.2
±1

6.
3 

0.
37

4 
81

.2
±2

2.
5 

0.
46

4 
  

82
.5

±1
7.

0 
0.

40
1 

 
70

.0
±2

1.
2 

0.
09

1 
 

   
   

  C
SI

 (n
=1

0)
 

67
.3

±1
8.

5 
 

66
.9

±2
9.

5 
 

73
.4

±1
7.

7 
 

72
.5

±2
1.

7 
 

56
.8

±2
6.

0 
   

 D
os

e (
G

y)
 

 
 

 
 

 
 

 
 

 
   

   
  ≤

 4
0 

(n
=4

0)
 

66
.5

±1
3.

1 
0.

25
1 

68
.7

±2
2.

8 
0.

28
0 

74
.6

±1
6.

1 
0.

80
1 

70
.0

±1
8.

5 
0.

38
3 

51
.3

±2
3.

1 
0.

10
1

   
   

  >
 4

0 
(n

=4
) 

73
.1

±1
8.

9 
 

77
.1

±2
1.

7 
 

73
.1

±1
7.

8 
 

76
.3

±2
2.

3 
 

63
.6

±2
0.

4 
   

 F
ol

lo
w

-u
p 

(y
r) 

 
 

 
 

 
 

 
 

 
   

   
  ≤

 5
 (n

=2
5)

 
59

.4
±1

3.
4 

0.
00

7 
63

.9
±1

9.
1 

0.
40

3 
64

.0
±1

5.
3 

0.
00

2 
63

.1
±1

6.
3 

0.
01

3 
44

.3
±1

6.
7 

0.
00

1
   

   
  >

 5
 (n

=1
9)

 
76

.8
±1

7.
2 

 
72

.3
±3

1.
8 

 
84

.1
±1

4.
7 

 
82

.5
±2

0.
1 

 
70

.8
±2

0.
9

Se
lf

-r
ep

or
t

   
 S

ex
   

   
  M

al
e (

n=
31

) 
65

.0
±1

7.
1 

0.
98

2 
65

.9
±2

4.
5 

0.
83

3 
 

68
.5

±2
0.

4 
0.

57
1 

68
.5

±2
2.

8 
0.

96
2 

56
.5

±2
5.

8 
0.

43
0

   
   

  F
em

al
e (

n=
13

) 
64

.7
±2

4.
9 

 
62

.5
±3

6.
1 

 
62

.0
±2

0.
7 

 
69

.0
±2

4.
5 

 
67

.0
±1

8.
2 

 
   

 O
rig

in
 

 
 

 
 

 
 

 
 

 
   

   
  S

/S
S+

PG
 (n

=3
0)

 
67

.3
±1

9.
1 

0.
08

1 
67

.5
±2

8.
3 

0.
07

3 
  

66
.5

±2
1.

2 
0.

92
1 

71
.5

±2
2.

1 
0.

02
4 

63
.8

±2
1.

9 
0.

01
2

   
   

  S
/S

S+
BG

/T
 (n

=1
4)

 
48

.9
±1

2.
2 

 
46

.8
±1

7.
6 

 
65

.0
±1

4.
1 

 
50

.0
±2

1.
2 

 
35

.0
±2

1.
2 

   
 R

ad
ia

tio
n 

 
 

 
 

 
 

 
 

 
   

   
  N

on
-C

SI
a)
 (n

=3
4)

 
79

.3
±1

9.
5 

0.
15

3 
84

.3
±1

4.
3 

0.
10

2 
80

.0
±2

6.
4 

0.
19

0 
 

81
.6

±2
3.

6 
0.

28
2 

68
.3

±2
3.

6 
0.

51
3

   
   

  C
SI

 (n
=1

0)
 

71
.3

±1
8.

09
 

 
59

.9
±2

8.
37

 
 

62
.9

±1
8.

3 
 

65
.4

±2
2.

1 
 

57
.9

±2
3.

9 
   

 D
os

e (
G

y)
 

 
 

 
 

 
 

 
 

 
   

   
  ≤

 4
0 

(n
=4

0)
 

65
.2

±1
6.

9 
0.

48
1 

67
.3

±2
4.

5 
0.

57
2 

 
67

.7
±2

0.
1 

0.
76

2 
67

.2
±2

0.
4 

0.
38

1 
57

.2
±2

4.
6 

0.
70

1
   

   
  >

 4
0 

(n
=4

) 
69

.4
±1

4.
3 

 
72

.0
±1

9.
1 

 
70

.0
±1

8.
1 

 
74

.0
±1

8.
9 

 
60

.3
±1

6.
7 

   
 F

ol
lo

w
-u

p 
(y

r) 
 

 
 

 
 

 
 

 
 

   
   

  ≤
 5

 (n
=2

5)
 

58
.7

±1
4.

3 
0.

14
1 

60
.4

±1
8.

2 
0.

47
4 

 
60

.0
±1

6.
0 

0.
14

3 
  

64
.5

±1
9.

3 
0.

36
4 

49
.1

±1
7.

2 
0.

04
2

   
   

  >
 5

 (n
=1

9)
 

69
.8

±1
9.

5 
 

68
.1

±3
1.

0 
 

72
.0

±2
0.

5 
 

73
.0

±2
3.

2 
 

67
.5

±2
2.

2 
Va

lu
es

 ar
e p

re
se

nt
ed

 as
 m

ea
n±

st
an

da
rd

 d
ev

ia
tio

n.
 S

/S
S,

 se
lla

r/
su

pr
as

el
la

r; 
PG

, p
in

ea
l g

la
nd

; B
G

/T
, b

as
al

 g
an

gl
ia

/t
ha

la
m

us
; C

SI
, c

ra
ni

os
pi

na
l i

rr
ad

ia
tio

n.
 a)

N
on

-C
SI

 g
ro

up
 in

clu
de

d 
tw

o 
pa

tie
nt

s u
nd

er
go

in
g 

FR
 a

nd
 3

2 
pa

tie
nt

s u
nd

er
go

in
g 

w
ho

le
-b

ra
in

 ra
di

ot
he

ra
py

.



1056     CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2020;52(4):1050-1058

ing the radiation field and dose is a priority, especially for 
localized disease. Physicians that treat patients with non-
metastatic bifocal germinoma face a similar situation, which 
is challenging for their decision-making. In United States, 
bifocal germinoma used to be considered as a metastatic dis-
ease, and CSI was applied; however, in Europe, it was con-
sidered as a localized disease, and FR was applied [8,9,23]. 
Although emerging evidence shows that limited-field radia-
tion is feasible in this setting, no data are available on the 
comparison of the efficacy between different radiation fields 
owing to the rarity of the disease [14,22]. 

Due to the development of various radiation strategies in 
our institute, we have an opportunity to compare the effi-
cacy between different radiation fields. As it was shown in 
our cohort, CSI and WBRT showed comparable DFS, but bet-
ter DFS than FR. Because WVI is another commonly used 
limited-field radiation that was not applied in our cohort, we  
intended to expand our findings based on the literature  
[9,12-22]. Among 81 patients identified from the literature, 
there were 7 relapses, including 4/45 receiving FR, 2/17  
receiving WVI, 0/4 receiving WBRT, and 1/15 receiving 
CSI. Survival analysis in the literature cohort did not reveal 
any differences between CSI and other types of limited-field  
radiation. Taken together with the findings from our cohort, 
it could be advocated that limited-field radiotherapy, such 
as WVI or WBRT, may be considered as an option for pati-
ents with non-metastatic bifocal germinoma. We noticed 
that, among patients undergoing FR, higher relapse rate was 
observed in our cohort compared with that from the litera-
ture. We attributed it to inadequate margins. In some reports 
with available information, PTV was defined as 2 cm around 
primary lesions, where the most ventricular area could be 
covered due to bifocal origins. However, in our cohort, the 
minimum margins of the three patients that underwent FR 
were 1.2 cm, 1.3 cm, and 1.6 cm, which may have increased 
the possibility of tumor cell seeding. But for patient with 
higher β-HCG level at relapse, possible non-germinomatous 
germ cell tumors (NGGCTs) components existing could be 
responsible.  

It is still uncertain whether bifocal lesions that presented 
synchronously at the time of diagnosis arise simultaneously 
or metastasize from one to the other. All lesions reported 
from literatures regarding bifocal cases were located in the 
S/SS and PG regions. Anatomically, both regions are in close 
contact with ventricles; therefore, CSF may mediate tumor 
transfer between these two regions. Furthermore, it is not  
uncommon that patients with localized S/SS or PG germi-
noma present with metastatic lesions at these sites at the time 
of treatment failure. Thus, the rationale of limited-field radia-
tion application could be challenged. Interestingly, we identi-
fied a number of bifocal germinoma patients with lesions at 
S/SS and BG/T regions. Tumors originating from the BG/T 
region were generally surrounded by brain tissue, which 

showed no direct correlation with other origins. Thus, bifo-
cal germinoma with S/SS and BG/T involvement probably 
provides another piece of evidence that bifocal germinoma 
may arise simultaneously in two regions. Consequently, app-
lication of limited-field radiation in patients with bifocal ger-
minoma is justified, especially when no other evidence for 
metastasis is present. 

To date, there are three commonly used limited-radiation 
fields in this setting, including FR, WVI, and WBRT. Many 
previous studies have shown that FR could lead to higher 
risk of relapse [9,11,24]. The relapse pattern showed that pati- 
ents with S/SS and/or PG germinoma had higher risk of 
periventricular failure after FR [9,24]. Accordingly, WVI was 
proposed as potential optimal radiation field. Results from a 
prospective study showed that, among 23 patients with S/SS 
or PG germinoma, no one relapsed after WVI after 67 months 
follow-up [25]. However, in patients with BG/T area involve-
ment, WVI may not be adequate since tumor invades deeply 
in the brain tissue. Probably due to these concerns, WBRT or 
CSI were the most commonly attempted radiation fields in 
published reports [26-28]. In our cohort, all 14 patients with 
non-metastatic S/SS+BG/T bifocal germinoma receiving 
WBRT were disease-free during the last visit. Based on our 
findings, WBRT could be considered as optimal radiation 
field in this population until new evidence emerges, while 
WVI should be optimal for patients with non-metastatic S/
SS+PG bifocal germinoma. 

As it was shown in our cohort, at the time of treatment fail-
ure, 3/4 relapses were located in the spinal area. Addition-
ally, out of six patients who relapsed after limited-field radia-
tion in the published data, four had spinal failure. Review 
of baseline evaluation revealed that CSF cytology and spinal 
MRI were not available for some patients. In our cohort, one 
patient with spinal failure did not receive CSF examination 
at diagnosis due to higher intracranial pressure. Therefore, 
full evaluation of spinal status seems more important in  
patients with bifocal germinoma, especially when limited-
field radiation was considered. Furthermore, we also noticed 
that, some patients from the literature cohort were diagnosed 
clinically. A few physicians empirically treated patients with 
typical bifocal radiological presentations and negative tumor 
markers as germinoma patients. However, although rare, 
α-fetoprotein–negative NGGCTs do exist. Since the treat-
ment strategy is totally different between germinoma and 
NGGCTs, empirical treatment would be problematic. Thus, 
histology is strongly recommended, especially in patients 
with negative tumor markers. 

Since the onset of germinoma occurs near puberty, HRQOL 
is always a concern in long-term survivors. Data from our  
series showed that the HRQOL of patients surviving > 5  
years was better. Another study conducted in brain tumor  
patients receiving proton therapy showed similar results,  
which HRQOL improving was documented during follow- 
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up [29]. Besides, we also found that patients with BG/T  
involvement had lower scores, especially in social and school  
domains. This finding was also indicated in other stud-
ies, which found that patients with BG/T germ cell tumors  
had worse HRQOL compared with patients with S/SS or 
PG germ cell tumors. In terms of treatment, some reports  
indicated that CSI led to lower PedsQL score and more  
severe neurocognitive impairments compared with limited- 
field radiations such as FR or WVI [29,30]. Unfortunately,  
this difference was not validated in our cohort, which 
may be attributed to WBRT application. However, given  
that the more extended treatment volume correlates with  
the higher probability of late-effects that patients encounter, 
the application of CSI should be confined where possible.  

All in all, in the current study, we compared CSI and other 
limited-field radiation types in patients with non-metastatic 
bifocal germinoma. Based on the data both from our insti-
tute and published literature, CSI showed no advantage in 
terms of disease control and survival compared with WVI 
or WBRT. Thus, it is conceivable that CSI may be replaced 
by limited-field radiation. Furthermore, the HRQOL of this 
cohort is generally poor, especially for patients with BG/T 
involvement. 

However, limitations do exist. Limited number of cases 
is still the main obstacle before the convincible conclusions. 

Although we recruited data from the literature, the inconsist-
ence of screening, diagnosis, and treatments among authors 
should be concerned. Thus, multicenter study with unified 
regimen is warranted for the future investigation. 
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Purpose
Pyrotinib is a newly-developed irreversible pan-ErbB receptor tyrosine kinase inhibitor. This 
study reported the first real-world data of pyrotinib-based therapy in metastatic human 
epidermal growth factor receptor 2 (HER2)-positive breast cancer (BC), focusing on efficacy 
in lapatinib-treated patients and in brain metastasis. 

Materials and Methods
One hundred thirteen patients with metastatic HER2-positive BC treated with pyrotinib-
based therapy in Fudan University Shanghai Cancer Center under non-clinical trial settings 
from September 1, 2018 to March 1, 2019 were included.   

Results
Over half patients have received more than two lines of systematic therapy and exposed to 
two or more kinds of anti-HER2 agents. Most patients received a combined therapy, com-
monly of pyrotinib plus capecitabine, or vinorelbine or trastuzumab. Median progression-
free survival (PFS) was 6.3 months (range, 5.54 to 7.06 months) and objective response 
rate (ORR) was 29.5%, with two patients (1.9%) achieving complete response. Lapatinib-
naïve patients had significantly longer PFS than lapatinib-treated patients (9.0 months vs. 
5.4 months, p=0.001). ORR for lapatinib-treated patients was 23.2%. Thirty-one of 113 
patients have brain metastasis. Median PFS was 6.7 months and intracranial ORR was 
28%. For patients without concurrent radiotherapy and/or brain surgery, the ORR was very 
low (6.3%). But for patients receiving concurrent radiotherapy and/or brain surgery, the 
ORR was 66.7%, and three patients achieved complete response. Most common adverse 
event was diarrhea. 

Conclusion
Pyrotinib-based therapy demonstrated promising effects in metastatic HER2-positive BC 
and showed activity in lapatinib-treated patients. For patients with brain metastasis, pyro-
tinib-based regimen without radiotherapy showed limited efficacy, but when combined with
radiotherapy it showed promising intracranial control.

Key words
Pyrotinib, HER2-positive breast cancer, Tyrosine kinase inhibitor, Lapatinib-treated, 
Brain metastasis
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Open Access

Introduction

Human epidermal growth factor receptor 2 (HER2)-posi-
tive breast cancer (BC) consists of 15%-20% of BC [1]. Before 
the era of HER2-targeted therapy, HER2-positive BC was  

aggressive, easily recurrent and had poor prognosis [1]. The 
development of anti-HER2 therapy has dramatically impro-
ved the survival of this BC subtype [1]. 

Recently pyrotinib, a novel oral pan-ErbB receptor tyrosine 
kinase inhibitor (TKI), has shown very promising results in 
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metastatic HER2-positive BC [2-5]. In a phase II study, pyro-
tinib plus capecitabine had significantly higher objective res-
ponse rate (ORR) (78.5% vs. 57.1%, p=0.01) and longer pro-
gression-free survival (PFS; 18.1 months vs. 7.0 months, p < 
0.001) compared to lapatinib plus capecitabine [5]. Recently, 
PHENIX study, a double-blinded, multicenter, randomized 
phase III study, showed that pyrotinib plus capecitabine sig-
nificantly prolonged PFS (11.1 months vs. 4.1 months, p < 
0.001) and increased ORR (68.6% vs. 16.0%, p < 0.001) than 
capetabine monotherapy [2]. Both studies included patients 
with metastatic HER2-positive BC previously treated with 
no more than two lines of systematic therapy. Pyrotinib was  
approved in China in August 2018 for metastatic HER2-pos-
itive BC because of the remarkable result of the above phase 
II study and is currently in phase I clinical trial in the United 
States.

Pyrotinib and neratinib are both irreversible ErbB receptor 
TKIs, which are different in nature from lapatinib, a reversible 
HER1 and HER2 receptor TKI. Both pyrotinib and neratinib 
were found to have superior efficacy than lapatinib [5,6]. The 
median PFS of 11.1 months in PHENIX study achieved by  
pyrotinib plus capecitabine is comparable to that of 8.8 months 
achieved by neratinib plus capetabine as third or later line 
therapy in NALA trial and that of 12.9 months achieved by 
neratinib plus paclitaxel as first-line treatment in the NEfERT-
T trial [6,7], suggesting the potentially comparable efficacy of 
pyrotinib to neratinib. However, a common problem in both 
the phase II and phase III studies of pyrotinib is that patients 
were not optimally treated with anti-HER2 therapy before 
trials, and some patients were even naïve to trastuzumab 
[2,5]. Therefore, neither study could fully represent the major 
populations of global metastatic HER2-positive BC patients, 
who were usually optimally treated with multiple anti-HER2 
agents, especially in western countries where more drugs 
were available [8]. Questions about whether the results pf  
pyrotinib clinical trials were applicable in the current setting 
for anti-HER2 therapy remains [8].

Another question is whether pyrotinib is effective in pati-
ents with exposure to lapatinib. As for neratinib, in lapatinib-
treated cohort of TBCRC022 trial, neratinib plus capetabine 
arm had intracranial ORR of 33%, extracranial ORR of 43%, 
and median PFS of 3.1 months, demonstrating the activity of 
neratinib in lapatinib-treated patients [9]. However, no data 
so far is available regarding the activity of pyrotinib in lapat-
inib-treated patient.

HER2-positive BC has higher incidence of brain metasta-
sis than other BC subtypes, with a risk as high as 35%-50% 
[10,11]. Brain metastasis in BC is associated with very poor 
clinical outcome, with 1-year overall survival (OS) less than 
50% [11]. Blood brain barrier (BBB) hinders the efficacy of 
many drugs because of the limited penetration. Anti-HER2 
TKIs have been widely exploited due to their small molecule 
property that enhances the ability to penetrate the BBB [11]. 

Radiotherapy also is a common option for local control of 
brain lesions. Despite these efforts, the treatments for brain 
metastasis are still limited. In the subgroup analysis of PHE-
NIX study, 31 patients with brain metastasis were further 
analyzed, pyrotinib plus capetabine prolonged PFS by 2.7 
months compared to capetabine (6.9 months vs. 4.2 months, 
p=0.011), showing promising efficacy in brain metastasis [2]. 
However, the sample size is small and more data is needed to 
verify the intracranial efficacy of pyrotinib.

This study aimed to evaluate the efficacy of pyrotinib-based 
therapy in metastatic HER2-positive BC in the real world,  
especially focusing on lapatinib-treated patients and on brain 
metastasis, and to explore the efficacy and safety when it is 
combined with agents other than capetabine. To our knowl-
edge, this is the first real-world study of pyrotinib-based the-
rapy, and first study evaluating the efficacy of pyrotinib in 
lapatinib-treated patients.

 

Materials and Methods

1. Patient population and data collection 
Information of patients with metastatic HER2-positive 

BC treated with pyrotinib-based therapy in Fudan Univer-
sity Shanghai Cancer Center (FUSCC) under non-clinical 
trial settings from September 1, 2018 to March 1, 2019 was 
obtained. Eligible patients were women with histologically 
confirmed HER2-positive locally recurrent or metastatic BC. 
Patients who once received pyrotinib in clinical trial settings 
were excluded. For patients who underwent biopsies in the 
metastatic sites, hormone receptor and HER2 status were 
determined based on metastatic lesions. Last follow-up time 
was September 2019.

2. Treatment and dose modification
Patients were prescribed with pyrotinib in routine clinical 

practice. The standard dosage is 400 mg single dose orally 
per day. Starting dose, dose modification, dose interruption, 
treatment discontinuation, combination therapy with cyto-
toxic drugs and/or anti-HER2 agents and/or radiotherapy 
were determined by physicians’ choice based on previous 
clinical trials results, general health status and willing of  
patients. 

3. Efficacy and safety assessments
Tumor response assessments were based on Response 

Evaluation Criteria in Solid Tumor (RECIST) criteria (ver. 
1.1) using radiologic scans, including computed tomography 
(CT) or magnetic resonance imaging (MRI). Adverse events 
(AEs) were assessed according to the National Cancer Insti-
tute Common Terminology Criteria for Adverse Events (CT-
CAE, 4.03). AEs were collected based on a patient self-report-
ing system and by reviewing biochemical test results.
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The primary end point was PFS, which was defined as the 
time from initiating pyrotinib to date of disease progression 
confirmed by CT/MRI scan or death of any cause, regardless 
of whichever would occur first. Secondary endpoint inclu- 
ded ORR, OS, and safety. The ORR was defined as the pro-
portion of patients with complete response (CR) or partial 
response (PR). OS was defined as the time period from ini-
tiating pyrotinib treatment to the date of death of any cause. 
Disease-free interval was defined as the time from primary 
radical surgery to the date of relapse.

4. Statistical analysis
Median PFS and OS were calculated by the Kaplan-Meier 

method and the subgroup comparisons were evaluated using 
the log-rank test. Median follow-up period was calculated 
by reverse Kaplan-Meier method. Stepwise Cox regression 
model was used to analyze the correlations between factors 
and PFS. All statistical analyses were performed using SPSS 
ver. 19 (SPSS Inc., Chicago, IL). All statistical tests were two-
tailed and p < 0.05 was considered statistically significant.

5. Ethical statement
This study was approved by the FUSCC Ethics Commit-

tee (approval No. 2003215-19) and performed in accordance 
with the 1964 Helsinki declaration and its later amendments 
or comparable ethical standards. Informed consents were  
obtained in accordance with study protocol.

Results

1. Baseline characteristics 
A total of 122 patients were prescribed with pyrotinib  

under non-clinical settings in FUSCC from September 1, 
2018, to March 1, 2019. Nine patients were excluded because 
they transferred to other hospital and no further informa-
tion can be accessed. Therefore, 113 patients were included 
in our study. Median follow-up duration was 8.4 months 
(interquartile range, 7.0 to 9.9 months). Baseline characteris-
tics were summarized in Table 1. Median age of patients was 
53.4 years (range, 24 to 84 years). Thirty-one patients (27.4%) 
had brain metastasis. All patients except 1 (99.1%) were prior  
exposed to anti-HER2 therapy, with 99.1% patients exposed 
to trastuzumab and 50.4% exposed to lapatinib (Table 1). 
Ninety-one out of the 113 patients had received primary 
radical surgery when first diagnosed. Of the 91 patients with 
primary surgery, 43 (47.3%) have received standard 1-year 
adjuvant trastuzumab treatment, seven (7.7%) had inad-
equate adjuvant trastuzumab therapy due to all kinds of 
reasons, seven (7.7%) had primary resistance and relapsed 
during adjuvant trastuzumab therapy, and the remaining 
34 (37.4%) did not receive any anti-HER2 adjuvant therapy. 
Sixty-one point nine percent of patients received more than 

two lines of systematic therapy before. Fifty-three (46.9%), 46 
(40.7%), and 14 (12.4%) patients were exposed to 1, 2, and 3 
kinds of anti-HER2 agents, respectively. 

2. Treatment administration
Treatment administration was shown in Table 2. Most pati- 

ents (96.5%) received a combined therapy. Besides the com-
bination of pyrotinib plus capetabine previously studied in 

Table 1.  Patient characteristics at baseline

Characteristic No. (%) (n=113)

Age, median (range, yr) 53.4 (24-84)
HR status 
    HR positive 45 (39.8)
    HR negative 68 (60.2)
ECOG performance status 
    0-1 107 (94.7)
    ≥ 2 5 (4.4)
    Unknown 1 (0.9)
DFI 
    Primary metastatic 22 (19.5)
    DFI ≤ 1 yr 16 (14.2)
    DFI > 1 yr 75 (66.4)
Metastatic sites 
    Lymph nodes 74 (65.5)
    Lung 63 (55.8)
    Liver 57 (50.4)
    Bone 48 (42.5)
    Brain 31 (27.4)
    Local recurrence 30 (26.5)
    Pleura 21 (18.6)
    Contralateral breast 6 (5.3)
No. of metastatic sites 
    1 25 (22.1)
    2 28 (24.8)
    3 19 (16.8)
    ≥ 4 41 (36.3)
Visceral metastases 
    Yes 100 (88.5)
    No 13 (11.5)
Lines of systematic therapy of pyrotinib 
    1 20 (17.7)
    2 23 (20.4)
    3 25 (22.1)
    ≥ 4 45 (39.8)
Prior HER2-targeted therapy 
    Trastuzumab 112 (99.1)
    Lapatinib 57 (50.4)
    T-DM1 12 (10.6)
    Pertuzumab 5 (4.4)
HR, hormone receptor; ECOG, Eastern Cooperative Oncol-
ogy Group; DFI, disease-free interval; HER2, human epidermal 
growth factor receptor 2.
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clinical trial, common combined agents also included vino- 
relbine and trastuzumab. Most patients started pyrotinib 
treatments at the standard dose of 400 mg/day, but 26 (23.0%)  
and 43 (38.1%) patients experienced dose reduction and 
treatment interruption respectively. The most common AEs 
causing dose reduction and treatment interruption were dia- 
rrhea, vomiting, nausea, and anorexia. Four patients were 
more than 70 years old, and they all started pyrotinib at stand-
ard dose of 400 mg. One out of four experienced dose redu- 
ction twice, and another one out of four experienced dose  
reduction once. Seven patients (6.2%) discontinued treatment  
permanently due to intolerant AEs, including three due to 
diarrhea, three due to vomiting and one due to simultaneous 
diarrhea and vomiting.

3. Efficacy in all patients
A total of 113 patients were included in PFS analysis.  

Median PFS was 6.3 months (range, 5.54 to 7.06 months) 
(Fig. 1A). Forty patients (35.4%) were still in treatment and  
median OS has not achieved by the time of this study. 

A total of 105 patients were included in ORR analysis, with 
eight patients excluded because of lack of measurable lesions 
(Table 3). ORR was 29.5%, with 2 (1.9%) patients achieving 
CR. Of the two patients with CR response, one had a pri-

mary stage IV disease who has not been exposed to any anti-
HER2 therapy and received pyrotinib plus trastuzumab plus 
docetaxel as first-line therapy. The other patient had a tumor 
with primary resistance to trastuzumab who experienced 
metastasis to brain during perioperative systematic therapy 
and received pyrotinib plus capetabine plus whole brain  
radiotherapy as first-line therapy.

Table 2.  Treatment administration

Pyrotinib treatment No. (%) (n=113)

Regimens 
    Single agent 4 (3.5)
    Combined therapy 
        Pyrotinib+capetabine 67 (59.3)
        Pyrotinib+trastuzumab+capetabine  14 (12.4)
        Pyrotinib+vinorelbine 9 (8.0)
        Pyrotinib+trastuzumab 8 (7.1)
        Pyrotinib+paclitaxel 3 (2.7)
        Other 8 (7.1)
Dosage  
    Starting dosage (mg/day) 
        160 1 (0.9)
        240 1 (0.9)
        320 3 (2.6)
        400 108 (95.6)
    Dose escalation (mg/day) 
        160→400 1 (0.9)
        240→400 1 (0.9)
        320→400 1 (0.9)
    Dose reduction (mg/day) 
        400→320 24 (21.2)
        400→320→240 2 (1.8)
Interruption of treatment 43 (38.1)
Treatment discontinuation due to AEs 7 (6.2)
AEs, adverse events.

Fig. 1.  Kaplan-Meier plot of progression-free survival and log-
rank analysis of predictors of pyrotinib-based treatment. (A) 
Kaplan-Meier plot of progression-free survival of all patients  
treated with pyrotinib-based treatment. (B) Kaplan-Meier plot 
of progression-free survival for patients with ≤ 2 metastatic sites 
and > 2 metastatic sites. (C) Kaplan-Meier plot of progression-
free survival for patients with and without prior lapatinib expo-
sure. mPFS, median progression-free survival.
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The number of metastatic sites (≤ 2 vs. > 2) and prior expo-
sure to lapatinib were significantly correlated with PFS in 
log-rank analysis (p=0.004 and p=0.001, respectively) (Fig. 
1B and C), and were independent predictors of PFS in Cox 
multivariate analysis (p=0.048 and p=0.002, respectively) 

(Table 4). Patients exposed to one kind of anti-HER2 agent 
had significantly longer PFS (9.0 months) than those exposed 
to 2 (5.9 months) or 3 (5.1 months) kinds of anti-HER2 agents 
(S1A Fig.).

 
4. Efficacy of pyrotinib-based therapy in lapatinib-treated 
patients

Fifty-seven patients were previously exposed to lapat-
inib and later received pyrotinib-based therapy. One patient 
lacked measurable lesions. Of the remaining 56 patients, 
23.2% achieved PR response and no one achieved CR res-
ponse (Table 3). Median PFS in patients with and without 
previous exposure to lapatinib were 5.4 months and 9.0 
months, respectively (p=0.001) (Fig. 1C).   

5. Efficacy of pyrotinib-based therapy in brain metastasis
Thirty-one patients had brain metastasis at baseline. There 

is no difference in PFS between patients with and without 
brain metastasis (p=0.696) (S1B Fig.). Fifty-four point eight 
percent of patients have received radiotherapy of brain  
lesions in the previous recurrence. Overall median PFS (intra- 
cranial and extracranial lesions considered) for patients with 
brain metastasis was 6.7 months (range, 4.69 to 8.71 months). 
By the time of the study, 10 patients were still undergoing 
treatment. 

Table 4.  Log-rank and Cox multivariate analysis of factors associated with progression-free survival

Characteristic
 Log-rank analysis                     Cox multivariate analysis  

 p-value p-value Hazard ratio (95% CI)

DFI (> 1 yr vs. ≤ 1 yr vs. primary stage IV) 0.510 0.075
    > 1 yr vs. ≤ 1 yr   2.212 (1.079-4.535)
    > 1 yr vs. primary stage IV   0.887 (0.477-1.650)
Types of metastasis (non-visceral vs. visceral) 0.428 0.890 1.064 (0.441-2.571)
No. of metastatic sites (≤ 2 vs. >2) 0.004 0.048 1.778 (1.005-3.145)
Prior exposure to lapatinib (no vs. yes) 0.001 0.002 2.313 (1.347-3.971)
HR status (HR+ vs. HR–) 0.145 0.552 1.174 (0.692-1.992)
Age group (> 60 yr vs. ≤ 60 yr) 0.556 0.948 1.018 (0.593-1.749)
CI, confidence interval; DFI, disease free interval; HR, hormone receptor.

Table 3.  ORR rate in all patients and in patients with prior  
exposure to lapatinib

Response No. (%)

All patients 105 ( 
    Complete response 2 (1.9)
    Partial response 29 (27.6)
    Stable disease 44 (41.9)
    Progressive disease 22 (21.0)
    No data 8 (7.6)
ORR 31 (29.5)
Lapatinib-treated patients 56 (
    Complete response 0 (
    Partial response 13 (23.2)
    Stable disease 26 (46.4)
    Progressive disease 16 (28.6)
    No data 1 (1.8)
ORR 13 (23.2)
ORR, objective response rate.

Table 5.  Objective response rate for brain lesions 

Response
 All patients Patients without concurrent  Patients with concurrent   

 (n=25) radiotherapy or surgery (n=16) radiotherapy and/or surgery (n=9)

Best response
    Complete response 3 (12.0) 0 ( 3 (33.3)
    Partial response 4 (16.0) 1 (6.3) 3 (33.3)
    Stable disease 9 (36.0) 8 (50.0) 1 (11.1)
    Progressive disease 5 (20.0) 5 (31.3) 0 (
    No data 5 (20.0) 2 (12.5) 3 (33.3)
ORR 7 (28.0) 1 (6.3) 6 (66.7)
Values are presented as number (%). ORR, objective response rate.



Twenty-five patients were included in the intracranial 
ORR analysis, with six patients excluded due to lack of mea-
surable brain lesions (Table 5). Sixteen out of 25 patients 
did not receive concurrent radiotherapy or surgery of brain 
(Table 5). ORR was 28%, with 3/25 (12%) patients achiev-
ing CR and 4/25 (16%) patients achieving PR (Table 5). The 
three patients with CR response all received pyrotinib plus 
capetabine plus radiotherapy, and one of them has been  
exposed to three lines of systematic therapy before. In pati-
ents receiving pyrotinib-based systematic therapy and con-
current radiotherapy (8 patients) and/or surgery (1 patient) 
of the brain, the ORR was as high as 66.7% (6/9) (Table 5). 
After excluding those combined with radiotherapy, only 
1/16 (6.3%) patients achieved PR and no patient achieved 
CR (Table 5).

6. Safety
As we used a patient self-reporting system to document 

AEs, and given the retrospective nature of the study, omis-
sion in reporting AEs was unavoidable. Here we report the 
grade 3 to 4 AEs (Table 6). The most common grade 3 to 4 AEs 
were diarrhea (26.5%), palmar-plantar erythrodysesthesia 
syndrome (PPES, 9.7%), neutropenia (4.4%). Excluding those 
with pyrotinib monotherapy and those combined with cape-
tabine, toxicities remained tolerable. Most common grade 3 
to 4 AEs were diarrhea (38.1%) and neutropenia (4.8%).

Discussion

The advent of HER2 targeted therapy has dramatically 
improved the prognosis of HER2-positive BC. Pyrotinib is a 
novel anti-HER2 TKI recently approved in China. Our study 
showed promising effects of pyrotinib-based therapy with a 
median PFS of 6.3 months and an ORR of 29.5% in metastatic 

HER2-positive BC. Comparing to the median PFS of 18.1 
months and 11.1 months and the ORR of 78.5% and 68.6% 
achieved by pyrotinib plus capecitabine combination in pre-
vious phase II and III trials [2,5], our data were less fascinat-
ing. Several reasons should be taken into consideration. First 
of all, previous clinical trials included patients treated with 
two or less lines and some patients have not been exposed 
to any anti-HER2 therapy [2,5]. But in our cohort, over half 
patients were treated with more than two lines of systematic 
therapy, and over half received two or more kinds of anti-
HER2 agents. Therefore, our cohort represented a treatment 
refractory population, and also the general population of pati- 
ents with metastatic HER2-positive BC who were usually 
heavily treated with multiple anti-HER2 agents. Results of 
our study provided more experience outside the clinical tri-
als for clinicians in treating general metastatic HER2-posi-
tive BC patients. Secondly, the follow-up time of our study 
is rather short and more than 30% of patients were still in 
treatment. However, we should also keep in mind that our 
study cohort included few patients previously exposed to 
pertuzumab and/or T-DM1. Pertuzumab and/or T-DM1 
were common choices for front line treatments of HER2-pos-
itive BC patients globally. However, in China, pertuzumab 
was newly-approved and T-DM1 is waiting to be approved, 
which limited their usage in Chinese patients. Therefore, the 
role of pyrotinib in more heavily treated patients needs fur-
ther global study. We hope the result from the phase I clinical 
trial of pyrotinib in the United States of America might shed 
some light on this question.

The efficacy of pyrotinib-based therapy was significantly 
better in lapatinib-naïve patients than in lapatinib-treated 
patients (Fig. 1C). In lapatinib-naïve group, pyrotinib-based 
therapy achieved a median PFS of 9.0 months, numerically 
comparable to that of neratinib plus capetabine arm (8.8 
months) and better than that of lapatinib plus capetabine 
arm (6.6 months) in NALA study. In lapatinib-treated group, 
pyrotinib-based therapy had an ORR of 23.2%, which was 
a bit less than those from TBCRC022 trial (intracranial ORR 
33% and extracranial ORR of 43%), but the median PFS of 
5.4 months was numerically better than that from TBCRC022 
trial (3.1 months). For the first time to our knowledge, this 
result provided evidence of the activity of pyrotinib-based 
therapy after failure of lapatinib-based treatment.

For HER2-positive BC, brain is always a sanctuary site 
[1]. For patients with brain metastasis, treatments remain 
limited and prognosis remains poor. Although anti-HER2 
monoclonal antibodies and HER2-directed antibody drug 
conjugates were shown to improve survival in patients with 
brain metastasis in several studies [12-14], their intracranial 
effects remain controversial due to large-molecule property 
that hinders the infiltration through BBB. Anti-HER2 TKIs 
are important treatment options for brain metastasis. Petrelli 
et al. [15] conducted a pooled analysis including 12 studies 

Table 6.  Grade 3 to 4 adverse events

Grade 3 to 4 adverse events No. of patients (%)

Diarrhea  30 (26.5) 
PPES 11 (9.7)
Neutropenia  5 (4.4)
Elevated aminotransferase 4 (3.5)
Anemia  4 (3.5)
Vomit  4 (3.5)
Leukopenia  3 (2.7)
Weight loss 2 (1.8)
Thrombocytopenia 2 (1.8)
Mucositis oral 1 (0.9)
Fatigue  1 (0.9)
Anorexia  1 (0.9)
Blood bilirubin increased 1 (0.9)
PPES, palmar-plantar erythrodysesthesia syndrome.
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of the efficacy of lapatinib plus capecitabine in brain metasta-
sis in HER2-positive BC. Results showed that lapatinib plus 
capecitabine achieved an ORR of nearly 30% and a median 
PFS of 4.1 months [15]. In the TBCRC022 trial, neratinib plus 
capecitabine has also shown promising efficacy in HER2-
positive BC with brain metastasis with an ORR of 49% and 
33% and median PFS of 5.5 and 3.1 months in lapatinib-naïve 
and lapatinib-treated patients respectively [9]. 

In our study, in patients with brain metastasis and only  
received pyrotinib-based therapy without local control of 
brain metastasis such as radiotherapy and surgery, the ORR 
was very low (6.3%), which was disappointing when com-
pared to the efficacy of neratinib plus capetabine in brain me-
tastasis in TBCRC022 trial. More data are needed to further 
evaluate the intracranial efficacy of pyrotinib. However, in 
patients combined pyrotinib-based systematic therapy with 
radiotherapy and/or surgery, the ORR was as high as 66.7%, 
and three out of nine patients achieved CR in brain lesions. 
This response rate was much higher than the previous study 
of lapatinib plus concurrent radiotherapy, which reported an 
ORR of 35%, in the treatment of brain metastasis [16], sug-
gesting a possible treatment regimen of pyrotinib plus cyto-
toxic drugs plus radiotherapy for better intracranial control. 

Pyrotinib-based therapy was generally well-tolerated. The 
most common grade 3 to 4 AEs was diarrhea, which was con-
sistent with reports of the previous clinical trial. No severe  
AE was reported. Grade 3 to 4 PPES was less than that  
reported in clinical trials [2,5], mainly because about 40% of 
patients did not receive capecitabine as combined therapy. 
Combinations with agents other than capecitabine also dem-
onstrated good safety profile, suggesting more combination 
options including anti-HER2 antibodies and cytotoxic drugs. 

However, given that a patient self-reporting system is used 
in reporting AEs and the retrospective nature of the study, 
oblivion in AE reporting was unavoidable. 

Pyrotinib combination therapy demonstrated promising 
effects in metastatic HER2-positive BC with tolerable side 
effects, especially in lapatinib-naïve patients, and also some 
activity in lapatinib-treated patients. However, efficacy of 
pyrotinib-based therapy without concurrent radiotherapy in 
brain metastasis was not satisfying in our study and more 
investigations are needed in the future. But when combined 
with radiotherapy, pyrotinib-based therapy demonstrated 
remarkable intracranial disease control. More clinical tri-
als are needed to further exploit the potential of this novel  
irreversible pan-ErbB receptor TKI.
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Purpose
RIOK1 has been proved to play an important role in cancer cell proliferation and migration 
in various types of cancers—such as colorectal and gastric cancers. However, the expres-
sion of RIOK1 in breast cancer (BC) and the relationship between RIOK1 expression and 
the development of BC are not well characterized. In this study, we assessed the expres-
sion of RIOK1 in BC and evaluated the mechanisms underlying its biological function in this 
disease context. 

Materials and Methods
We used immunohistochemistry, western blot and quantitative real-time polymerase chain 
reaction to evaluate the expression of RIOK1 in BC patients. Then, knockdown or overex-
pression of RIOK1 were used to evaluate the effect on BC cells in vitro and in vivo. Finally, 
we predicted miR-204-5p could be a potential regulator of RIOK1.   

Results
We found that the expression levels of RIOK1 were significantly higher in hormone recep-
tor (HR)–negative BC patients and was associated with tumor grades (p=0.010) and p53 
expression (p=0.008) and survival duration (p=0.011). Kaplan-Meier analysis suggested a 
tendency for the poor prognosis. In vitro, knockdown of RIOK1 could inhibit proliferation, 
invasion, and induced apoptosis in HR-negative BC cells and inhibited tumorigenesis in 
vivo, while overexpression of RIOK1 promoted HR-positive tumor progression. MiR-204-5p 
could regulate RIOK1 expression and be involved in BC progression.  
Conclusion
These findings indicate that RIOK1 expression could be a biomarker of HR-negative BC, 
and it may serve as an effective prognostic indicator and promote BC progression.    
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Introduction

Breast cancer (BC) remains the cancer type with the high-
est morbidity among women, with 1.67 million diagnoses 
and 521,900 deaths in 2012 alone [1]. In recent years the  
average 5-year survival of BC patients has risen significantly  

owing to advances in adjuvant and local therapeutic treat-
ments, but in individuals with metastatic disease, such 
survival rates remain poor even following radical surgical 
treatment [2]. BC is a highly heterogeneous disease, with 
many recent efforts having been made to group BC patients 
according to a number of phenotypic parameters including 
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hormone receptor (HR) expression status and human epi-
dermal growth factor receptor 2 (HER2) expression levels, 
leading to the definition of BC subtypes including luminal A,  
luminal B, HER2, and triple-negative BC [3]. Between 60% 
and 75% of BC cases are found to be HR-positive upon  
diagnosis [4]. The prognosis of BC patients is influenced by 
a range of different parameters, with HR-positive BC being 
known to have a significantly better average prognosis rela-
tive to HR-negative BC [5,6]. BC tumors that are positive for 
estrogen receptor (ER) are dependent upon active estrogen 
levels for growth, and as such patients can be treated with 
estrogen blockers such as tamoxifen or with inhibitors of 
estrogen production, leading to a better patient prognosis. 
Similarly, patients with HER2-positive BC often respond 
well to the monoclonal antibody trastuzumab, leading to sig-
nificantly improved survival outcomes [7]. However, trastu- 
zumab resistance also frequently manifests among these 
patients and is associated with significantly poorer survival 
outcomes. Triple-negative BC, in contrast, lacks any avai- 
lable targeted therapeutics and is thus associated with a 
poorer prognosis than other disease subtypes [8]. These find- 
ings emphasize the importance of identifying prognostic bio-
markers and therapeutic targets which may allow for the bet-
ter management and treatment of HR-negative BC patients. 

Atypical protein kinases of the right open reading frame 
(RIO) family are present in almost all forms of life [9,10], 
with family members including RIOK1, RIOK2, and RIOK3. 
Both RIOK1 and RIOK2 are non-ribosomal proteins that are 
nonetheless essential for regulating ribosomal RNA bioge- 
nesis and cell cycle progression, with the depletion of either  
of these proteins in yeast having been shown to result in 
impaired 20S pre-ribosomal RNA processing. Similarly, 
RIOK2 is essential for 18S pre-rRNA production in human 
cells, whereas 21S pre-rRNA processing requires the activ-
ity of RIOK3 [11]. Proteins that regulate ribosomal biogen-
esis are known to have a profound impact of progression 
through the cell cycle, with RIOK1 depletion having been 
shown to result in S phase and mitotic arrest [12]. RIO  
kinases are also known to be important in the regulation 
of a wide range of disease types [13,14], with their overex-
pression having been previously detected in both non-small 
cell lung cancer (NSCLC) and colorectal cancer (CRC) [15]. 
In these contexts, RIOK1 has been shown to influence the 
proliferative, migratory, and invasive activity of tumor cells,  
although its exact mechanistic role in this context has not 
been fully [16]. Whether RIOK1 is similarly overexpressed 
and/or functionally important in BC remains uncertain, and 
further research is thus warranted to explore its relevance in 
this disease context.

Given that the biological function of RIOK1 in BC remains 
unclear, in the present study, we first evaluated the expres-
sion of RIOK1 in BC and then investigated the correlation 
between the RIOK1 expression and patient clinicopatho-

logical characteristics. We also evaluated the biological roles 
of RIOK1 by modulating its expression in BC cell lines. 
We found that knocking down RIOK1 was able to inhibit  
invasion, proliferation, G2/M cell cycle progression, and  
angiogenesis, while promoting cellular apoptosis via the pho- 
sphoinositide 3-kinase (PI3K)/AKT and mitogen-activated 
protein kinase (MAPK)/ERK pathway. Overexpression of 
RIOK1, in contrast, yielded the opposite phenotype. Bioin-
formatics analyses revealed that miR-204-5p was able to reg-
ulate the expression of RIOK1. Collectively, we found that 
RIOK1 plays an oncogenic role in BC and may represent a 
potential treatment target for BC patients. 

Materials and Methods

1. Patient sample collection
Sixty BC patient tissue samples were collected from pati-

ents undergoing surgical resection for quantitative real-time 
polymerase chain reaction (qRT-PCR) and western blot in 
the general surgery department of the Affiliated Hospital 
of Nantong University between 2018 and 2019. Following 
collection, tissues were snap-frozen prior to use. In addi-
tion, 166 paraffin-embedded BC patient tissue blocks were 
collected in the department of pathology between 2010 
and 2013 and were used for the retrospective study. All BC  
patient tumor samples had been independently evaluated by 
two pathologists, with differentiation, p53 expression levels, 
and HR/HER2 status being determined in light of the World 
Health Organization classification criteria. Patients that had 
undergone pre-surgical chemotherapy or radiotherapy were 
excluded from this analysis.

2. Immunohistochemistry and scoring
The expression of RIOK1 was assessed immunohistochem-

ically in the 166 paraffin-embedded tumor tissue samples  
(5-µm-thick sections) discussed above using a tissue micro- 
array approach, with each tissue sample having a core dia-
meter of 2 mm. Sections were first treated with dimethyl 
benzene to achieve deparaffinization, after which an ethanol 
gradient was used to dehydrate samples. Antigen retrieval 
was conducted by heating samples at 100°C for 4 minutes 
and then at 95°C for 10 minutes in sodium citrate buffer (10 
mM sodium-citrate mono-hydrate, pH 6.0), after which sam-
ples were allowed to cool to room temperature over 20 min-
utes prior to being washed with phosphate buffered saline 
(PBS). A 0.3% H2O2 solution was then applied to all samples 
for an additional 20 minutes in order to inhibit endogenous 
peroxidase activity, after which samples were probed over-
night using anti-RIOK1 (1:100, Immunoway Group, Plano, 
TX) at 4°C. A two-step reagent kit (horseradish peroxidase 
[HRP] anti-mouse/rabbit IgG, Dako, Santa Clara, CA) was 
then used to detect this primary antibody, with diaminoben-
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zidine (Dako) and hematoxylin counterstaining (Dako) being  
used to evaluate RIOK1 expression levels in these tissue 
samples. Two pathologists that had been blinded to patient 
outcomes next independently assessed RIOK1 staining in 
each tissue samples, scoring tissues according to staining 
intensity (with scores of 0, 1, 2, and 3 corresponding to no, 
weak, moderate, and strong staining, respectively) and the 
percentage of RIOK1-positive cells (with scores of 0, 1, 2, and 
3 corresponding to 0%-30%, 31%-60%, 61%-80%, and 81%-
100% RIOK1-positive, respectively). The product of these 
scores was then used to assess RIOK1 staining intensity, with 
an overall score of 0-3 being considered “low” and a score of 
3 or higher being considered “high.”  

3. qRT-PCR
TRIzol (Thermo Fisher Scientific, Waltham, MA) was 

used to isolate total RNA from 60 BC patient tissue samples  
after which a spectrophotometer (NanoPhotometer, IMP-
LEN, Munich, Germany) was used to quantify the RNA 
contents in individual samples. Next, the RevertAid First 
Strand cDNA Synthesis Kit (Thermo Fisher Scientific) was 
used to prepare cDNA from 10 µL of each RNA sample using 
the following thermocycler settings: 42°C for 60 minutes and 
70°C for 5 minutes. A Roche LightCycler 480 (Roche, Basel, 
Switzerland) was used to conduct qRT-PCR analyses of three 
replicate 2 µL cDNA samples, with individual reactions also 
containing 10 µL SYBR Green I Mix (Roche), 0.5 µL each of 
forward and reverse primers, and 7 µL nuclease-free H2O. 
Thermocycler settings were as follows: 95°C for 5 minutes; 45 
cycles of 95°C for 15 seconds, 60°C for 30 seconds, and 72°C 
for 30 seconds. Primers used in this study were as follows: 
RIOK1 (F, 5′-CCTTGGATTCTGATAACTGGAC-3′; R, 5′-AG-
GAAAATGGTGAAAACTTGG-3′), glyceraldehyde 3-phos- 
phate dehydrogenase (GAPDH; F, 5′-CGCTGAGTACGTCG-
TGGAGTC-3′; R, 5′-GCTGATGATCTTGAGGCTGTTGTC-3′). 
GAPDH expression was used for normalization purposes, 
with the 2−ΔΔCT approach used to assess relative RIOK1 expre-
ssion levels in samples.

4. Western blot
RIPA lysis buffer containing protease inhibitors was used 

to lyse and BC tumor tissue samples, which were then spun 
for 20 minutes at 12,000 rpm at 4°C. Supernatants were then 
collected, with a BCA kit (Beyotime Institute of Biotechnol-
ogy, Nantong, China) being used to quantify the protein con-
tents within each sample. Samples were then boiled for 15 
minutes in sodium dodecyl sulfate sample buffer, after which 
equal quantities of protein were separated via sodium do-
decyl sulfate polyacrylamide gel electrophoresis and trans-
ferred to polyvinylidene difluoride membranes. Membranes 
were in turn blocked for 2 hours at room temperature with 
5% skim milk in TBST. Blots were then probed with rabbit 
polyclonal anti-RIOK1 (1:1,000, Proteintech, Wuhan, China), 

anti–E-cadherin (1:1,000, Proteintech), anti-vimentin (1:1,000, 
CST, Danvers, MA); anti–N-cadherin (1:1,000, CST); PI3K 
(1:1,000, CST); p-AKT (1:2,000, CST); AKT (1:1,000, CST); 
cyclin B1 (1:500, Proteintech); p-ERK1/2 (1:1,000, Abcam, 
Cambridge, UK); ERK1/2 (1:2,000, Abcam). After washing 
in TBST, the membran washed thrice in TBST and incubated 
for 2 hours with appropriate HRP-conjugated secondary  
antibodies (1:1,000, Santa Cruz Biotechnology, Santa Cruz, 
CA). Enhanced che-miluminescence (Thermo Scientific) was 
then employed for protein detection, with analyses being  
repeated in triplicate.

5. Cell culture and transfection
BC cell lines MDA-MB-231 (HR-negative) and MCF-7 (HR- 

positive) were obtained from the Cell Bank of Type Culture 
Collection of the Chinese Academy of Sciences (Shanghai, 
China). MDA-MB-231 were maintained in Dulbecco’s modi-
fied Eagle’s medium (DMEM; Invitrogen, Carlsbad, CA) 
supplemented with 10% fetal bovine serum (GIBCO-BRL, 
Invitrogen), 100 µg/mL penicillin and 100 U/mL streptomy-
cin (Shanghai Genebase Gen-Tech, Shanghai, China). MCF-7 
cells were maintained in RPMI (Invitrogen) supplemented 
with 10% fetal bovine serum (GIBCO-BRL, Invitrogen), 100 
ug/mL penicillin, and 100 U/mL streptomycin. All cells 
were within a humidified atmosphere containing 5% CO2 at 
37°C. MDA-MB-231 cells and MCF-7 cells were transfected 
with Lipofectamine 3000 Reagent (Invitrogen) following the 
manufacturer’s protocol. Transfection efficiency was evalu-
ated by western blot and quantitative polymerase chain  
reaction.

6. Flow cytometry
Flow cytometry analysis was performed detecting cell  

cycle distribution and cell apoptosis according to the manu-
facturer’s protocol. Briefly, cells were trypsinized and fixed 
in centrifuge tubes containing 0.5 mL of 70% ethanol for at 
least 6 hours at 4°C, and then the suspension was centrifuged 
for 5 minutes at 1,000 rpm. Cell pellets were resuspended in 
5 mL of PBS for approximately 30 seconds and centrifuged 
at 300 ×g for 5 minutes, then resuspended in 1 mL of pro-
pidium iodide staining solution and kept in the dark at 37°C 
for 10 minutes. Samples were analyzed by a flow cytometer 
(BD, Franklin Lakes, NJ). The percentage of the cells in G0-
G1, S, and G2-M phase were collected and counted. When 
analyzing cell apoptosis, cells were washed by PBS and  
resuspended at a concentration of 1×106 cells/mL. Then an 
Annexin V-FITC Apoptosis Detection Kit (BD Biosciences, 
Oxford, UK) was used following the manufacturer’s protocol. 
After incubation in the dark at room temperature for 20 min-
utes, the samples were immediately analyzed by a FACScan 
flow cytometer (Becton Dickinson, Franklin Lakes, NJ). Each  
assay was performed in triplicate.
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7. Cell migration, invasion assay, and wound healing assay
For cell migration and invasion assays, the cells were per-

formed using a transwell system that incorporated a polycar-
bonate filter membrane. The transfected cells (5×104 cells per 
well) were plated in the upper chamber containing 200 µL of 
serum-free media. The lower chambers contained 10% fetal 
bovine serum. After 24 hours of incubation, chambers were 
selected and fixed with paraformaldehyde, then stained with 
crystal violet for migration assays. For invasion assays, the 
filters were precoated with Matrigel (BD) and DMEM or 
RPMI media mixture in a ratio of 1:6. We selected chambers 
of MDA-MB-231 after 24 hours and those of MCF7 after 48 
hours. The number of migrating or invading cells was count-
ed on the captured images.

For wound healing assay, cells were plated and transfected 
on 6-well plates. After cells reached confluence, the cells were 
incubated in serum-free DMEM or RPMI media. Then an  
artificial scratch of the cells was wounded with a 10 µL  
pipette tip. Then the cells were washed by PBS twice and 
serum-free medium was added for a further 24 hours. Each 
experiment was repeated three times.

8. Cell proliferation assays
We used Cell Counting Kit-8 (CCK-8; Dojindo, Tokyo,  

Japan), colony formation, and EdU assays to estimate cell 
ability of proliferation. Three thousand transfected cells 
were seeded in the 96-well plates and added 10 µL solution 
per well; the absorbance was read on 450 nm for 24 hours, 
48 hours, 72 hours, and 96 hours. For the colony formation  
assay, a total number of 800 transfected BC cells were plated 
in 6-well plates and cultured for about 2 weeks. Cell colo-
nies were fixed with 4% methanol and stained with crystal 
violet. Colonies were counted and each experiment was  
repeated 3 times. EdU assay (5-ethynyl-20-deoxyuridine) 
was performed with a commercial kit (Ribobio, Guangzhou, 
China). The red staining represented proliferating cells and 
blue staining represented cell nucleus.

9. Tube formation assay
Two hundred microliters of Matrigel (BD) was plated in 

24-well plates and incubated at 37°C for 30 minutes. When 
it became gel, 8×104 HUVECs were added in plates in two 
groups: supernatant from siNC transfection or siRIOK1 
transfection of MDA-MB-231. After incubation at 37°C for 
6 hours, tube formation was observed by microscope and 
saved.

10. Luciferase reporter assay
The wild type or mutation sequences within the predict-

ed 3′ untranslated region binding sites of the RIOK1 were 
transfected into 293T cells along with miR-204 mimics or 
NC, carrying a luciferase reporter plasmid. After 48 hours, 
the luciferase activity was measured by Dual-Luciferase  

Reporter Assay Kit (Promega, Madison, WI). 

11. Tumor xenografts
Four-week-old female nude mice were injected with 

MDA-MB-231 cells (1×107) with siRIOK1 or NC subcutane-
ously. After first injection, we transfected them in vivo each  
5 days. The volume of xenograft tumors was measured eve-
ry 5 days. After 30 days, the mice were executed and tumors 
were taken out for weighing.

12. Bioinformatics analysis
RIOK1 expression levels in a large BC patient cohort 

were assessed using the Oncomine database (https://www. 
oncomine.org) using the search terms “RIOK1,” “Cancer VS. 
Normal/Cancer Analysis,” and “Breast Cancer.” Data were 
compared based upon log2 median-centered intensity in  
Oncomine microarray datasets. Kaplan-Meier Plotter (http://
kmplot.com/analysis/) was further used to assess the rela-
tionship between RIOK1 expression levels and BC patient 
survival outcomes, yielding a survival curve for 3,951 BC  
patients and providing the corresponding p-value describing 
the relationship between RIOK1 expression and BC patient 
prognosis.

13. Statistical analysis
All statistical testing was conducted using SPSS ver. 20.0 

(IBM Corp., Armonk, NY), and GraphPad Prism 6.0 (Graph-
Pad Software Inc., San Diego, CA) was used to generate figures. 
Data are mean±standard deviation and were compared via 
Student’s t tests, Kaplan-Meier survival analyses, chi-square 
tests, and Cox regression analyses as appropriate. For univar-
iate and multivariate analyses of factors associated with BC  
patient prognosis, Cox proportional hazards regression mod-
els were used, with the results of these analyses reported as 
hazard ratios. p < 0.05 was the significance threshold. 

14. Ethical statement
The xenograft mice were performed with the Afliated Hos-

pital of Nantong University Animal Ethics Committee and 
according to the institutional guidelines.

The ethics committee of Nantong University Affiliated 
Hospital approved the present study, with all patients hav-
ing provided written informed consent to participate.

Results

1. RIOK1 expression of BC patients in database
We began by analyzing the Oncomine database to assess 

RIOK1 expression levels in BC patients. This analysis revea-
led that patients with ER- or progesterone receptor (PR)–neg-
ative BC had higher average RIOK1 expression levels than 
did patients who were ER- or PR-positive (p < 0.001) (Fig. 
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1A). The similar analysis showed the expression of RIOK1 
was different depended on the subclass of BC (Fig. 1B). Fur-
thermore, we found using Kaplan-Meier Plotter that BC  
patients with higher RIOK1 expression had a poorer progno-

sis than did patients with lower expression of this gene (p < 
0.001) (Fig. 1C).

Fig. 1.  The expression of RIOK1 was increased in breast cancer (BC) tissues and associated with poorer patient prognosis. (A, B) Expression 
of RIOK1 level in patients with hormone receptor (HR) status and different BC subclasses in The Cancer Genome Atlas (TCGA) database. 
(C) Kaplan-Meier survival curve of patients with BC from the TCGA database. (D) The overall survival (OS) of RIOK1-high patients (red) 
was significantly lower than that of RIOK1-low patients (blue). (E) The OS of HR-negative patients (green/orange) was significantly lower 
than that of HR-positive patients (red /blue). *p < 0.05, **p < 0.01, ***p < 0.001.
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2. RIOK1 is overexpressed in HR-negative BC tissues and 
correlates with clinicopathological parameters 

We first quantified RIOK1 expression via western blot in 
five HR-positive and five HR-negative BC tumor samples 
and immunohistochemistry staining. This analysis showed 
that the expression of RIOK1 at the protein level was signifi-
cantly higher in HR-negative BC tissue samples (Fig. 2A, B, 
and D). We further confirmed that RIOK1 expression was 

higher at the mRNA level in HR-negative BC tissue samples 
by comparing 40 HR-positive and 20 HR-negative samples 
via qRT-PCR (p < 0.001) (Fig. 2C). To explore the relationship 
between RIOK1 expression levels and BC disease progres-
sion using a tissue microarray of 166 BC patient samples. Of 
these 166 samples, 91 (54.8%) exhibited high RIOK1 immu-
nohistochemical expression, while the remaining 75 (45.2%) 
are RIOK1-low (Table 1). Tumors that of a higher grade had 

Fig. 2.  RIOK1 was significantly upregulated in hormone receptor (HR)–negative tissues. (A, B) Assessment of RIOK1 expression in five 
HR-positive and five HR-negative breast cancer (BC) tissue samples as analyzed via Western blot. (C) The expression of RIOK1 at the 
mRNA level was assessed in 40 HR-positive and 20 HR-negative BC tissues via quantitative real-time polymerase chain reaction. (D) 
Staining in HR-negative BC tissue samples (left) and in HR-positive BC tissue samples (right) in situ. Original magnification: ×40 (upper), 
×400 (lower). (E) RIOK1 staining was weak in grade I tumors (left), moderate in grade II tumors (middle), and strong in grade III tumors 
(right). Original magnification: ×40 (upper), ×400 (lower). (F) The database shows the relevance between RIOK1 and p53. ER, estrogen 
receptor; PR, progesterone receptor; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; TPM, transcripts per million. **p < 0.01, ****p 
< 0.0001 vs. HR-negative tissues.
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Table 1.  The relationship between RIOK1 and p53 expression and clinicopathological parameters 

Clinicopathological 
 No.

                     RIOK1   
p-value

                   p53   
p-value

parameter  Low or No High  Low or No High

Total 166 91 75  108 58
Age (yr)  
    < 50 67 39 28 0.473 46 21 0.427
    ≥ 50 99 52 47  62 37 
Tumor diameter (mm) 
    ≤ 20 74 42 32 0.655 51 23 0.353
    > 20 92 49 43  53 75 
Tumor stage (TNM)    
    I 52 29 23 0.269 38 14 0.077
    II 86 51 35  55 31 
    III-IV 28 11 17  15 13 
Histological grade 
    I 21 15 6 0.010* 17 4 0.263
    II 99 59 40  62 37 
    III 46 17 29  29 17 
Hormone receptor 
    ER 
        Negative 65 24 41 < 0.001*** 35 30 0.015*
        Positive 101 67 34  73 28 
    PR 
        Low 74 27 47 < 0.001*** 39 35 0.003**
        High 92 64 28  69 23 
    HR status   
        ER (+)/PR (+) 89 62 27 < 0.001*** 66 23 0.003**
        ER (–)/PR (+) 3 2 1  3 0 
        ER (+)/PR (–) 12 5 7  7 5 
        ER (–)/PR (–) 62 22 40  32 30 
Molecular type 
    Luminal A 27 17 10 < 0.001*** 23 4 0.012*
    Luminal B 74 52 22  51 23 
    HER2+ 38 13 25  18 20 
    TNBC 27 9 18  16 11 
Aggressive phenotype 
    HER2 
    Low 99 58 41 0.238 78 21 < 0.001***
    High 67 33 34  30 37 
Triple-negative phenotype 
    No 141 82 59 0.040* 93 48 0.568
    Yes 25 9 16  15 10 
Lymph node metastasis 
    Negative 92 54 38 0.263 54 38 0.263
    Positive 74 37 37  37 37 
Ki67 
    Low 70 43 27 0.129 49 21 0.237
    High 96 47 49  58 37 
Survival time (mo)   
    ≥ 80   128 78 50 0.011* 88 40 0.228
    < 80   33 12 21  19 14 
(Continued to the next page)
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significantly increased RIOK1 protein expression levels (p= 
0.010) (Fig. 2E). In these samples, we found that RIOK1  
expression was higher in HER2+ and triple-negative BC 
patient tumor samples relative to those from patients with 
luminal A or B disease based on HR status (p < 0.05). No 
relationship was observed between RIOK1 expression and 
patient age, tumor diameter, lymph node metastasis, or Ki67 
expression. p53 staining results from the pathology depart-
ment also revealed a significant association between RIOK1 
and P53 levels in these BC patient tissue samples (p=0.008). 
Database also suggested a potential correlation between 
RIOK1 and p53 (Fig. 2F). Moreover, elevated RIOK1 expres-
sion was associated with an 80-month survival duration 
(p=0.011).

3. Correlation between RIOK1 expression and prognosis 
in BC patients

We next further assessed how RIOK1 expression in BC 
tumor tissues was associated with BC patient survival out-
comes using Kaplan-Meier survival analyses. Through this 
approach, we observed significantly longer overall survival 
(OS) in BC patients with low RIOK1 expression levels rela-
tive to those with higher expression of this protein (p=0.003) 
(Fig. 1D). This analysis further confirmed that molecular 

subtype was another key determinant of BC patient survival 
outcomes (p=0.017) (Fig. 1E). When comparing RIOK1-pos-
itive and -negative samples, a crude HR of 2.473 was calcu-
lated. A univariate analysis revealed that elevated RIOK1 
expression (p=0.012), Ki67 levels (p=0.042), lymph node 
metastasis (p=0.001), and HER-2 positive (p=0.032) were all 
associated with a poorer BC patient prognosis (Table 2). A 
subsequent multivariate analysis further confirmed that both 
lymph node metastasis and RIOK1 expression levels were 
independent predictors of BC patient (p=0.003 and p=0.038, 
respectively) (Table 2). 

4. RIOK1 promotes migration, invasion, and angiogenesis 
in BC cells

As the expression of RIOK1 was higher in the MDA-MB- 
231 cell line relative to in MCF7 cells, we knocked down and 
overexpressed RIOK1 in these respective cell lines (Fig. 3A, 
S1 Fig.). Given that metastasis contributes to the low survival 
rate of BC patients, we evaluated the role of RIOK1 in BC  
migration and invasion. Transwell and wound healing anal-
yses revealing that RIOK1 knockdown impaired cell motility, 
whereas RIOK1 overexpression had the opposite effect (Fig. 
3B-D). Angiogenesis is an additional key driver of tumor 
metastasis. The tube formation assay revealed that when 
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Table 1.  Continued

Clinicopathological 
 No.

                     RIOK1   
p-value

                   p53   
p-value

parameter  Low or no High  Low or no High

p53  
    Low  115 65 40 0.008** - - -
    High 51 20 31  - - 

Statistical analysis were carried out using Person χ2 test. ER, estrogen receptor; PR, progesterone receptor; HR, hormone receptor; HER2, 
human epi dermal growth factor receptor 2; TNBC, triple-negative breast cancer. *p < 0.05, **p < 0.01, ***p < 0.001.

Table 2.  Assessment of prognostic factors associated with BC patient 80-month survival via univariate and multivariate approaches

Clinicopathological parameter
                             Univariate analysis                            Multivariate analysis

 Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value

RIOK1 (high vs. low) 2.473 (1.216-5.028) 0.012* 2.133 (1.041-4.372) 0.038* 
Ki67 (high vs. low) 2.213 (1.028-4.763) 0.042* - -
Lymph node metastasis (yes or no) 3.364 (1.598-7.079) 0.001** 3.069 (1.449-6.498) 0.003**
p53 (high vs. low) 1.517 (0.749-3.071) 0.247 - -
ER (yes or no) 0.551 (0.278-1.090) 0.086 - -
PR (yes or no) 0.612 (0.308-1.215) 0.160 - -
HER2 (yes or no) 2.132 (1.068-4.255) 0.031* - -
Age stage (≤ 50 yr vs. > 50 yr) 1.471 (0.713-3.033) 0.296 - -
Tumor diameter (≤ 2 cm vs. > 2 cm) 1.852 (0.881-3.892) 0.104 - -
Grade (well/moderately vs. poorly) 2.530 (0.605-10.577) 0.203 - -
BC, breast cancer; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 
2. *p < 0.05, **p < 0.01.
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RIOK1 was knocked down, tube formation was impaired in 
MDA-MB-231 cells (Fig. 3E). Consistent with these data, the 
expression of E-cadherin was increased and vimentin and  
N-cadherin were markedly downregulated when RIOK1 

was knocked down (Fig. 3F). 

Zhiqi Huang, RIOK1 Promotes Breast Cancer Progression

Fig. 3.  Inhibiting RIOK1 expression decreased breast cancer (BC) cells migration, invasion, and angiogenesis. (A) Relative expression of 
RIOK1 in BC cell lines. (B) A wound healing assay was performed to determine the migration of MDA-MB-231 and MCF7 cells. (C, D) 
Transwell assay was used to measure the capacity of invasion and migration capacity on BC cells transfected with siRIOK1 or pcDNA 
compared with siNC or empty vector. (Continued to the next page)
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5. RIOK1 modulates BC cell proliferation, cell cycle pro-
gression, and apoptosis

CCK-8 and colony formation assays indicated that RIOK1 
affected the proliferation of BC cells (Fig. 4A-D). We addi-
tionally used EdU incorporation assays to assess the per-
centage of proliferating BC cells when RIOK1 was knocked 
down (Fig. 4E). Flow cytometry revealed that BC cells 
exhibited G2/M phase arrest when RIOK1 was knocked 
down (Fig. 4F), with these cells additionally exhibiting  
increased rates of apoptosis, while apoptosis was inhibited 
in MCF7 cells overexpressing RIOK1 (Fig. 4G and H). We 
then used western blot to measure the expression of proteins  
related to the above analyses. In light of their importance in 
HR-negative BC, we analyzed the PI3K/AKT and MAPK/
ERK signaling pathways in MDA-MB-231 cells, revealing 
that  phospho-AKT and phospho-ERK1/2 levels were down-
regulated when RIOK1 was knocked down, indicating that 
RIOK1 may affect BC cells via these two pathways (Fig. 4I).

6. Knockdown of RIOK1 inhibits tumor growth in vivo
We next investigated whether RIOK1 was able to modu-

late BC tumorigenesis in vivo. MDA-MB-231 cells transfect-
ed with siRIOK1 or siNC were injected into nude mice and  
tumor growth was then monitored, revealing that tumors 
were smaller in mice in the siRIOK1 group relative to the 
siNC group (Fig. 5A-D). We additionally confirmed via qRT-
PCR that RIOK1 expression was knocked down by siRIOK1 
(Fig. 5E). These results thus suggested that knockdown of 
RIOK1 was able to inhibit tumor growth in vivo.

7. miR-204-5p modulates RIOK1 expression and impact 
HR-negative BC

To identify potential miRNAs that target RIOK1, we used 
TargetScan, miRDB, starBase, and Tarbase to identify miR-
204-5p as the only predicted miRNA targeting this gene (Fig. 
6A). We then detected the expression of RIOK1 in MDA-231 
cells which was transfected with a miR-204-5p mimic or  
inhibitor (Fig. 6B). A luciferase reporter assay confirmed that 
miR-204-5p and RIOK1 were able to directly interact with 
one another in cells (Fig. 6C). Furthermore, we performed 
rescue assays to validate whether miR-204-5p was able to 
reverse the pro-tumorigenic role of RIOK1 in BC cells, and 
we determined that miR-204-5p/RIOK1 promoted BC cell 
proliferation and migration in vitro (Fig. 6D-F). Furthermore, 
through a database search, we found that lower miR-204  
expression was predictive of a worse outcome in BC patients 
(S2 Fig.). Together, these data suggested that miR-204-5p was 
able to impact RIOK1 and to modulate its ability to influence 
tumor progression.

Discussion

RIOK1 is a key kinase in the RIO protein family. Kinases 
are essential regulators of all cellular processes, and make up 
roughly 2% of all eukaryotic genes [17], regulating transcrip-
tion, translation, and protein function via phosphorylation of 
specific target proteins [18]. While best studied in yeast, RIO 
kinases are also thought to be key regulators of ribosomal  

Fig. 3.  (Continued from the previous page) (E) The effect of the RIOK1 expression of MDA-MB-231 cells on endothelial cell tube formation. 
(F) Western blot analysis was used to detect the RIOK1 level on epithelial-mesenchymal transition process markers. *p < 0.05, **p < 0.01, 
***p < 0.001.
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Fig. 4.  RIOK1 promoted breast cancer (BC) cells proliferation, induced cell cycle arrest, and reduced cell apoptosis. (A, B) Cell Counting 
Kit-8 assay presented the proliferation capacity of MDA-MB-231 and MCF7 cells transfected with siRIOK1 or pcDNA compared with 
siNC or empty vector. (C, D) Colony formation assay was used to detect the proliferation of MDA-MB-231 and MCF7 cells transfected 
with siRIOK1 or pcDNA. (E) EdU assay was used to evaluate cell proliferation. Representative images for EdU-positive cells (red) and 
Hoechst-stained nuclei (blue) of MDA-MB-231 transfected with siRIOK1 or siNC were shown in the left. Quantification data was shown 
in the right. (Continued to the next page)
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Fig. 4.  (Continued from the previous page) (F) Flow cytometry of cell cycle was used to analyze the effect of siRIOK1 on MDA-MB-231 cells. 
(G, H) Induction of apoptosis of BC cells was analyzed by flow cytometry on MDA-MB-231 and MCF7 cells transfected with siRIOK1 
or pcDNA compared with siNC or empty vertor. PI3K, phosphoinositide 3-kinase. (I) Western blot analysis of proliferation-related and 
apoptosis-related pathway proteins on MDA-MB-231 cells transfected with siRIOK1 or siNC. *p < 0.05, **p < 0.01.
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biogenesis in mammalian cells. Indeed, RIOK1 has been 
shown to be closely linked to mammalian cell prolifera-
tion, with its absence leading to cell cycle arrest at the G2/M 
checkpoint in affected cells [19]. The dependent of cell pro-
liferation on RIOK1 activity was evident even in a study 
of RAS-driven tumor cells, suggesting that therapeutic tar-
geting of RIOK1 may be a viable strategy for treating such 
RAS mutant cancers [20]. RIOK1 has also been shown to be 
overexpressed in CRC and NSCLC [15], but it has not been 
directly studied in the context of BC.

BC remains the most common invasive cancer type affect-

ing women [21], with these tumors being classified using a 
number of different systems that offer insight into the asso- 
ciated disease prognosis and amenability to therapeutic 
treatment. In the present study, for the first time, we detected 
high RIOK1 expression in approximately half of BC patient 
tumors, with this protein primarily localizing to the cyto-
plasm in these cancer cells. These findings suggested that 
RIOK1 may not undergo nuclear translocation, or that high-
er expression may be associated with increased cytoplasmic  
localization. We similarly found that the expression of RIOK1 
at both the mRNA and protein level was significantly corre-

Fig. 5.  Knockdown of RIOK1 inhibited tumor growth in vivo. (A, B) Knockdown of RIOK1 inhibited the growth of MDA-MB-231 cells in 
nude mice. (C) Growth curves of xenograft tumors with siRIOK1 or siNC. (D) The weight of tumors from two groups after removal. (E) 
RIOK1 expression in tumor tissues was detected by quantitative real-time polymerase chain reaction. *p < 0.05, **p < 0.01.
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lated with tumor HR status, tumor grade, and with patient 
survival outcomes. Specifically, HR-negative tumors exhib-
ited higher RIOK1 expression, and such elevated RIOK1 
expression was in turn associated with reduced BC patient 
OS in both univariate and multivariate analyses. These  

results, therefore, indicated that RIOK1 expression level is an 
independent predictor of BC patient survival outcomes. HR 
status has been regarded as a determining factor of progno-
sis and lacked of specific molecular therapy. We found the 
clinical association between RIOK1 and HR, however, the  

Fig. 6.  miR-204-5p directly targeted on RIOK1 and regulated the effects of RIOK1 on hormone receptor (HR)–negative breast cancer (BC) 
cells. (A) Bioinformatics analysis of predicted miRNAs interacted with RIOK1. (B) Western blot analysis of RIOK1 expression in MDA-
MB-231 after transfection with miR-204-5p or inhibitor. (C) The luciferase reporter assay showed a relationship between miR-204-5p and 
RIOK1. (Continued to the next page)
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relationship between RIOK1 and HR was unclear, and fur-
ther experiments are required to explore this association. 

Interestingly, elevated RIOK1 expression was shown to 
be associated with elevated p53 levels in this analysis, and 
this has not been previously reported in other cancers. In  
addition, HR-negative BC patient samples exhibited elevated 
p53 levels in much the same way that they exhibited higher 
levels of RIOK1 expression. p53 is well known to function 
as a tumor suppressor gene, with the wildtype version of 

the p53 protein functioning to promote DNA repair and cell  
cycle arrest when it is [22,23]. Mutations that disrupt such 
wild type p53 functionality, however, are very common in 
tumors, affecting upwards of 80% of triple-negative BC and 
other serious tumor types [24]. As a result, such p53 muta-
tions in immunohistochemistry are closely associated with 
reduced BC patient survival [25,26]. Previous work by  
Darb-Esfahani et al. [27] has further demonstrated that p53 
levels are higher in triple-negative BC (74.8%) and HER2-pos-

Fig. 6.  (Continued from the previous page) (D, E) Effect of miR-204-5p and RIOK1 on BC cell proliferation capability. (F) Effect of miR-204-5p 
and RIOK1 on BC cell migration capability. *p < 0.05.

D

OD
 v

al
ue

 (4
50

 n
m

)

Time (day)

0

1.5

0.5

1.0

1 3 42

Scramble
miR-204 inhibitor
miR-204 inhibitor+siRIOK1
siRIOK1

MDA-MB-231

E

M
DA

-M
B-

23
1

MDA-MB-231

N
o.

 o
f c

ol
on

ie
s

0

500

100

200

300

400

Scramble miR-204
inhibitor

miR-204
inhibitor
+siRIOK1

siRIOK1

Scramble miR-204 inhibitor miR-204 inhibitor
+siRIOK1 siRIOK1

F

M
DA

-M
B-

23
1

MDA-MB-231

Ce
ll 

co
un

t

0

600

200

400

Scramble miR-204
inhibitor

miR-204
inhibitor
+siRIOK1

siRIOK1

Scramble miR-204 inhibitor miR-204 inhibitor
+siRIOK1 siRIOK1

VOLUME 52 NUMBER 4 OCTOBER 2020     1081



Cancer Res Treat. 2020;52(4):1067-1083

itive BC (55.4%), suggesting that such tumors may express  
high levels of mutant p53 that are associated with a poorer 
patient prognosis. Previous studies have largely failed to 
address the relationship between RIO family proteins and 
p53, with just one study having demonstrated an interaction 
between these proteins and p53 activity [14]. In this study, 
only clarified the clinical link between RIOK1 and p53, but 
further follow-up experiments will be needed to understand 
the mechanistic basis for this association.

Finally, through cell phenotypes assays, we found RIOK1 
could affected various tumor process such as proliferation, 
apoptosis, cell cycle, migration, and ivnvasion of BC cells. 
To investigate the mechanism on the subsequent studies, we 
detected several protein levels that regulate tumor process 
such as epithelial-mesenchymal transition, PI3K/AKT, and 
MAPK/ERK. To figure out what regulate RIOK1, we used 
four databases to find out the potential upstream miRNA. 
Only one miR-204-5p was in the list. MiR-204-5p was repor-
ted to be a tumor suppressor in BC patients and predicted 
poorer prognosis [28]. Shen et al. [29] revealed that the  
upregulation of miR-204-5p inhibits the proliferation, inva-
sion, and migration of BC cells. In addition, in BC spheroids, 
miR-204 was downregulated in MDA-MB-231 cells than in 
MCF-7 cells, which means miR-204 could be associated with 
HR status, similarily [30]. We verified the relationship bet-
ween miR-204 and RIOK1 by luciferase assay and co-trans-
fected miR-204 and siRIOK1. According to our study, sev-
eral assays indicated that miR-204-5p could regulate RIOK1  
activity. Therefore, we speculated that miR-204-5p could be a 

potential regulator of RIOK1. 
In summary, the results of this analysis for the first time 

indicate that HR-negative BC tumor tissues exhibit higher 
levels of RIOK1 expression, with RIOK1 expression also  
being associated with other clinicopathological character-
istics in these patients. Importantly, elevated RIOK1 lev-
els were associated with a poorer BC patient prognosis. 
RIOK1 expression levels were also associated with those of 
p53, which is already known to be a predictor of poor BC  
patient outcomes. RIOK1 could regulate BC cells proliferation, 
apoptosis, and metastasis by affecting the PI3K/AKT and 
MAPK/ERK signaling pathways in HR-negative BC cells. As 
such, we identified RIOK1 as a potential therapeutic target in  
patients with BC, although further in-depth multi-discipli-
nary studies will be needed to validate this possibility. 
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Purpose
Breast cancer stem cells (BCSCs) contribute to the initiation, development, and recurrence 
of breast carcinomas. β1,4-Galactosyltransferase V (B4GalT5), which catalyzes the addi-
tion of galactose to GlcNAcβ1-4Man of N-glycans, is involved in embryogenesis. However, 
its role in the modulation of BCSCs remains unknown. 

Materials and Methods
The relationship between B4GalT5 and breast cancer stemness was investigated by online 
clinical databases and immunohistochemistry analysis. Mammosphere formation, fluo-
rescence-activated cell sorting (FACS), and in-vivo assays were used to evaluate B4GalT5  
expression in BCSCs and its effect on BCSCs. B4GalT5 regulation of Wnt/β-catenin signal-
ing was examined by immunofluorescence and Ricinus communis agglutinin I pull-down 
assays. Cell surface biotinylation and FACS assays were performed to assess the associa-
tion of cell surface B4GalT5 and BCSCs.   

Results
B4GalT5, but not other B4GalTs, was highly correlated with BCSC markers and poor prog-
nosis. B4GalT5 significantly increased the stem cell marker aldehyde dehydrogenase 1A1 
(ALDH1A1) and promoted the production of CD44+CD24–/low cells and the formation of 
mammospheres. Furthermore, B4GalT5 overexpression resulted in dramatic tumor growth 
in vivo. Mechanistically, B4GalT5 modified and protected Frizzled-1 from degradation via 
the lysosomal pathway, promoting Wnt/β-catenin signaling which was hyperactivated in 
BCSCs. B4GalT5, located on the surface of a small subset of breast carcinoma cells, was 
not responsible for the stemness of BCSCs. 

Conclusion
B4GalT5 modulates the stemness of breast cancer through glycosylation modification to 
stabilize Frizzled-1 and activate Wnt/β-catenin signaling independent of its cell surface 
location. Our studies highlight a previously unknown role of B4GalT5 in regulating the 
stemness of breast cancer and provide a potential drug target for anticancer drug develop-
ment.
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Introduction

Breast cancer is one of the most common malignant can-
cers among women worldwide with more than 2 million new 
cases expected to be diagnosed and 600 thousand deaths in 
2018 [1]. Although current treatments, to a certain extent,  
effectively reduce tumor bulk, many patients with breast 
cancer still experience recurrence, metastasis, and ultimately 

death.
Cancer stem cells (CSCs) are a small subset of poorly dif-

ferentiated tumor cells within a tumor that show self-renewal 
and differentiation into heterogeneous lineages [2]. CSCs 
also account for chemo- and radioresistance, resulting in  
tumor recurrence and eventually metastasis due to the fail-
ure of current treatments [2]. Moreover, breast cancer stem 
cells (BCSCs) are regulated by several transcriptional factors 
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and signaling pathways, such as Nanog, Oct4, Notch path-
way, and Wnt/β-catenin pathway [3]. Extensive evidence 
has shown that BCSCs are a crucial factor that contributes to 
the initiation, development, relapse, and chemoresistance of 
breast cancer.

A growing body of evidence supports aberrant glycosyla-
tion of cell surface receptors as a consequence of oncogenic 
transformation in different aspects of tumor progression, 
including proliferation, invasion, angiogenesis, and metas-
tasis [4]. Within a tumor, altered glycosylation of proteins 
is frequently attributed to abnormal expression of glycosyl-
transferases [5]. Therefore, these enzymes are considered 
therapeutic targets, as aberrant glycans may be involved in 
promoting tumor progression and metastasis.

The β1,4-galactosyltransferase (B4GalT) family belongs 
to type II membrane-bound glycoproteins mainly located 
in the Golgi apparatus that exclusively transfer an active 
UDP-galactose in a β1,4 linkage to acceptor sugars [6]. There 
are currently seven members of the β4GalT gene family, 
B4Gal-T1-T7, which participate in the biosynthesis of differ-
ent glycoconjugates and saccharide structures with slightly 
different substrate affinities and end products [6]. Specifi-
cally, B4GalT5 has been reported to catalyze the addition 
of galactose to GlcNAcβ1-4Man of glycans and functions 
as an important regulator in extraembryonic development 
[6]. Considerable research has revealed that extraembryonic  
development shares similarities with tumorigenesis in terms 
of biological behaviors (such as migration and invasion, gene 
expression and protein profiles, signaling pathways, and cell 
differentiation) [7], strongly suggesting that B4GalT5 may be 
involved in modulating the stemness of BCSCs. In this study, 
we demonstrated that B4GalT5 is upregulated in BCSCs to 
maintain the stemness of these cells by glycosylating the  
receptor Frizzled-1 and constantly activating Wnt/β-catenin 
signaling. Furthermore, we showed that B4GalT5 is located 
on the cell surface of a small subset of breast cancer cells, but 
cell surface localization did not play a decisive role in the 
stemness of BCSCs.

 

Materials and Methods

1. Reagents 
Roswell Park Memorial Institute (RPMI) 1640 medium, min-

imum essential medium (MEM), Leibovitz’s L-15 medium,  
Dulbecco’s modified Eagle medium: nutrient mixture F-12 
(DMEM/F-12), epidermal growth factor (EGF), basic fibro-
blast growth factor (bFGF), and B27 were purchased from 
Gibco (Grand Island, NY). Fetal bovine serum (FBS) and 
trypsin were purchased from Gibco-Invitrogen. Insulin and 
fluorescein isothiocyanate (FITC)-conjugated goat anti-rab-
bit antibody were purchased from Solarbio (Beijing, China). 
Antibodies to detect aldehyde dehydrogenase 1A1 (ALD-

H1A1), phosphorylated GSK3β (Ser 9), β-catenin, phospho-
rylated β-catenin (Ser 45), Erk, and His were products of Cell 
Signaling Technology (Boston, MA). SuperSignal West Fem-
to Maximum Sensitivity Substrate, EZ-Link Sulfo-NHS-SS-
Biotin, Pierce NeutrAvidin agarose, anti-B4GalT5, FITC-con-
jugated anti-CD44 and allophycocyanin (APC)-conjugated 
anti-CD24 antibodies were obtained from Thermo Scientific 
(Waltham, MA). Anti–Frizzled-1 and phycoerythrin (PE)-con- 
jugated anti-His antibodies were purchased from R&D Sys-
tems (Minneapolis, MN). PE-conjugated anti–epithelial spe-
cific antigen antibody was purchased from Biolegend (San 
Diego, CA). The primary antibodies (β-actin and glyceralde-
hyde 3-phosphate dehydrogenase) and the secondary anti-
bodies were purchased from HuaBio (Hangzhou, China). 
Horseradish peroxidase (HRP)-streptavidin, biotinylated 
Ricinus communis agglutinin I (RCA-I), and agarose-bound 
RCA-I were obtained from Vector Laboratories (Burlingame, 
CA). 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazo-
lium bromide (MTT) was purchased from Sigma-Aldrich 
(St. Louis, MO). The ALDEFLUOR Kit was purchased from 
Stem Cell Technologies (Vancouver, BC, Canada). The Myco-
plasma PCR Detection Kit, DAPI, cell lysis buffer for western 
blot and immunoprecipitation (IP), phenylmethanesulfo-
nylfluoride (PMSF), MG132, membrane and cytosol protein 
extraction kit and BCA Protein Assay Kit were purchased 
from Beyotime Institute of Biotechnology (Shanghai, Chi-
na). B4GalT5 siRNA, NC siRNA, shB4GalT5 plasmid, and 
shNC plasmid were constructed by GenePharma (Shang-
hai, China). Triptolide with purity > 99% was obtained from 
Shanghai Institute of Materia Medica. Wnt 3β and leupeptin 
were obtained from the Laboratory of Molecular Medicine at 
Ocean University of China.  

2. Tissue microarray 
Tissue microarray (TMA; HBreD090CS01) was purchased 

from Shanghai Outdo Biotech Co., Ltd. (Shanghai, China). 
The TMA has 90 cores from 45 patients with invasive breast 
cancer, including 45 tumor tissues and 45 corresponding  
adjacent tissues. The immunohistochemical staining rate was 
classified as 0 (negative), 1 (1%-25% positive tumor cells), 2 
(26%-50%), 3 (51%-75%), and 4 (76%-100%). Staining inten-
sity was classified as 0 (absence of stained cells), 1 (weak 
staining), 2 (moderate staining), and 3 (strong staining). The 
immunohistochemistry (IHC) score was calculated by mul-
tiplying the staining rate and intensity. Correlations were  
determined by Spearman’s coefficient of correlation. 

3. Cell culture
MCF-7, adriamycin-resistant MCF-7 (MCF-7ADR), and 

MDA-MB-231 cell lines were purchased from the Cell Bank 
of the Chinese Academy of Sciences (Shanghai, China). Cell 
lines were validated using short tandem repeat analysis by 
Genesky Biotechnology Inc., Shanghai (Shanghai, China), 
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and tested for the absence of mycoplasma contamination by 
PCR using the Mycoplasma PCR Detection Kit. MCF-7 cells 
were maintained in MEM supplemented with 10% FBS, 0.01 
mg/mL human recombinant insulin, and 1 μM nonessential 
amino acids. MCF-7ADR cells were cultured in RPMI-1640 
medium supplemented with 10% FBS. MDA-MB-231 cells 
were cultured in L-15 medium supplemented with 15% FBS. 
Adriamycin was added on time to maintain the drug resist-
ance phenotype of MCF-7ADR cells.

4. MTT assay
The MTT assay was used to measure the inhibitory effect 

of compounds on the viability of cancer cells. Adherent cells 
were seeded in 96-well plates at a density of 5,000 cells per 
well. After 24 hours, the cells were treated with different con-
centrations of triptolide for 72 hours. Twenty microliters of 
MTT solution was added to each well and incubated for 4 
hours at 37°C. Then, dimethyl sulfoxide was added to the 
wells and incubated overnight at 37°C. The absorbance at 
570 nm was measured using a microplate reader (BioTek, 
Winooski, VT).

5. Clinical dataset analysis
To analyze the expression of B4GalTs in invasive breast 

carcinomas compared with normal breast tissues, we used 
The Cancer Genome Atlas (TCGA) breast dataset from the 
Oncomine browser (https://www.oncomine.org).

Kaplan-Meier plotter (http://kmplot.com/analysis/index.
php?p=background) was used to analyze the correlation bet-
ween B4GalT5 expression and recurrence-free survival (RFS) 
in patients with breast cancer in 120 months [8].

The coexpression of B4GalT5 and CCR7, C-X-C chemokine 
receptor 4 (CXCR4), and ATP binding cassette subfamily B 
member 1 (ABCB1) was assessed in invasive breast invasive 
carcinoma samples from TCGA dataset by ‘R2: Genomics 
Analysis and Visualization Platform’ (http://r2.amc.nl). We 
also analyzed the coexpression of B4GalTs and ALDH1A1 
and c-myc from GEPIA 2 from Zhang’s lab [9]. Correlations 
were determined by Pearson’s coefficient of correlation.

6. Flow cytometry analysis and sorting
For analysis of BCSC and non-BCSC cell fractions, cells 

were incubated with FITC-conjugated anti-CD44 antibody 
and PE or APC-conjugated anti-CD24 antibody in phosphate 
buffered saline (PBS) containing 2% FBS at 4℃ for 30 min-
utes. BCSCs (CD44+CD24–/low) and non-BCSCs (CD44+CD24+) 
were analyzed and sorted by flow cytometry (MFLO XDP, 
Beckman Coulter, Pasadena, CA). The ALDEFLUOR Kit was 
used for the identification of BCSCs that express high levels 
of the enzyme aldehyde dehydrogenase (ALDH) according 
to the manufacturer’s protocol.

For analysis of the proportions of the CD24–/low cell popu-
lation in the His+ cell population and His– cell population, 

cells were incubated with PE-conjugated anti-His antibody 
and APC-conjugated anti-CD24 antibody in PBS containing 
2% FBS at 4°C for 30 minutes. The samples were analyzed by 
flow cytometry (MFLO XDP, Beckman Coulter). The calcula-
tion method is as follows.

The proportion of CD24–/low cells in the His+ cell popula-
tion=His+CD24–/low cells %/His+ cells %.

The proportion of CD24–/low cells in the His– cell popula-
tion=His–CD24–/low cells %/His– cells %.

7. Plasmids
The DNA fragment for B4GalT5 was cloned from human 

cDNA using the corresponding primers and inserted into 
the pLVX-IRES-ZsGreen1 vector. The DNA fragment for 
B4GalT5-His was cloned from human cDNA using primers 
including His sequence and inserted into the pBABE-puro 
vector. These constructed vectors were transformed into 
DH5α cells and then amplified. The primers for B4GalT5 were 
5’-CCGCTCGAGTGGCTGCAGCATGCGCG-3’ and 5’-CGC-
GGATCCTCAGTACTCGTTCACCTGAG-3’. The primers for  
B4GalT5-His were 5’-CGCGGATCCATGCGCGCCCGCCG-
GGGGCTGCT-3’ and 5’-CCGGAATTCTCAATGGTGATGG-
TGATGATGGT-3’.

8. siRNA and plasmid transfections
For siRNA transfection, cells were transfected at 80% con- 

fluency in 6-well plates with 50 nM control siRNA or B4Gal- 
T5-targeting siRNA (si-B4GalT5) (sense,  5’-CGGAGUGAGU- 
GGCUUAACAdTdT-3’; antisense, 5’-UGUUAAGCCACUC-
ACUCCGdTdT-3’) using Lipo2000 transfection reagents  
according to the manufacturer’s instructions. The knock-
down efficiency was examined by western blotting after 48 
hours.

For plasmid transfection, cells were transfected with the 
plasmids using Lipo3000 transfection reagents according to 
the manufacturer’s instructions. After 48 hours, the cells were 
treated with G418 or puromycin to screen for stably trans-
fected MCF-7ADR cell lines. The stably transfected MCF-  
7ADR cell lines are as follows: B4GalT5-knockdown MCF-
7ADR (MCF-7ADR/shB4GalT5), B4GalT5-overexpressing 
MCF-7ADR (MCF-7ADR/oe-B4GalT5), and MCF-7ADR  
expressing B4GalT5-His (MCF-7ADR/B4GalT5-His).

9. Mammosphere formation assay
For analysis of the effect of B4GalT5 on mammosphere for-

mation, a single-cell suspension was quantified and seeded 
in ultralow attachment 6-well plates at a density of 2,000 cells 
per well at 37℃ and 5% CO2. Mammospheres were formed 
in serum-free DMEM/F-12 medium containing 20 ng/mL 
EGF, 10 ng/mL bFGF, 2% B27, and 5 μg/mL insulin. After 
7 days, mammospheres with a diameter of > 50 μm were 
counted using a cell imaging multi-mode reader (BioTek).

For determination of the effect of triptolide on mammos-
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pheres, single-cell suspensions were quantified and seeded 
in ultralow attachment 6-well plates at a density of 2,000 cells 
per well at 37℃ and 5% CO2. Mammospheres were formed 
in serum-free DMEM/F-12 medium containing 20 ng/mL 
EGF, 10 ng/mL bFGF, 2% B27, and 5 μg/mL insulin with 
treatment with PBS or different concentrations of triptolide.  
After 7 days, mammospheres with a diameter of > 50 μm 
were counted using a cell imaging multi-mode reader (Bio-
Tek).

10. Colony formation assay
Five hundred microliters of pre-warmed 2×1,640 medium 

containing 20% FBS, 200 U/mL penicillin, 200 μg/mL strep-
tomycin, and 500 μL of melted 1.2% agarose solution was 
mixed and transferred to a 6-well plate. When the bottom 
agar layer solidified, 1 mL of melted 0.7% agarose solution 
and 1 mL of single-cell suspension at a density of 500 cells 
per mL treated with increasing concentrations of triptolide 
were mixed and seeded on the bottom agar layer. The cells 
were incubated for 30 days at 37℃ and 5% CO2. The colonies 
were treated with 0.5 mL of MTT per well for 30 minutes at 
37℃, and colonies containing up to 50 cells were counted.

11. Protein extraction, pull down, and immunoblotting
For the RCA-I pull-down assay, cells were lysed on ice for 

30 minutes in cell lysis buffer for western and IP with 1 mM 
PMSF. Three hundred micrograms of total cell lysates were 
centrifuged at 12,000 ×g and 4°C for 10 minutes and then  
incubated with RCA-I agarose beads at 4°C overnight. After 
the samples were washed three times using cell lysis buffer, 
pulled-down proteins were subjected to western blotting.  
Total Frizzled-1 expression level was used as loading control.

For western blotting, membrane and cytosol proteins of  
MCF-7ADR cells were extracted by the membrane and cyto-
sol extraction kit according to the manufacturer’s instruc-
tions. Total cell lysates were prepared using loading buffer 
on ice for 45 minutes and denatured at 95℃ for 15 minutes 
followed by sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE). Then, the samples were transferred 
to Immobilon-P polyvinylidene difluoride membranes, bloc-
ked with 5% non-fat milk, and incubated with the indicated 
antibodies. SuperSignal West Femto Maximum Sensitiv-
ity Substrate was used to detect HRP-conjugated secondary  
antibodies.

12. Cell surface biotinylation assay
After the samples were washed twice with cold PBS, MCF-

7ADR cells were incubated with EZ-Link Sulfo-NHS-SS-
Biotin at a final concentration of 0.5 mg/mL for 60 minutes 
at 4°C, followed by a 50 mM glycine/PBS wash and two 
washes with PBS. Biotinylated cells were lysed with cell lysis 
buffer for western and IP and then centrifuged for 15 min-
utes at 12,000 ×g and 4°C. The supernatant was incubated 

with PNeutrAvidin agarose beads and mixed at 4°C over-
night. Biotinylated proteins were eluted from the beads by 
heating to 100°C for 5 minutes in SDS-PAGE sample buffer 
before loading into the SDS-PAGE gel for western blotting.

13. Immunofluorescence assay
For detection of the p-GSK3β (Ser 9) and B4GalT5 expres-

sion levels, cells were cultured on a 96-well black-wall glass 
bottom plate for 24 hours. They were fixed with 4% para-
formaldehyde for 30 minutes, permeabilized with 0.3% Tri-
ton X-100 for 20 minutes and blocked with 1% bovine serum 
albumin (BSA) in PBS for 1 hour. The cells were incubated 
with primary antibody (1:50) in blocking buffer. After suffi-
cient washing, the cells were incubated with FITC-conjugat-
ed goat anti-rabbit antibody to detect the primary antibody. 
The cells were incubated with DAPI for 10 minutes. The  
resulting images were taken using a laser scanning confocal 
microscope (Carl Zeiss, Jena, Germany).

For detection of B4GalT5-His and CD24 on the cell surface, 
the cells were digested and resuspended in 1% BSA in PBS. 
The cells were incubated with anti-His antibody (1:50) in 1% 
BSA. After sufficient washing, the cells were incubated with 
FITC-conjugated goat anti-rabbit antibody and APC-conju-
gated anti-CD24 antibody for 1 hour. The resulting images 
were taken using a laser scanning confocal microscope (Carl 
Zeiss).

14. Animal studies
MCF-7ADR/NC and B4GalT5-overexpressing MCF-7ADR  

(MCF-7ADR/oe-B4GalT5) cells were subcutaneously trans-
planted into 14-15 g, 6-week-old female BALB/c nude mice 
(Beijing Vital River Laboratory Animal Technology Co., Ltd.,  
Beijing, China) at a concentration of 2×106 cells per site. Five  
mice were used in each group for analysis of B4GalT5- 
induced tumor initiation. The tumor volumes of these mice 
were measured every week to assess tumor initiation and 
growth. These tumors were dissected 9 weeks after trans-
plantation and weighed. Then, these tumors were excised, 
ground, and lysed in loading buffer on ice for 45 minutes. 
Protein lysates were boiled for 10 minutes and then subjected 
to western blotting.

15. Statistical analysis
Statistical comparisons between two groups were per-

formed by two-tailed Student’s t tests. The means were cal-
culated using at least three biological replicates. Error bars 
represent the standard error of the mean for three independ-
ent experiments. p-values of < 0.05 were considered statisti-
cally significant.

16. Ethical statement
This study was approved by School of Medicine and Phar-

macy, Ocean University of China, and performed in accord-
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ance with the National Institutes of Health Guide for the 
Care and Use of Laboratory Animals (NIH publication, 8th 
edition, 2011).

Results

1. B4GalT5 is associated with the stemness of breast carci-
noma

To investigate the relationship between B4GalT5 and BC-
SCs, we first used online database analysis to compare the 
B4GalT5 expression level in invasive breast carcinomas with 
that in normal breast tissues, as CSCs are thought to be close-

Fig. 1.  β1,4-Galactosyltransferase V (B4GalT5) is associated with the stemness of breast cancer. (A) The Cancer Genome Atlas (TCGA) 
breast dataset analysis of B4GalT5 mRNA levels in invasive breast carcinomas (n=76) and normal breast tissues (n=61) using the Oncomine 
browser. (B) Kaplan-Meier survival curves for patients with breast cancer (n=3,955) in 120 months. The correlation between B4GalT5 
expression and relapse-free survival of patients with breast cancer were analyzed using Kaplan-Meier plotter. (C-E) Correlation between 
B4GalT5 and CC-chemokine receptor 7 (CCR7) (C), C-X-C chemokine receptor 4 (CXCR4) (D), or ATP binding cassette subfamily B mem-
ber 1 (ABCB1) (E) mRNA levels in invasive breast carcinoma samples from TCGA dataset (n=1,097) using ‘R2: Genomics Analysis and 
Visualization Platform.’ (F) The correlation between B4GalT5 and aldehyde dehydrogenase 1A1 (ALDH1A1) mRNA levels in breast carci-
noma patients from TCGA dataset using GEPIA 2. (Continued to the next page)
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ly correlated with the migration and invasiveness of cancer 
cells [2]. The TCGA breast dataset showed that B4GalT5 was 
highly expressed in invasive breast carcinomas (Fig. 1A). 
Kaplan-Meier survival curves for patients with breast can-
cer (n=3,955) also showed that patients with high expression 
of B4GalT5 had lower RFS than those with low expression  
(Fig. 1B, S1 Table). Because BCSCs can establish metastasis 
and evade traditional anti-tumor therapies [2], we further 
examined the correlation between B4GalT5 and these malig-
nant phenotypes. Online database analysis showed a posi-
tive correlation between B4GalT5 and CC-chemokine recep-
tor 7 (CCR7; R=0.214, p=7.13e-13) (Fig. 1C), CXCR4 (R=0.272, 
p=5.34e-20) (Fig. 1D), and multidrug resistance protein 1 
(ABCB1) (R=0.139, p=3.59e-06) (Fig. 1E), which are involved 
in tumor metastasis and chemoresistance [10,11]. These  
results indicate that B4GalT5 is correlated with cancer pro-
gression and may be related to BCSCs. ALDH1A1 is related to 
cancer stem-like features and its high expression and activity 
has also been proposed as a reliable CSC marker [12]; there-
fore, we further detected the correlation between B4GalT5 

and ALDH1A1. We found that B4GalT5 was positively asso-
ciated with ALDH1A1 (R=0.14, p=2.6e-06) (Fig. 1F). Since 
the B4GalT family has seven members, we further investi-
gated the relationship of other B4GalTs and the malignancy 
of breast carcinoma by online database analysis and found 
that most B4GalTs (except B4GalT6) were highly expressed 
in invasive breast carcinomas compared with normal breast 
tissues (Table 1). Of note, B4GalT5 was the only member pos-
itively correlated with the BCSC marker ALDH1A1 (Table 2). 
For further verification, the expression of B4GalT5 and ALD-
H1A1 was detected in a tumor microarray containing 45 can-
cer tissues from patients with invasive breast cancer. Patho-
logic information regarding these patients is presented in 
S2 Table. There was a positive correlation between B4GalT5 
and ALDH1A1 expression (Spearman=0.384, p=0.009) in 45  
patients (Fig. 1G and H). Collectively, these results suggest a 
critical role of B4GalT5 in regulating the stemness of BCSCs.

 

Fig. 1.  (Continued from the previous page) (G) Representative images of B4GalT5 and ALDH1A1 expression in the breast tumor microarray 
by immunohistochemistry (IHC) analysis. (H) The correlation between B4GalT5 and ALDH1A1 IHC scores of 45 cores of the breast tumor 
microarray.
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Table 1.  B4GalTs mRNA levels in invasive breast carcinomas 
(n=76) and normal breast tissues (n=61)

Gene
 Fold change 

p-valuea)

 (vs. normal) 

B4GalT1 1.579 9.65e-7
B4GalT2 1.589 1.91e-9
B4GalT3 2.059 7.05e-27
B4GalT4 1.393 2.50e-9
B4GalT5 1.507 2.20E-11
B4GalT6 –1.615 1.000
B4GalT7 1.459 1.48e-6
B4GalT, β1,4-galactosyltransferase V. a)p < 0.01, statistically sig-
nificant.

Table 2.  Correlation between B4GalTs and ALDH1A1 in breast 
carcinoma samples from TCGA breast dataset

Gene r (Pearson)a) p-valueb)

B4GalT1 –0.026 0.39
B4GalT2 –0.091 0.0026
B4GalT3 –0.038 0.21
B4GalT4 0.034 0.27
B4GalT5 0.14 2.6e-06
B4GalT6 0.2 2.4e-11
B4GalT7 –0.042 0.16
B4GalT, β1,4-galactosyltransferase V; ALDH1A1, aldehyde dehy- 
drogenase 1A1; TCGA, The Cancer Genome Atlas. a)r > 0, posi-
tive correlation; r < 0, negative correlation, b)p < 0.01, statistically 
significant.
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2. B4GalT5 is required for maintaining the stemness of 
breast cancer

To further investigate the relationship between B4GalT5 

and BCSCs, we performed in vitro studies using MCF-7 and 
MCF-7ADR breast cancer cell lines. CSCs can form mam-
mospheres in serum-free culture medium supplemented 

Fig. 2.  β1,4-Galactosyltransferase V (B4GalT5) is required for maintaining the stemness of breast cancer. (A) Western blotting analy-
sis of B4GalT5 expression levels in intact MCF-7 cells and MCF-7 mammospheres. (B) Flow cytometry (FCM) analysis and sorting of 
CD44+CD24–/low cells (breast cancer stem cells [BCSCs]) and CD44+CD24+ cells (non-BCSCs) in MCF-7ADR cells. (C) Patterns of BCSCs and 
non-BCSCs sorted from MCF-7ADR cells. Scale bars=20 μm. (D) Western blotting analysis of B4GalT5 and aldehyde dehydrogenase 1A1 
(ALDH1A1) expression levels in BCSCs and non-BCSCs sorted from MCF-7ADR cells. (E-H) Effects of B4GalT5 on ALDH1A1 expression 
in breast cancer cells by western blotting. MCF-7, MCF-7ADR, and MDA-MB-231 cells were transfected using shB4GalT5 (E, F) or B4GalT5 
(G, H) plasmids for 48 hours and subjected to western blotting compared to the negative control. Protein band densities were quantified 
by normalizing to β-actin. (I, J) Expression levels of B4GalT5 in MCF-7ADR/shB4GalT5 (I) and MCF-7ADR/oe-B4GalT5 (J) compared to 
the negative control. (Continued to the next page)
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Fig. 2.  (Continued from the previous page) (K-N) Influences of B4GalT5 on the proportion of CD44+CD24–/low cells in MCF-7ADR/shB4GalT5 
(K, L) or MCF-7ADR/oe-B4GalT5 (M, N) cells compared to the negative control. Cells were stained with anti-CD44 and anti-CD24 anti-
bodies and analyzed by FCM. (O, P) FCM analysis of ALDH+ cells in MCF-7ADR/oe-B4GalT5 cells compared to MCF-7ADR/NC cells. 
The cells were stained and analyzed as described. (Q, R) The sizes and numbers of mammospheres formed by MCF-7ADR/shB4GalT5 and 
MCF-7ADR/oe-B4GalT5 compared to the negative control groups. Two thousand cells per well were cultured in serum-free medium for 
seven days. Formed mammospheres were quantified, and images of formed spheres with a diameter of > 50 μm were taken with a light 
microscope. Scale bars=100 μm. (Continued to the next page)
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with appropriate growth factors due to their capacity for 
self-renewal and multipotent differentiation; the mammo-
sphere formation assay is also widely used in the isolation 
and enrichment of CSCs. First, we compared the B4GalT5 
expression in MCF-7 mammospheres versus intact MCF-7 
cells. As shown in Fig. 2A, western blotting analysis showed 
that B4GalT5 was highly expressed in the MCF-7 mammos-
pheres.

Because CD44+CD24–/low is identified as the molecular mar-
ker of BCSCs [2], we next verified whether the expression 
of B4GalT5 was associated with CD44+CD24–/low cells. Mul-
tiple forms of drug resistance induced by continuous expo-
sure of cells to chemotherapeutics usually generate a high 
proportion of BCSCs [13]. We therefore chose the adriamy-
cin-resistant breast cancer cell line MCF-7ADR for further  
research. CD44+CD24–/low cells (BCSCs) and CD44+CD24+ cells 
(non-BCSCs) were sorted from MCF-7ADR cells aseptically 
by flow cytometry (Fig. 2B), cultured and subjected to west-
ern blotting. Strikingly, the CD44+CD24–/low cells displayed 
a more malignant phenotype than the CD44+CD24+cells 
and had a spindle shape and limited cell-cell contacts; in 
contrast, the CD44+CD24+ cells displayed a cobblestone epi-
thelial morphology (Fig. 2C), which is consistent with a pre-
vious report showing that CD44+CD24–/low cells were repre-
sentative of BCSCs. Furthermore, western blotting analysis 

showed that B4GalT5 was significantly overexpressed in the 
CD44+CD24–/low cells versus the CD44+CD24+ cells; in addi-
tion, the BCSC marker ALDH1A1 was increased along with 
overexpression of B4GalT5 (Fig. 2D). Together, these results 
indicate that B4GalT5 is highly expressed in BCSCs.

 To explore the role of B4GalT5 in regulating the stemness 
of BCSCs, we first detected the effect of B4GalT5 on stem 
cell marker ALDH1A1 expression in breast cancer cells and 
found an obvious reduction in ALDH1A1 expression in MCF-
7ADR, MCF-7, and MDA-MB-231 cell lines (Fig. 2E and F). In 
contrast, B4GalT5 overexpression (oe-B4GalT5) significantly 
augmented ALDH1A1 expression in breast cancer cells (Fig. 
2G and H). Moreover, we constructed MCF-7ADR cells with 
stable knockdown of B4GalT5 (referred to as shB4GalT5, 
Fig. 2I) and stable overexpression of B4GalT5 (referred to as  
oe-B4GalT5) (Fig. 2J), followed by in vitro and in vivo studies. 
We observed a significant decline in the CD44+CD24–/low cells 
(Fig. 2K and L) in shB4GalT5 cells, as previously observed in 
siB4GalT5 transfected MCF-7ADR cells. In contrast, B4Gal- 
T5 overexpression significantly increased the percentage 
of CD44+CD24–/low cells (Fig. 2M and N), accompanied by 
increased ALDH activity (Fig. 2O and P), indicating that 
B4GalT5 induces the formation of BCSC stemness. Moreo-
ver, we performed a mammosphere formation assay to  
assess the self-renewal ability of BCSCs and the expression 

Fig. 2.  (Continued from the previous page) (S, T) Volumes (S) and weights (T) of tumor formed by MCF-7ADR/NC and MCF-7ADR/ 
oe-B4GalT5 cells in BALB/c nude mice. MCF-7ADR/NC and MCF-7ADR/oe-B4GalT5 cells were subcutaneously transplanted into  
female BALB/c nude mice at the concentration of 2×106 cells per site. After 9 weeks, the mice were sacrificed for measurement of tumor 
weights (n=5, per group). (U) Statistics of tumors with a volume of 100 mm3 after subcutaneous injection of MCF-7ADR cells. (V) Western 
blotting analysis of B4GalT5 and ALDH1A1 expression in tumor tissues. All experiments were performed in three replicates. All data are 
representative and shown as means±standard error of the mean. *p < 0.05, **p < 0.01, vs. negative control (NC). 
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Fig. 3.  β1,4-Galactosyltransferase V (B4GalT5) is involved in the inhibition of breast cancer stem cells by triptolide. (A) IC50 of triptolide 
against MCF-7ADR cells using MTT assay. Cells were treated with increasing concentrations of triptolide for 72 hours and MTT assay was 
performed. NC, normal control. (B, C) Inhibitory effect of triptolide on the proportion of CD44+CD24–/low cells in MCF-7ADR cells. Cells 
were treated with increasing concentrations of triptolide for 48 hours, then stained with anti-CD44 and anti-CD24 antibodies and analyzed 
by flow cytometry. (D) Images of colonies in the soft agar. Five hundred MCF-7ADR cells per well were plated in the upper agar for 30 days 
with the treatment with triptolide before MTT dye was added. Images of formed colonies containing up to 50 cells with a light microscope 
are shown. (E) Images of colonies magnified treated with dimethyl sulfoxide (DMSO) or 0.0625 μM triptolide using a light microscope. 
Scale bars=100 μm. (F) Quantification of the number of colonies. (Continued to the next page)
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level of B4GalT5. We found that the size and number of the 
mammospheres were markedly restrained in the shB4GalT5 
cells, whereas B4GalT5 overexpression promoted the forma-
tion of mammospheres (Fig. 2Q and R). It has been reported 
that CSCs drive tumor initiation, progression, and recur-
rence [2]. We then subcutaneously injected constructed MCF-
7ADR cells into female BALB/c nude mice and found that 
the group with B4GalT5 overexpression exhibited a dramatic  
increase in tumor growth and weight compared with the con-
trol group (Fig. 2S and T). Specifically, the oe-B4GalT5 cells 
formed tumors with a volume of 100 mm3 volume earlier 
than the cells without B4GalT5 overexpression, as plotted in 
Fig. 2U, further highlighting the strong tumorigenicity con-
ferred by B4GalT5. Furthermore, we found that tumor tissue 
with B4GalT5 overexpression had higher expression levels 
of ALDH1A1, as assessed by western blot, than the tissues of 
the control group (Fig. 2V). Consequently, these results con-
firm that B4GalT5 plays an important role in maintaining the 
stemness of BCSCs.

3. B4GalT5 is involved in the inhibition of BCSCs by trip-
tolide

Triptolide, a diterpene triepoxide of extracts derived from 
the medicinal plant Tripterygium Wilfordii Hook F, has been 
reported to inhibit the stemness of various cancers, includ-
ing triple-negative breast cancer and pancreatic cancer [14]. 
Therefore, we wondered whether B4GalT5 was involved in 
the inhibition of BCSCs by triptolide. We found that MCF-
7ADR cell viability was inhibited by treatment with trip-
tolide, with an IC50 of 0.15 μM (Fig. 3A). In addition, triptolide 
dramatically reduced the percentage of CD44+CD24–/low  
cells, suggesting that triptolide significantly eliminated BC-
SCs (Fig. 3B and C). Furthermore, we found that triptolide 
apparently suppressed colony growth in soft agar (Fig. 
3D-F) and the formation of mammospheres in serum-free  
medium supplemented with certain cytokines (Fig. 3G and 
H). All these results confirmed that triptolide was indeed a 
pharmacological inhibitor of BCSCs. We further investigated 
whether inhibition of BCSCs by triptolide was accompanied 
by a decrease in B4GalT5. In the presence of triptolide, the 

Fig. 3.   (Continued from the previous page) (G) Images of mammospheres in serum-free medium. 2000 MCF-7 cells per well were cultured 
in serum-free medium with treatment with phosphate buffered saline (PBS) or different concentrations of triptolide. After 7 days, pictures 
were taken using light microscopy with a camera. Scale bars=200 μm. (H) Quantification of the number of colonies. (I) Inhibitory effect of 
triptolide on B4GalT5 expression in MCF-7ADR cells in dose- and time-dependent manners. MCF-7ADR cells were treated with different 
concentrations of triptolide for 24 hours and 48 hours. Then cells were subjected to western blotting. (J) Inhibitory effect of triptolide on 
B4GalT5 expression in MCF-7 mammospheres by western blotting. All experiments were performed in three replicates. All data are repre-
sentative and shown as means±standard error of the mean. *p < 0.05, **p < 0.01, ***p < 0.001, vs. the former group.
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Fig. 4.  Cell surface β1,4-galactosyltransferase V (B4GalT5) is not responsible for the stemness of breast cancer. (A) Immunofluorescence 
analysis of B4GalT5 expression in MCF-7ADR cells. Cells were stained with IgG or anti-B4GalT5 antibody followed by fluorescein iso-
thiocyanate (FITC)–conjugated anti-Rabbit antibodies as described and analyzed by a laser scanning confocal microscope. (B) Cell surface 
biotinylation assay to compare B4GalT5 localization in plasma membrane and cytoplasmic fractions of MCF-7ADR cells. (C) Construction 
of MCF-7ADR cells that stably expresses B4GalT5 with a C-terminal 6×His tag. MCF-7ADR cells were transfected with pBABE-B4GalT5-
His-IRES-puro plasmid for 48 hours and then selected with 150 μg/mL puromycin. Expression of corresponding proteins was examined 
by western blotting. (D) Representative images of B4GalT5-His expression on the cell surface of MCF-7ADR/B4GalT5-His and MCF-
7ADR/NC cells. After digested and resuspended, the cells were stained with anti-His antibody at room temperature for 1 hour followed 
by FITC-conjugated anti-rabbit antibody at room temperature for 1 hour. Pictures were taken by a laser scanning confocal microscope.  
(E, F) Flow cytometry (FCM) analysis of B4GalT5-His expression on the cell surface of MCF-7ADR/B4GalT5-His and MCF-7ADR/NC 
cells. Cells were stained with phycoerythrin (PE)-conjugated anti-His antibody at room temperature for 1 hour and analyzed by Moflo 
XDP. Error bars represent standard error of the mean (n=3, ***p < 0.001, t test). (Continued to the next page)
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expression level of B4GalT5 was significantly decreased in 
a dose- and time-dependent manner (Fig. 3I). In particular, 
B4GalT5 expression in MCF-7 mammospheres was inhibited 
by treatment with 1 μM triptolide (Fig. 3J). Together, these  
results further indicate that B4GalT5 is closely correlated 
with the stemness of breast cancer.

 4. Cell surface B4GalT5 is not responsible for the stemness 
of breast cancer 

It has been reported that B4GalT show cell surface expre-
ssion for cell spreading and migration in migratory 3T3 
cells [15], indicating that cell surface B4GalTs correlates 
with cancer malignancy. Thus, we tested whether cell sur-

Fig. 4.  (Continued from the previous page) (G, H) FCM analysis of CD44 expression in MCF-7ADR/B4GalT5-His and MCF-7ADR/NC cells. 
The cells were stained with FITC-conjugated CD44 antibody at 4℃ for 30 minutes and analyzed using Moflo XDP. Error bars represent 
SEM (n=3; *p > 0.05, t test). (I) FCM analysis of CD24–/low cells in B4GalT5-His positive on the cell surface of MCF-7ADR/B4GalT5-His 
cells. MCF-7ADR/B4GalT5-His and MCF-7ADR/NC cells were stained with APC-conjugated anti-CD24 and PE-conjugated anti-His  
antibodies and analyzed by Moflo XDP. (J) Representative images of CD24 and B4GalT5-His expression on the cell surface of MCF-7ADR/
B4GalT5-His and MCF-7ADR/NC cells. After digested and resuspended, the cells were stained with anti-CD24 and anti-His antibodies. 
Pictures were taken by a laser scanning confocal microscope. (K, L) FCM analysis of ESA+CD24–/low cells in B4GalT5-His positive (K, R5) 
and negative (K, R6) on the cell surface of MCF-7ADR/B4GalT5-His cells; NC, negative control; GAPDH, glyceraldehyde 3-phosphate 
dehydrogenase; SSC, Side Scatter; ESA, epithelial specific antigen. All experiments were performed in three replicates.
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face B4GalT5 was correlated with the stemness of BCSCs. 
As shown in Fig. 4A, cell surface B4GalT5 was found in a 
small portion of MCF-7ADR cells by confocal microscopy. 
Further, we carried out a cell surface biotinylation assay and 

proved that the expression level of cell surface B4GalT5 was 
much lower than that of cytoplasmic B4GalT5 in MCF-7ADR 
cells (Fig. 4B), indicating that a small proportion of the cells  
expresses cell surface B4GalT5. These results were consist-

Fig. 5.  β1,4-Galactosyltransferase V (B4GalT5) promotes Wnt/β-catenin signaling that is hyperactivated in breast cancer stem cells (BC-
SCs). (A) Immunofluorescence analysis of phosphorylated-GSK3β (Ser 9) expression in BCSCs and non-BCSCs. MCF-7ADR cells were 
sorted into BCSCs and non-BCSCs, then stained with antibodies and DAPI as described and analyzed by a laser scanning confocal  
microscope. (B, C) Western blotting analysis of β-catenin and phosphorylated-β-catenin (Ser 45) expression levels in BCSCs and non-
BCSCs. Protein band densities were quantified by normalizing to β-actin. (D, E) The effect of B4GalT5 knockdown on Frizzled-1, β-catenin, 
and B4GalT5 expression levels in MCF-7ADR, MCF-7, and MDA-MB-231 cell lines by western blotting analysis. Protein band densities 
were quantified by normalizing to β-actin. (F, G) The effect of B4GalT5 overexpression on Frizzled-1, β-catenin, and B4GalT5 expression 
levels in MCF-7ADR, MCF-7, and MDA-MB-231 cell lines by western blotting analysis. Protein band densities were quantified by normal-
izing to β-Actin. (Continued to the next page)
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ent with a feature of CSCs, namely a small subset of poorly 
differentiated tumor cells within a tumor. To further validate 
the relationship of B4GalT5 expression on the cell surface 
and BCSCs, we first constructed MCF-7ADR cells that sta-
bly overexpressed B4GalT5 with a C-terminal 6×His tag for  
immunofluorescence staining due to lack of the antibody rec-
ognizing its extracellular fragment (Fig. 4C). Western blotting 
analysis showed that ALDH1A1 was highly expressed in the 
B4GalT5-His–transfected cells, which suggested the success-
ful construction of cells with active expression of B4GalT5-
His (Fig. 4C). We then performed live cell staining using anti-
His antibody. B4GalT5-His was detected in a small subset of 
cells by confocal microscopy without cell membrane permea-
bilization (Fig. 4D). Furthermore, fluorescence-activated cell 
sorting (FACS) analysis showed that cell surface B4GalT5-
His was expressed in approximately 7.62% of MCF-7ADR 
cells (Fig. 4E and F). From these results, B4GalT5 was shown 
to partially localize to the cell membrane with its C-terminus 

extracellular region, and cell surface B4GalT5 still belonged 
to type II membrane-bound proteins, consistent with the nor-
mal localization of B4GalT5 on the Golgi apparatus [6].

Next, we explored the association between cell surface 
B4GalT5 and BCSCs by a series of in vitro assays. For con-
venient detection, we first detected the effect of B4GalT5 on 
CD44 expression by FACS analysis and observed that CD44 
expression in MCF-7ADR cells was almost completely posi-
tive and not influenced by B4GalT5 overexpression (Fig. 
4G and H). We then investigated the expression of CD24 
and B4GalT5 on the cell surface of B4GalT5-His–expressing 
cells and found that the population with low and negative 
expression of CD24 (CD44+CD24–/low, BCSCs) accounted for 
9.80% of the B4GalT5-His+ cells, whereas this population  
accounted for 26.10% of the B4GalT5-His– cells (Fig. 4I). We 
also found that B4GalT5-His+ cells overlapped with not only 
CD24+ cells but also CD24–/low cells, as observed by confo-
cal microscopy analysis (Fig. 4J). These results suggested 

Fig. 5.   (Continued from the previous page) (H) The effect of B4GalT5 on wnt 3α induced Wnt/β-catenin signaling by western blotting (WB). 
After transfected using B4GalT5 siRNA for 12 hours, MCF-7ADR cells were starved for 36 hours followed by adding wnt 3α, and sub-
jected to western blotting. (I) The effect of B4GalT5 on Wnt 3α induced ALDH1A1 expression by western blotting. MCF-7ADR/shNC and 
MCF-7ADR/shB4GalT5 cells were starved for 36 hours followed by adding Wnt 3α, and subjected to western blotting. (J) The degradation 
pathway of β-catenin due to B4GalT5 knockdown. After transfected using B4GalT5 siRNA for 41 hours, MCF-7ADR cells were treated with 
MG132 (protease inhibitor) for 7 hours. Protein levels were examined by western blotting. (K) Western blotting analysis of membrane and 
cytosol proteins in MCF-7ADR cells. MCF-7ADR cells were transfected using B4GalT5 siRNA for 48 hours, extracted into membrane and 
cytosol proteins and then subjected to western blotting. Erk was used for examining purity of membrane proteins. (L) The degradation 
pathway of Frizzled-1 on the cell surface of MCF-7ADR cells due to B4GalT5 knockdown. After transfected using B4GalT5 siRNA for 40 
hours, MCF-7ADR cells were treated with 20 μM leupeptin (lysosome inhibitor) for 8 hours. The membrane proteins were extracted as 
described and then subjected to western blotting. Erk was used for examining purity of membrane proteins. (M) The effect of B4GalT5 on 
biosynthesis of galactosyl-oligosaccharides in glycans of Frizzled-1 by RCA-I lectin pull-down assay. MCF-7ADR/shNC, MCF-7ADR/
shB4GalT5, MCF-7ADR/NC, and MCF-7ADR/oe-B4GalT5 cells were lysed and incubated with agarose-bound RCA-I overnight. Total 
Frizzled-1 was used as loading control. All experiments were performed in three replicates. Data are presented as means±standard error 
of the mean. *p < 0.05, **p < 0.01 versus the control group.
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that cell surface B4GalT5 may not be a marker of BCSCs. 
ESA+CD44+CD24–/low cells have also been reported to pos-
sess BCSC properties based on their high spheroid forma-
tion and in vivo tumor formation ability; hence, the molecu-
lar marker group is a more precise way to recognize BCSCs 
[2]. For further confirmation of the correlation of cell surface 
B4GalT5 and the stemness of BCSCs, the population rates 
of ESA+CD44+CD24–/low cells were detected in CD44+ cells 
positive or negative for B4GalT5-His. As shown in Fig. 4K 
and L, FACS analysis demonstrated that the population with 
ESA+CD44+CD24–/low accounted for 10.93% of the B4GalT5-
His+ cells, while this population accounted for 20.57% of the 
B4GalT5-His– cells, which was consistent with the results in 
Fig. 4H. Together, these results strongly suggest that there 
is no internal connection between cell surface B4GalT5 and 
BCSCs, and cell surface B4GalT5 is not responsible for the 
stemness of breast cancer.

 
5. B4GalT5 promotes Wnt/β-catenin signaling that is hype-
ractivated in BCSCs 

Aberrant Wnt/β-catenin signaling is involved in multiple 
cancers and closely correlates with cell proliferation, inva-
sion, metastasis, and CSC survival [16]. We tested whether 
Wnt/β-catenin signaling mediated the regulation of B4GalT5 
on the stemness of BCSCs. To validate the relationship bet-
ween Wnt/β-catenin signaling and BCSCs, we isolated CD44+ 

CD24–/low cells (BCSCs) and CD44+CD24–/low cells (non-BC-
SCs) from MCF-7ADR cells using FACS, followed by immu- 
nofluorescence and western blotting analysis. GSK3β is  
reported to be phosphorylated at Ser 9 and thereby inactivat-
ed by AKT, resulting in a decrease in β-catenin degradation 
and activation of Wnt/β-catenin signaling [17]. We found 
that inactive phosphorylated-Gsk3β (Ser 9) is highly expre-
ssed in BCSCs (Fig. 5A). As the substrate of GSK3β, β-catenin 
showed low phosphorylation at Ser 45 and its expression 
was upregulated in BCSCs versus non-BCSCs, indicating 
that the stability of β-catenin was maintained in BCSCs (Fig. 
5B and C). All these results suggest that Wnt/β-catenin sign-
aling is hyperactivated in BCSCs compared with non-BCSCs.

To investigate the role of B4GalT5 in regulating Wnt/ 
β-catenin signaling, we first depleted B4GalT5 using B4GalT5  
siRNA in multiple breast cancer cell lines, including MCF-
7ADR, MCF-7 and MDA-MB-231, and found that the expres-
sion levels of the Wnt/β-catenin signaling-related molecules 
Frizzled-1 and β-catenin were decreased significantly (Fig. 
5D and E). In contrast, B4GalT5 overexpression significantly 
augmented the amounts of Frizzled-1 and β-catenin (Fig. 
5F and G). As a canonical Wnt protein, wnt 3α is widely  
expressed and a representative ligand that interacts with 
the receptor Frizzled-1 and thereby activates the β-catenin– 
dependent pathway in Wnt signaling [18]. As shown in Fig. 
5H and I, wnt 3α did not successfully induce activation of 
Wnt/β-catenin signaling and failed to reverse the decrease 

in stem cell marker ALDH1A1 expression in the B4GalT5-
knockdown MCF-7ADR cells, further indicating that B4Gal-
T5 regulates the stemness of breast cancer via activation of 
Wnt/β-catenin signaling.

We next elucidated the mechanisms underlying the decrease  
in β-catenin and Frizzled-1 induced by B4GalT5. While Wnt/
β-catenin signaling is inactivated, the β-catenin destruction 
complex is formed and induces β-catenin phosphorylation 
and degradation by the proteasome system [18]. We obser- 
ved that the proteasome inhibitor MG132 reversed the dec-
rease in β-catenin in the B4GalT5-knockdown MCF-7ADR 
cells, whereas the amount of Frizzled-1 was not affected (Fig. 
5J). In addition to the proteasomal pathway, the lysosomal 
system is the other major pathway for protein degradation, 
especially for cell surface receptors [19]. As the receptor of 
Wnt signaling, Frizzled-1 was found to be almost completely 
located on the cell membrane (Fig. 5K), and treatment with 
the lysosome inhibitor leupeptin clearly blocked B4GalT5 
knockdown-induced downregulation of Frizzled-1 in MCF-
7ADR cells (Fig. 5L). Together, these results indicate that 
B4GalT5 knockdown induces degradation of Frizzled-1 via 
the lysosomal pathway and thereby contributes to β-catenin 
degradation by the proteasomal pathway, which leads to  
inactivation of Wnt/β-catenin signaling.

Frizzled-1 is a receptor glycoprotein with N-glycosylation 
modification, as reported on the Uniprot website (http://
www.uniprot.org). Glycans, which are bulky hydrophilic 
polymers, often contribute to increased stability against pro- 
teolysis. Moreover, the covalent binding of glycans to the 
protein surface may inherently enhance the thermal and  
kinetic stability of proteins [20]. B4GalT5 participates in the 
biosynthesis of N-linked oligosaccharides containing galac-
tose residues [6]. Therefore, we assessed whether B4GalT5 
participated in the N-glycosylation modification of Friz-
zled-1 and consequently affected Wnt/β-catenin signaling. 
RCA-I binds to galactose or N-acetylgalactosamine residues 
of membrane glycoconjugates, and RCA-I pull-down assays 
indicated that B4GalT5 knockdown significantly blocked the 
biosynthesis of galactosyl-oligosaccharides in the glycans of 
Frizzled-1, while B4GalT5 overexpression increased its bio-
synthesis (Fig. 5M), indicating a positive correlation between 
B4GalT5 and Frizzled-1 N-glycosylation. Above all, these 
findings strongly indicate that B4GalT5 promotes N-glyco-
sylation of Frizzled-1 and its downstream signaling, thereby 
regulating the stemness of BCSCs.

Discussion

Increasing evidence suggests that BCSCs are involved in 
tumor progression, recurrence and resistance to chemo- and 
radiotherapies [3]; thus, identifying specific factors that can 
regulate BCSC properties is important for reducing recur-
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rence and thereby improving the therapeutic effect on breast 
cancer. In this paper, we demonstrated that B4GalT5-mediat-
ed regulation of BCSCs positively correlated with malignant 
phenotypes and poor prognosis of breast cancer by a series 
of online database analyses and IHC analyses followed by in 
vitro and vivo studies.

A characteristic feature of the malignant transformation 
of tumor cells is the alteration of highly branched N-linked 
oligosaccharides on glycoproteins [4]. Abnormal expression 
of B4Gal-T1-T7 has been reported to be involved in changes 
in highly branched N-linked oligosaccharides, which are  
implicated in a number of diseases, including various can-
cers, inflammation, and viral infection [6]. For example, 
B4GalT2 is a critical effector involved in neuronal develop-
ment, congenital muscular dystrophies and astrocytoma 
[21]. B4GalT4 overexpression is closely associated with colo-
rectal cancer metastasis and poor prognosis in patients [22]. 
B4GalT5 and B4GalT6 are responsible for the production 
of lactosylceramide (LacCer) synthase, which functions in 
the initial step of ganglioside biosynthesis [23]. Moreover, 
B4GalT5 participates in the synthesis of both N-linked oligo-
saccharides and various glycolipids, contributing to highly 
galactosylated cell surface proteins that are associated with 
extraembryonic development and the tumorigenesis of astro- 
cytoma, melanoma and glioma [6]. Finally, B4GalT7 regu-
lates the synthesis of glycosaminoglycans that play a central 
role in many pathophysiological events [24]. In this paper, we 
found that the expression levels of B4GalTs (except B4GalT6) 
were upregulated in invasive breast carcinomas compared 
with mammary tissues, yet only B4GalT5 was found to be 
positively associated with the BCSC marker ALDH1A1, indi- 
cating that B4GalT5 displays CSC-related specificity and 
might play important roles in breast cancer.

Several studies have reported that Wnt/β-catenin signal-
ing is aberrantly activated in various human malignancies, 
including breast, colorectal, gastric, lung, ovary, pancreatic, 
prostate and uterine cancers, leukemia and melanoma, and is 
involved in CSC survival, bulk tumor expansion and metas-
tasis [25]. In this pathway, the Wnt ligand interacts with the 
receptor Frizzled-1, inhibiting the degradation of β-catenin 
and subsequently translocating into the cell nucleus, which 
can regulate the transcription of a number of target genes 
related to cancer development [25]. Our studies also con-
firmed that Wnt/β-catenin signaling was more active in BC-
SCs than in non-BCSCs. As the receptor of Wnt/β-catenin 
signaling, Frizzled-1 shows N-glycosylation that has been 
demonstrated to play an important role in regulating bio-
logical activity, intracellular targeting, protein folding, and 
maintenance of protein stability [26]. We propose for the first 
time that B4GalT5 mediates the biosynthesis of galactosyl-
oligosaccharides in the N-glycosylation modification of Friz-
zled-1, which contributes to the activation of Wnt/β-catenin 
signaling and thereby regulates the stemness of breast can-

cer. Furthermore, we found that B4GalT4 knockdown pro-
moted Frizzled-1 degradation by the lysosomal pathway and 
then contributed to the degradation of β-catenin through the 
proteasomal pathway. Previous studies have reported that  
incomplete N-glycosylation affects the stability of cell surface 
proteins, such as N-cadherin and programmed death-ligand 
1, and leads to their ubiquitylation and subsequent protea-
somal degradation [27,28], which is inconsistent with our 
findings. Since proteins on the cell membrane recycle from 
endosomes to the plasma membrane or are transported to 
lysosomes for degradation [29], we believe that incomplete 
N-glycosylation resulting from the depletion of B4GalT5  
affects the stability of Frizzled-1 located in the cell membrane 
and eventually results in its degradation through the lysoso-
mal pathway.

In addition to the location of B4GalTs in the Golgi complex, 
glycosyltransferases are present on the cell surface, where 
they function as adhesion molecules that are involved in cell-
to-cell and cell-to-extracellular matrix interactions as well 
as cell spreading and migration, and associated with signal 
transduction cascades [15,30]. Consistent with these previ-
ous studies, our data also showed that B4GalT5 was located 
on the cell surface of MCF-7ADR cells and first confirmed 
that it is a type II membrane-bound protein. As B4GalT5,  
located partly on the cell surface, was related to cell spread-
ing and migration [15], cell surface B4GalT5 may be a mole-
cular marker for the stemness of BCSCs. However, flow cyto- 
metry and immunofluorescence assays revealed that cell sur-
face B4GalT5 was not responsible for the stemness of BCSC. 
These results in turn demonstrated that B4GalT5 canonically 
located in the Golgi complex, which affected the level of 
Frizzled-1 by glycosylation modification on the cell surface, 
was responsible for the stemness of breast cancer through 
Wnt/β-catenin signaling. The biological function of cell sur-
face B4GalT5 may only mediate spreading and migration of 
a small number of cells. The finding of a correlation between 
glycosyltransferase distribution and its function in BCSCs 
provides more foundations for drug design to target BCBCs.

In conclusion, we showed that B4GalT5 is overexpressed 
in invasive breast carcinomas, positively associated with 
poor survival, and closely related to the stemness of BCSCs. 
We have demonstrated for the first time that B4GalT5 regu-
lates BCSC properties by affecting the N-glycosylation modi-
fication of Frizzled-1, thereby affecting its stability on the cell 
membrane and inhibiting downstream signaling in BCSCs, 
which is independent of the B4GalT5 location in cells. Our 
findings provide novel insights into the important role of 
B4GalT5 in BCSCs. This study also suggests that targeting 
B4GalT5 may be a promising strategy to suppress or elimi-
nate CSCs in breast cancer.
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Purpose
Assessing the status of metastasis in sentinel lymph nodes (SLNs) by pathologists is an 
essential task for the accurate staging of breast cancer. However, histopathological evalu-
ation of SLNs by a pathologist is not easy and is a tedious and time-consuming task. The 
purpose of this study is to review a challenge competition (HeLP 2018) to develop automat-
ed solutions for the classification of metastases in hematoxylin and eosin–stained frozen 
tissue sections of SLNs in breast cancer patients.  

Materials and Methods
A total of 297 digital slides were obtained from frozen SLN sections, which include post–
neoadjuvant cases (n=144, 48.5%) in Asan Medical Center, South Korea. The slides were 
divided into training, development, and validation sets. All of the imaging datasets have 
been manually segmented by expert pathologists. A total of 10 participants were allowed 
to use the Kakao challenge platform for 6 weeks with two P40 GPUs. The algorithms were 
assessed in terms of the area under receiver operating characteristic curve (AUC).     

Results
The top three teams showed 0.986, 0.985, and 0.945 AUCs for the development set and 
0.805, 0.776, and 0.765 AUCs for the validation set. Micrometastatic tumors, neoadjuvant 
systemic therapy, invasive lobular carcinoma, and histologic grade 3 were associated with 
lower diagnostic accuracy. 

Conclusion
In a challenge competition, accurate deep learning algorithms have been developed, 
which can be helpful in making frozen diagnosis of intraoperative SLN biopsy. Whether this  
approach has clinical utility will require evaluation in a clinical setting.

Key words
Breast neoplasms, Deep learning, Frozen sections, Neoplasm metastasis, 
Sentinel lymph node
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Introduction

Recently, implementation of digital pathology has been ris-
ing because of workforce crisis and increased need of consul-
tation and collaboration. Digital pathology has many advan-
tages in terms of time saving, slide storage, remote working, 
and second-opinion practice, and is becoming a part of routine 
procedure in diverse areas such as primary diagnosis, multi-
disciplinary clinic, and frozen section diagnosis [1]. Owing  
to rapid progress of technology, machine learning techniques 
using digital histopathological images have been investigat-
ed and showed satisfactory results in the detection of tumor  
areas and lymph node metastases in prostate, lung, and breast 
cancers [2-4].

Breast cancer is the most common cancer in women, accoun- 
ting for approximately one-third of all cancers in women glo-
bally. For patients with localized breast cancer, the treatment 
of choice is surgical removal of the primary tumor [5]. In  
order to reduce disease recurrence or metastasis, lymph node 
sampling or dissection should be performed during surgery. 
Because axillary lymph node dissection may cause morbidity, 
such as arm-lymphedema and nerve injury, sentinel lymph 
node (SLN) sampling is recommended in order to determine 
the nodal metastases status and if extensive lymph node dis-
section is required [6-9]. Although some recent studies sug-
gested that the role of SLN biopsy has been diminished in 
early breast cancer patients [10-13], SLN sampling is still con-
sidered important due to its cost- and time-effectiveness and 
usually performed intraoperatively using the frozen section 

technique and which allows surgeons to make immediate  
decisions during surgery [14]. However, pathologists fre-
quently experience problems while making diagnoses of fro-
zen sections.

First, frozen section diagnosis should be made as quickly as 
possible in order to minimize the waiting time for surgeons 
which can cause surgical and anesthetic complications. The 
turnaround time of the frozen section diagnosis is usually 
kept less than 20 to 30 minutes, including the gross exami-
nation, tissue cutting, and staining, and the microscopic exa-
mination [15]. Second, microscopic examination of a frozen 
section is more difficult than that of a conventional section 
because of inferior quality of the sections due to the frozen 
artifact. There are also components, such as capillaries, histio-
cytes, and germinal centers, in lymph nodes and which can 
be mistaken for metastatic carcinoma. Furthermore, frozen 
section diagnosis is extremely difficult in some patients who 
have underwent neoadjuvant systemic therapy before sur-
gery. In order to overcome such difficulties, the deep learn-
ing algorithm might be helpful. For example, the ‘CAncer 
MEtastases in LYmph nOdes challeNge’ (CAMELYON16 and 
CAMELYON17) competitions disclosed that some deep learn-
ing algorithms achieved better diagnostic performance than a 
panel of 11 pathologists participating in a simulation exercise 
designed to mimic routine pathology workflow [4,16]. How-
ever, digital slides which were used in most of those previous 
studies had not been created from frozen tissue sections, but 
from formalin-fixed paraffin-embedded (FFPE) tissue sec-
tions. To our best knowledge, there has not been any reported 

Table 1.  Clinicopathologic characteristics of the patients (resolution [width×height] of digital slide: 93,970×234,042)

 Training set (n=157) Development set (n=40) Validation set (n=100) p-valuea)

Age (yr) 50 (28-80) 49 (30-68) 47 (34-75)
Sex    
    Female 157 (100) 40 (100) 100 (100) > 0.99
Metastatic carcinoma    
    Present, size > 2 mm 68 (43.3) 14 (35.0) 40 (40.0) 0.158
    Present, size ≤ 2 mm 35 (22.3) 5 (12.5) 15 (15.0) 
    Absent 54 (34.4) 21 (52.5) 45 (45.0) 
Neoadjuvant systemic therapy    
    Not received 80 (51.0) 28 (70.0) 45 (45.0) 0.027
    Received 77 (49.0) 12 (30.0) 55 (55.0) 
Histologic type    
    IDC 149 (94.9) 32 (80.0) 86 (86.0) 0.005b)

    ILC 8 (5.1) 5 (12.5) 11 (11.0) 
    MC 0 ( 0 ( 3 (3.0) 
    Metaplastic carcinoma 0 ( 3 (7.5) 0 ( 
Histologic grade    
    1 or 2 118 (75.2) 34 (85.0) 86 (86.0) 0.074
    3 39 (24.8) 6 (15.0) 14 (14.0) 
Values are presented as median (range) or number (%). IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; MC, mucinous car-
cinoma. a)p-values, calculated using the chi-square test, b)For the histologic type, a chi-square test was conducted between IDC and non-IDC.
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study using frozen tissue section of SLNs until the present 
time. In addition, the previous studies did not include post–
neoadjuvant cases, which has been increasing but difficult to 
histologically examine [17].

In the challenge competition originating from the HeLP 
(HEalthcare ai Learning Platform), several models have been 
developed. In this challenge setting, we aimed to evaluate 
the models’ performances for classification of metastases per 
slide in hematoxylin and eosin–stained frozen tissue sections 
of SLNs of breast cancer patients.

 

Materials and Methods

1. Data description
During routine surgical procedure for breast cancer in our 

institution, the excised SLNs were immediately submitted 
for frozen section. All of the SLNs were cut into 2-mm slices, 
entirely embedded in optimum cutting temperature com-
pound, and frozen in –20°C to –30°C. For each lymph node, 
5-μm-thick frozen sections were cut and one or two sections 
were picked up on glass slides and stained with hematoxylin 
and eosin. In this study, a total of 297 digital slides of SLNs 
from 132 patients were retrospectively collected. Among 
those, 144 slides were made from SLNs of patients who had 
received neoadjuvant therapy (48.5%). The slides were divi-
ded into a training set, a development set, and a validation 
set (157, 40, and 100 digital slides, respectively) without con-
sideration of distribution of histologic type. Slides before a 
specific point in time were used as the training and develop-
ment sets, and the other digital slides after that were used as 
the validation set. Patient demographics are summarized in 

Table 1. The slides were scanned using a digital microscopy 
scanner (Pannoramic 250 FLASH, 3DHISTECH Ltd., Buda-
pest, Hungary) in MIRAX format (.mrxs) and with a resolu-
tion of 0.221 μm per pixel. 

2. Reference standard
All the imaging datasets were segmented manually by one 

rater, and their annotations were confirmed by two clinically 
expert pathologists with 6 and 20 years’ experience in breast 
pathology. Regions of metastatic carcinoma larger than 200 
μm in the greatest dimension were annotated as cancer with 
the in-house labeling tool, as shown in Fig. 1. 

3. Challenge competition environment
The challenge competition platform developed by Kakao 

was used to allocate two GPUs to each team. All of the com-
petitors were allowed to access only paths of digital slides 
and corresponding mask images with Kakao platform. Dock-
er image files that enables any of deep learning platform to 
run were used to train models and inference development 
and validation sets. Each team was given two P40 GPUs 
(NVIDIA, Santa Clara, CA) resources for training models. 
Kakao platform used CUDA 9,0 and cuDNN 7.

During the first stage for four weeks, competitors were 
given 197 digital slides as the training and development 
set for four weeks. The training set (157 digital slides) with  
annotated masks was given for training the model, while the 
development set (40 digital slides) without masks was given 
for tuning the model. Model performance calculated by the 
evaluation matrix was listed on the leader board after infer-
encing the development set which was used for tuning the 
model. During the second stage for additional 2 weeks, the 

Fig. 1.  Representative microscopic images of various metastatic carcinomas with annotation (H&E staining). (A) Invasive ductal carcino-
ma, histologic grade 2, consists of medium-sized tumor cells with moderate glandular formation. (B) Invasive ductal carcinoma, histologic 
grade 3, shows large-sized tumor cells with poor glandular formation. (C) Tumor cells are small- to medium-sized and poorly cohesive in 
invasive lobular carcinoma. (D) Mucinous carcinoma contains abundant extracellular mucin. (E, F) Invasive ductal carcinoma after neoad-
juvant systemic therapy shows fragmented clusters of tumor cells (E) or singly scattered, atypical tumor cells (F) in the fibrotic background.
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competitors were given 100 additional digital slides for final 
evaluation of their models with the optimal model derived 
from the development set.  

4. Evaluation metric
The algorithms were assessed for classifying between  

“metastasis” or “normal.” Area under receiver operating cha- 
racteristic curve (AUC) was evaluated by receiver operating 
characteristic (ROC) analysis.

5. Competitors
Forty-five competitors who were interested in digital  

pathology or machine learning registered for this challenge 
within 4 weeks from the beginning of November 2018. Ten 
competitors were selected according to their inner commit-
ments in accordance with the limited platform environment. 
Ten competitors were composed of students, researchers, 
and doctors experienced in medical image analysis using 
machine learning or deep learning. Only four competi-
tors submitted their results on the leaderboard. The meth-
odological description is summarized in Table 2. All of 

the competitors selected only deep learning as the main  
architecture such as Inception v3 [18] for classification of the 
tumor patch or U-Net [19] for segmentation of the tumor 
region. Instead of modifying their models, they focused on 
pre- and post-processing steps to achieve optimal results. In 
one team which ranked high, random forest regression [20] 
was used to inference confidence by extracting high level 
features including the number of tumor regions, percentage 
of the tumor region over the entire tissue region, the area of 
the largest tumor regions, etc., from the heat map generated 
using the deep learning method. Real time-based augmenta-
tion methods were adjusted while training models. Detailed 
descriptions of each algorithm are listed in Table 2.

6. Ethical statement
The institutional review board for human investigations 

at Asan Medical Center (AMC) approved the study proto-
col with removal of all patient identifiers from the images 
and they waived the requirement for informed consent, in 
accordance with the retrospective design of this study. 

Table 2.  Algorithm descriptions and hyper parameters

Team Architecture
 Input size  Optimization Augmentation 

Pre-processing
 Post-processing;

  (slide layer level) (learning rate) real-time  inference for confidence

Fiffeb Inception v3, 256×256×3 (6) SGD (0.9) Color  Otsu Generation of heat map
   RFC   Patch    augmentation,    thresholding,   with image level 7 and
      horizontal flip,   tumor (> 90%)   feeding morphological
      random rotation   and non-tumor   information into FRC;
       (0% and > 20%)   RFC output
DoAI U-Net 512×512×3 (0) SGD  Rotation,  None De-noising for
    Patch   (1e-1, decay 0.1   horizontal and     false-positive reduction;
     each 2 epochs)   vertical flip    CNN output
GoldenPass U-Net,  256×256×3 (4) Adam  Rotation,  Otsu None;
 Inception v3   Patch   (1e-3, 5e-4)   horizontal and   thresholding,    Max value for heat-map
      vertical flip,   tumor (> 100%)
      brightness (0.5-1)
SOG Simple CNN 300×300×3 (4) Adadelta None None None; CNN output
    Slide   (1e-3)   

SGD, stochastic gradient descent; RFC, random forest classifier; CNN, convolutional neural network.

Table 3.  Performance and average time comparison for classification of tumor slide

Team
 Development  Validation   Validation set   Time

 set AUC set AUC ACC  TPR TNR PPV NPV (min)

Fiffeb 0.986 0.805 0.770 0.727 0.822 0.833 0.712 10.8
DoAI 0.985 0.776 0.750 0.800 0.689 0.759 0.738 0.6
GoldenPass 0.945 0.760 0.730 0.782 0.667 0.741 0.714 3.9
SOG 0.595 0.540 0.510 0.145 0.956 0.800 0.478 -
AUC, area under the curve; ACC, accuracy; TPR, true positive rate; TNR, true negative rate; PPV, positive predictive value; NPV, negative 
predictive value. 
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Results

Model performances were sorted in descending order for 
the validation set as shown in Table 3 and Fig. 2. Four teams 
submitted their results on the leader board in development 
and validation sets. For the development set, the Four algo-
rithms showed 0.986, 0.985, 945, and 0.595 AUCs. For the 
validation set which consisted of 100 digital slides, the Fiffeb 
team showed the highest AUC 0.805 in the validation set 
compared with other teams such as the DoAI, GoldenPass, 
and SOG teams at AUC 0.776, 0.760, and 0.540 respective-
ly. Average times of the first three teams (Fiffeb, DoAI, and 
GoldenPass) in validation set were 10.8, 0.6, and 3.9 minutes, 
respectively.

For more detailed analysis, each algorithm was evaluated 

Fig. 2.  Receiver operating characteristics (ROC) comparisons of 
models trained by four algorithms for the validation set and cut-
off threshold value of each algorithm. The cutoff threshold value 
is dotted on each ROC curve. AUC, area under ROC.
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Table 4.  Performance comparison for determining the clinicopathologic characteristics of tumors

                                Team

 Fiffeb DoAI GoldenPass SOG

Metastatic tumor size
    ≤ 2 mm (n=33)    
        TPR 0.600 0.667 0.667 0.067
        FNR 0.400 0.333 0.333 0.933
    > 2 mm (n=22)    
        TPR 0.775 0.850 0.825 0.175
        FNR 0.225 0.150 0.175 0.825
Neo-adjuvant therapy    
    Not received (n=45)    
        TPR 0.731 0.808 0.808 0.154
        TNR 0.842 0.737 0.632 0.895
    Received (n=55)    
        TPR 0.724 0.793 0.759 0.138
        TNR 0.808 0.654 0.692 1.000
Histologic type    
    IDC (n=86)    
        TPR 0.723 0.766 0.766 0.149
        TNR 0.795 0.667 0.641 0.949
    ILC (n=11)    
        TPR 0.833 1.000 1.000 0.000
        TNR 1.000 0.800 0.800 1.000
    MC (n=3)    
        TPR 0.500 1.000 0.500 0.500
        TNR 1.000 1.000 1.000 1.000
Histologic grade    
    1 or 2 (n=86)    
        TPR 0.735 0.816 0.796 0.163
        TNR 0.838 0.676 0.649 0.946
    3 (n=14)    
        TPR 0.667 0.667 0.667 0.000
        TNR 0.750 0.750 0.750 1.000

TPR, true positive rate; FNR, false negative rate; TNR, true negative rate; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; 
MC, mucinous carcinoma.
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with the cutoff threshold determined by the Youden index 
[21] from the ROC curve in the validation set in terms of the 
accuracy (ACC), true positive rate (TPR), true negative rate 
(TNR), positive predictive value (PPV), and negative predic-
tive value (NPV). The first-placed team Fiffeb showed the 
highest AUC (0.805), ACC (0.770), TNR (0.822), and PPV 
(0.833), while the second-placed team DoAI showed the 
highest TPR (0.800) and NPV (0.738).

In addition, model performance comparisons with clini-
cal information for more detail, such as the metastatic tumor 
size (smaller or larger than 2 mm in the greatest dimension), 
whether patients had received neoadjuvant systemic therapy, 
histologic type of tumor, and the histologic grade of the tumor  
was measured, as shown in Table 4. Four teams showed 
higher TPR and lower false-negative rate in lymph nodes 
with larger metastatic tumors. In lymph nodes obtained from 
patients who had received neoadjuvant systemic therapy, 
four teams showed lower TPR and two teams showed lower 
TNR. In terms of the histologic type, three teams showed 
higher TPR and four teams higher TNR in the invasive lobu-
lar carcinoma group than in the invasive ductal carcinoma 
group. When comparing performance between the histologic 
grades, four teams showed higher TPR, but only one team 
showed higher TNR in grade 1 or 2 than in grade 3.

Among the 100 slides in the validation set, 57 slides were 
correctly categorized by all top three teams (35 slides, true-
positive; 22 slides, true-negative), four slides were incor-
rectly categorized as positive (false-positive) by the top three 
teams, and six slides were incorrectly categorized as negative 
(false-negative) by the top three teams, as shown in Fig. 3. 
All of the four false-positive slides were obtained from pati-
ents with invasive ductal carcinoma, histologic grade 2, and 
two slides were from neoadjuvant systemic therapy patients. 
Similarly, all of the six false-negative slides were obtained 
from patients with invasive ductal carcinoma, i.e., five from 
histologic grade 2 patients and one from a histologic grade 3 
patient, and three were from neoadjuvant systemic therapy 
patients. Four of the six false-negative slides had microme-
tastases. The size range of metastatic carcinoma in the false-
negative slides was 0.13 to 4.45 mm.

Discussion

In this current study, all of the competitors adopted convo-
lutional neural network (CNN)–based deep learning meth-
ods as the main idea such as the classification or segmenta-
tion network, and which showed high performance at 0.805, 
0.776, and 0.760 in terms of AUC for the top three teams.

Interestingly, in all four teams, AUC was lower in the 
validation set compared to that in the development set. This 
might be due to the difference in patient demographics, par-
ticularly with regard to neoadjuvant systemic therapy. Distri-
bution of histologic type is different between training, devel-
opment, and validation sets as shown in Table 1. Especially 
in the validation set, the number of slides obtained from  
patients after neoadjuvant systemic therapy was signifi-
cantly higher than that in the development set. Neoadjuvant 
systemic therapy often causes fibrosis and macrophage infil-
tration in the tumor area and fragmentation and/or scatter-
ing of tumor clusters [17], and which can lead to difficulty 
in histologic examination. It might be suggested that this 
neoadjuvant systemic therapeutic effect caused a decrease of 
AUC in the validation set.

Inference time is also key point with this challenge so that 
methods can be adopted in routine clinical practice. Turna-
round time between receiving samples and reporting in con-
ventional frozen section diagnosis has been variably repor- 
ted around 20-30 minutes, including gross examination, free-
zing, cutting, staining, and microscopic examination [22]. 
Time consumed for scanning can be varied upon the size of 
sections, type of scanning machine, magnification, and focus 
layering, but recent studies have reported that 3-9 minutes 
of median handling time for scanning [22,23]. Two different 
types of patch-based CNN methods, classification and seg-
mentation network, have shown pros and cons. The num-
ber of outputs of the classification network in this challenge 
is same with the number of classes that the model classifies  
input patch into (i.e., 1 or 2) by encoding all input dimen-
sions to compressed features for a precise decision. In case of 
segmentation network, the number of outputs is same with 
the number of input dimensions (i.e., 448×448=200,704), 
which is approximately 100K or 200K times more than that 

Fig. 3.  Representative microscopic images of false-positive (A) and false-negative (B) cases. (A) Reactive histiocytes show abundant, eosi-
nophilic cytoplasm and can be misinterpreted as metastatic carcinoma. (B) A very small focus of metastatic carcinoma (approximately 200 
μm in the greatest dimension) is seen and which was missed by all four of the teams.

A B
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of classification network. It is a factor reducing computa-
tional time. In our results, the first-placed team using only 
classification network showed 0.3 higher AUC than that of 
the second-placed team using only segmentation network, 
but too slow to deploy this into the real clinical routine while 
the computational time of the second-placed team took 18.8 
times faster than that of the first-placed team. Ensemble of 
those different types of CNN networks should be considered 
to enhance model performance in routine clinical practice.

Next, we compared model performances according to the 
clinicopathologic factors of the patients. It is generally known 
that in manual examination of intraoperative SLN biopsy, 
false-negative results are more likely in micrometastases and 
favorable and/or lobular histology [24]. In the validation set, 
the top three teams showed better performances in lymph 
nodes with macrometastatic tumor, and which is consistent 
with manual examination and the CAMELYON16 study [4]. 
Lymph nodes which were obtained from non-neoadjuvant 
systemic therapy patients also revealed better performances, 
as discussed above. Lymph nodes from invasive lobular car-
cinoma patients revealed better TPR in the first three teams 
and better TNR in four teams than those from invasive duct-
al carcinoma patients, although the number of slides from 
invasive lobular carcinoma patients is limited. This is in  
accordance with the general results in manual examination 
and the CAMELYON16 study. In the CAMELYON16 study, 
29 among 32 teams showed higher AUC in the invasive duct-
al carcinoma set than in the non-invasive ductal carcinoma 
set. In addition, tumors of histologic grade 1 or 2 showed 
higher TPR in the top three teams, but lower TNR in two of 
the three teams than tumors of histologic grade 3, and which 
requires further studies.

We found that some cases were wrongly categorized by 
the first three teams. All of six false-negative cases showed 
small-sized metastatic carcinoma, and which could result in 
false negativity. In contrast, four false-positive cases did not 
reveal any common clinicopathologic feature. However, we 
assume that reactive histiocytic infiltration or prominent ger-
minal centers in lymph nodes might cause false positivity. 
Manual confirmation is probably necessary, and so a screen-
ing tool that would expedite this process might have broad 
appeal. Interestingly, TPR of mucinous carcinoma cases (0.5-
1.0) was not lower than those of invasive ductal carcinoma 
(0.149-0.766) or invasive lobular carcinoma (0.000-1.000), 
although mucinous carcinoma was not included in training 
and validation sets. This might be due to some histologic 
similarities between mucinous carcinoma and other carcino-
mas, such as cluster formation, bigger cell size than lympho-
cytes, and nuclear size enlargement.

Our study has some strong significance compared to pre-
viously reported studies about possible usefulness of deep 
learning algorithm in diagnosis of SLN metastasis [4,16]. 
First, we used digital slides from frozen sections which were 

made intraoperatively, while previous studies used FFPE sec-
tions. Since frozen sections have lower quality due to tissue 
artifact compared with FFPE sections, it is more difficult to 
examine frozen sections than FFPE sections. However, what 
is used to determine the surgical extent intraoperatively in 
the real world is frozen sections, not FFPE sections. There-
fore, we suggest that studies of the deep learning algorithm 
with SLNs would be more practical if frozen sections are 
used. Second, our dataset includes a high proportion (48.5%) 
of post-neoadjuvant patients. The role of neoadjuvant thera-
py in breast cancer treatment has been increasing these days, 
but it is much more difficult to histologically diagnose SLN 
metastasis after neoadjuvant therapy [17]. During case selec-
tion, we included more post-neoadjuvant cases than clinical 
setting with an intention of making our dataset unique and 
more useful. To reduce false-positive or false-negative issues 
technically, the deep learning models should be re-trained 
with those regions and different hyper-parameters such as 
class weights or loss weights. Those regions with different 
hyper-parameters have deep learning models intensively 
trained as strong positive regions with this strategy. Applica-
tions using these methods can be adopted in routine clinical 
practice by showing attention map with augmented reality 
and training itself robustly with false-positive cases selected 
by pathologists with on-line learning.

Our contest has several limitations. First, only paths to 
access the training, development, and validation sets were 
given to competitors, which means that they had no way to 
check the heat map generated by their models as all dataset 
contests provided were not available in public. Competitors 
were not allowed to check processing in the middle of train-
ing for the same reason. Only less than 1 MB log data could 
be saved and given to competitors for the purpose of debug-
ging after training processing to check if and how the train-
ing is going well. It was also not available how much time 
was spent for training and analyses. This might be one of key 
reasons of the models with relatively low accuracies. Second, 
only two GPUs were given to each competitor, and it could 
be limited resource, although this constraint makes competi-
tors fair. Third, we did not perform immunohistochemistry 
to confirm metastatic carcinoma on frozen section slides. On 
the contrary to FFPE sections, multiple frozen sections which 
were made from the same tissue fragment showed quite dif-
ferent shapes due to the tissue artifact. Therefore, immuno-
histochemistry is not as helpful in frozen sections as in FFPE 
sections to annotate tumor cells. In addition, it is impossible 
to retrospectively perform immunohistochemistry on frozen 
sections. Instead, when we annotate tumor cells in frozen 
sections, we review matched FFPE sections with cytokera-
tin immunohistochemistry in order to minimize annotation  
error. Finally, the high proportion of post–neoadjuvant cases 
or cases with micrometastases could have negatively affec-
ted the diagnostic accuracy of algorithms in this study. It 
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would have been nicer if we could divide the dataset into 
multiple groups and develop different algorithms based on 
patients’ information, such as neoadjuvant status, histologic 
type, or histologic grade of tumor. However, it was impos-
sible due to the limited number of digital slides. We hope 
to expand our dataset and include such analysis in our fur-
ther study. Finally, the model performance can be influenced 
by various parameters including quality of tissue sections, 
staining quality and color differences, type of scanning  
machine, scanning environment, and accuracy of segmenta-
tion. Therefore, further studies for optimization of pre-pro-
cessing of digital images might improve models’ diagnostic 
performances. 

Possibly because of the characteristics of our dataset and 
the above limitations, even the top three algorithms in this 
study showed relatively lower performance than the other 
first prized in CAMELYON16, and lower diagnostic accu-
racy than average of pathologists [25]. However, we believe 
that it is worth holding a digital pathology challenge compe-
tition using frozen tissue sections in open innovation man-
ner. For adjusting algorithms into routine clinical practice, 
HeLP is preparing another challenge competition to handle 
other problems such as localization of micro-metastasis and 
processing time.

Recognition abilities of deep learning and human could be 
complement each other. In addition, algorithms with deep 
learning can be used as computer aided system to help doc-
tors diagnose. For example, virtual reality technology can 
help making quack accurate decision or alert a doctor who 
misses critical parts. 

We held a challenge competition during six weeks to resol-
ve the problem for classification of digital pathology slides 
with metastases in hematoxylin and eosin–stained frozen tis-
sue sections of SLNs of breast cancer patients. The top three 
competitor teams achieved very high AUCs in the develop-
ment set while they performed slightly lower AUC in the val-
idation set. In this open innovation manner, the deep learn-
ing algorithms could be developed and evaluated, which 
might be helpful in the frozen diagnosis of intraoperative, 
SLN biopsy. Further studies are required in order to increase 

the accuracy and decrease the time consuming required to 
apply the deep learning algorithm in the clinical setting.

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

Acknowledgments
This work was supported by Kakao and Kakao Brain corpora-

tions and a grant of the Korea Health Technology R&D Project 
through the Korea Health Industry Development Institute (KHI-
DI), funded by the Ministry of Health & Welfare, Republic of Korea 
(HI18C0022).

Author Details
1Department of Biomedical Engineering, Asan Institute of Life Sci-
ence, Asan Medical Center,  University of Ulsan College of Medi-
cine, Seoul, 2Department of Hospital Pathology, Seoul St. Mary’s 
Hospital, College of Medicine, The Catholic University of Korea, 
Seoul, 3Health Innovation Big Data Center, Asan Institute for Life 
Science, Asan Medical Center, Seoul, Departments of 4Radiology 
and 5Convergence Medicine, Asan Medical Center, University of 
Ulsan College of Medicine, Seoul, 6KakaoBrain-BrainCloud Team, 
Seongnam, 7Department of Computer Science and Engineering, 
Ulsan National Institute of Science and Technology, Ulsan, 8Image 
Laboratory, School of Computer Science and Engineering, Chung-
Ang University, Seoul, 9DoAI Inc., Seoul, 10Department of Business 
Management and Convergence Software, Sogang University, Seoul, 
11Data Science & Business Analytics Lab, School of Industrial Man-
agement Engineering, College of Engineering, Korea University, 
Seoul, 12Software Graduate Program, School of Computing, College 
of Engineering, Korea Advanced Institute of Science and Technol-
ogy, Seoul, 13Department of Biomedical Engineering, Yonsei Uni-
versity, Seoul, 14Department of Social Studies Education, College of 
Education, Ewha Womans University, Seoul, 15Department of Math, 
University of Kwangwoon, Seoul, 16Department of Electrical and 
Computer Engineering, Seoul National University, Seoul, Depart-
ments of 17Pathology and 18Biostatistics, Seoul National Univer-
sity College of Medicine and SMG-SNU Boramae Medical Center, 
Seoul, 19Department of Pathology, Asan Medical Center, University 
of Ulsan College of Medicine, Seoul, Korea

1.  Williams BJ, Bottoms D, Treanor D. Future-proofing pathol-
ogy: the case for clinical adoption of digital pathology. J Clin 
Pathol. 2017;70:1010-8.

2.  Wang S, Chen A, Yang L, Cai L, Xie Y, Fujimoto J, et al. Com-
prehensive analysis of lung cancer pathology images to dis-
cover tumor shape and boundary features that predict sur-
vival outcome. Sci Rep. 2018;8:10393.

3.  Litjens G, Sanchez CI, Timofeeva N, Hermsen M, Nagtegaal 
I, Kovacs I, et al. Deep learning as a tool for increased accu-

racy and efficiency of histopathological diagnosis. Sci Rep. 
2016;6:26286.

4.  Ehteshami Bejnordi B, Veta M, Johannes van Diest P, van Gin-
neken B, Karssemeijer N, Litjens G, et al. Diagnostic assess- 
ment of deep learning algorithms for detection of lymph node 
metastases in women with breast cancer. JAMA. 2017;318: 
2199-210.

5.  Kasper DL, Fauci AS, Hauser SL, Longo DL, Jameson JL, Los-
calzo J. Harrison’s principles of internal medicine. 19th ed. 

References

1110     CANCER  RESEARCH  AND  TREATMENT



Young-Gon Kim, Diagnostic Assessment of Deep Learning Algorithm

New York: McGraw-Hill; 2015.
6.  Hayes SC, Janda M, Cornish B, Battistutta D, Newman B. 

Lymphedema after breast cancer: incidence, risk factors, and 
effect on upper body function. J Clin Oncol. 2008;26:3536-42.

7.  Fleissig A, Fallowfield LJ, Langridge CI, Johnson L, New-
combe RG, Dixon JM, et al. Post-operative arm morbidity and 
quality of life: results of the ALMANAC randomised trial 
comparing sentinel node biopsy with standard axillary treat-
ment in the management of patients with early breast cancer. 
Breast Cancer Res Treat. 2006;95:279-93.

8.  Lyman GH, Temin S, Edge SB, Newman LA, Turner RR, 
Weaver DL, et al. Sentinel lymph node biopsy for patients 
with early-stage breast cancer: American Society of Clinical 
Oncology clinical practice guideline update. J Clin Oncol. 
2014;32:1365-83.

9.  Manca G, Rubello D, Tardelli E, Giammarile F, Mazzarri S, 
Boni G, et al. Sentinel lymph node biopsy in breast cancer: 
indications, contraindications, and controversies. Clin Nucl 
Med. 2016;41:126-33.

10.  Galimberti V, Cole BF, Viale G, Veronesi P, Vicini E, Intra M, 
et al. Axillary dissection versus no axillary dissection in pati-
ents with breast cancer and sentinel-node micrometastases 
(IBCSG 23-01): 10-year follow-up of a randomised, controlled 
phase 3 trial. Lancet Oncol. 2018;19:1385-93.

11.  Giuliano AE, Ballman KV, McCall L, Beitsch PD, Brennan 
MB, Kelemen PR, et al. Effect of axillary dissection vs no axi-
llary dissection on 10-year overall survival among women 
with invasive breast cancer and sentinel node metastasis: the 
ACOSOG Z0011 (Alliance) randomized clinical trial. JAMA. 
2017;318:918-26.

12.  Wang J, Tang H, Li X, Song C, Xiong Z, Wang X, et al. Is surgi-
cal axillary staging necessary in women with T1 breast can-
cer who are treated with breast-conserving therapy? Cancer 
Commun (Lond). 2019;39:25.

13.  Donker M, van Tienhoven G, Straver ME, Meijnen P, van de 
Velde CJ, Mansel RE, et al. Radiotherapy or surgery of the 
axilla after a positive sentinel node in breast cancer (EORTC 
10981-22023 AMAROS): a randomised, multicentre, open- 
label, phase 3 non-inferiority trial. Lancet Oncol. 2014;15:1303-
10.

14.  Celebioglu F, Sylvan M, Perbeck L, Bergkvist L, Frisell J. Intra-
operative sentinel lymph node examination by frozen section, 
immunohistochemistry and imprint cytology during breast 

surgery: a prospective study. Eur J Cancer. 2006;42:617-20.
15.  Chen Y, Anderson KR, Xu J, Goldsmith JD, Heher YK. Frozen-

section checklist implementation improves quality and pati-
ent safety. Am J Clin Pathol. 2019;151:607-12.

16.  Bandi P, Geessink O, Manson Q, Van Dijk M, Balkenhol M, 
Hermsen M, et al. From detection of individual metastases 
to classification of lymph node status at the patient level: the 
CAMELYON17 challenge. IEEE Trans Med Imaging. 2019;38: 
550-60.

17.  Honkoop AH, Pinedo HM, De Jong JS, Verheul HM, Linn SC, 
Hoekman K, et al. Effects of chemotherapy on pathologic and 
biologic characteristics of locally advanced breast cancer. Am 
J Clin Pathol. 1997;107:211-8.

18.  Szegedy C, Vanhoucke V, Ioffe S, Shlens J, Wojna Z. Rethink-
ing the inception architecture for computer vision. In: 2016 
Proceedings of the IEEE Conference on Computer Vision and 
Pattern Recognition; 2016 Jun 27-30; Las Vegas, NV, USA.

19.  Ronneberger O, Fischer P, Brox T. U-net: convolutional net-
works for biomedical image segmentation. In: International 
Conference on Medical Image Computing and Computer-
Assisted Intervention (MICCAI); 2015 Oct 5-9; Munich, Ger-
many. Cham: Springer; 2015. p. 234-41.

20.  Liaw A, Wiener M. Classification and regression by random 
forest. R News. 2002;2:18-22.

21.  Youden WJ. Index for rating diagnostic tests. Cancer. 1950;3: 
32-5.

22.  Laurent-Bellue A, Poullier E, Pomerol JF, Adnet E, Redon MJ, 
Posseme K, et al. Four-year experience of digital slide tele-
pathology for intraoperative frozen section consultations in a 
two-site French academic department of pathology. Am J Clin 
Pathol. 2020;154:414-23.

23.  Menter T, Nicolet S, Baumhoer D, Tolnay M, Tzankov A. Intra-
operative frozen section consultation by remote whole-slide 
imaging analysis: validation and comparison to robotic remo-
te microscopy. J Clin Pathol. 2020;73:350-2.

24.  Akay CL, Albarracin C, Torstenson T, Bassett R, Mittendorf 
EA, Yi M, et al. Factors impacting the accuracy of intra-ope-
rative evaluation of sentinel lymph nodes in breast cancer. 
Breast J. 2018;24:28-34.

25.  Houpu Y, Fei X, Yang Y, Fuzhong T, Peng L, Bo Z, et al. Use of 
Memorial Sloan Kettering Cancer Center nomogram to guide 
intraoperative sentinel lymph node frozen sections in pati-
ents with early breast cancer. J Surg Oncol. 2019;120:587-92.

VOLUME 52 NUMBER 4 OCTOBER 2020     1111



1112 │ https://www.e-crt.org │Copyright ⓒ 2020    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/4.0/) 

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Original Article

Cancer Res Treat. 2020;52(4):1112-1119 https://doi.org/10.4143/crt.2020.245

pISSN 1598-2998, eISSN 2005-9256

Purpose
The introduction of immune checkpoint inhibitors represents a major advance in the treat-
ment of lung cancer, allowing sustained recovery in a significant proportion of patients. 
Nivolumab is a monoclonal anti–programmed death cell protein 1 antibody licensed for 
the treatment of locally advanced or metastatic non-small cell lung cancer (NSCLC) after 
prior chemotherapy. In this study, we describe the demographic and clinical outcomes of 
patients with advanced NSCLC treated with nivolumab in the Korean expanded access 
program.

Materials and Methods
Previously treated patients with advanced nonsquamous and squamous NSCLC patients 
received nivolumab at 3 mg/kg every 2 weeks up to 36 months. Efficacy data including 
investigator-assessed tumor response, progression data, survival, and safety data were 
collected.    

Results
Two hundred ninety-nine patients were treated across 36 Korean centers. The objective 
response rate and disease control rate were 18% and 49%, respectively; the median pro-
gression-free survival was 2.1 months (95% confidence interval [CI], 1.87 to 3.45), and the 
overall survival (OS) was 13.2 months (95% CI, 10.6 to 18.9). Patients with smoking history 
and patients who experienced immune-related adverse events showed a prolonged OS. 
Cox regression analysis identified smoking history, presence of immune-related adverse 
events as positive factors associated with OS, while liver metastasis was a negative factor 
associated with OS. The safety profile was generally comparable to previously reported 
data.

Conclusion
This real-world analysis supports the use of nivolumab for pretreated NSCLC patients, inclu-
ding those with an older age.    
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Non-small cell lung cancer, Anti–PD-1, Real-world data
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Introduction

The introduction of immune checkpoint inhibitors (ICIs) 
has led to tremendous changes in the treatment of advanced 
stage non-small cell lung cancer (NSCLC), and ICIs have 

emerged as one of the most effective anticancer agents. ICIs 
can block inhibitory pathways that control the immune res-
ponse, restoring and sustaining the immune system against 
cancer cells. Programmed death cell protein 1 (PD-1) is a 
promising target of immunotherapy, and tumor expression of 
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programmed death-ligand 1 (PD-L1) has been widely inves- 
tigated as a predictive marker of response, although its sensi- 
tivity and specificity is modest [1]. Recent pivotal stud-
ies have assessed the role of immunotherapy in metastatic 
NSCLCs in both squamous and nonsquamous histology, and 
three agents (nivolumab, pembrolizumab, atezolizumab) 
have been investigated for the treatment of previously treated 
metastatic NSCLC. 

Nivolumab is a human IgG4 monoclonal antibody that 
blocks PD-1, and is now approved in second-line therapy 
of metastatic NSCLC patients. Nivolumab was tested in the 
open label, randomized phase 3 trials of CheckMate 017 and 
057 [2,3] for previously treated squamous and nonsquamous 
NSCLC, respectively, and showed significantly improved OS 
compared to docetaxel in both trials. Recently, 5-year pooled 
OS rates for CheckMate017 and CheckMate057 were reported 
to be 13.4% for nivolumab, whereas it was 2.6% for docetaxel 
[4]. However, these clinical trials have excluded patients with 
poor performance status, brain metastases, and epidermal 
growth factor receptor (EGFR)/anaplastic lymphoma kinase 
(ALK) genomic alterations. About one-third of lung cancer  
patients present with poor performance status (Eastern Coop-
erative Oncology Group performance status [ECOG PS] ≥ 2) in 
the real world, although they have been excluded from most 
clinical trials [5]. While there is a higher frequency of EGFR and 
ALK-altered patients in Asia, this subgroup of patients cannot 
be overlooked in the era of immunotherapy. Moreover, elder-
ly patients are frequently under-represented in clinical trials,  
despite the growing population worldwide [6].

Nivolumab was provided by Ono Pharmaceuticals through 
an expanded access program (EAP) from February 2016 to 
March 2019 for both squamous and nonsquamous NSCLC 
patients in Korea. The EAP program enrolled 300 advanced 
NSCLC patients from 36 sites in Korea, and represents the 
largest nation-wide representation of real-world practice. 
Here, we present the characteristics of response and toxicity 
of nivolumab treatment in multiple centers in Korea. 

 

Materials and Methods

1. Patients and data collection
Advanced NSCLC patients were screened and recruited 

from 36 academic hospitals across the Republic of Korea. 
Eligibility criteria included locally advanced or metastatic 
NSCLC that had progressed despite standard therapy, an 
ECOG PS of 0 to 2, and adequate organ function and labo-
ratory results. Key exclusion criteria included active brain 
metastases, autoimmune diseases, and patients with a life 
expectancy of < 6 weeks. Nivolumab was given 3 mg/kg intra- 
venously every 2 weeks for a maximum of 36 months or until 
disease progression, unacceptable toxicity, or withdrawal of 
consent. Dose escalation or reduction was not allowed. 

2. Efficacy assessment
Baseline tumor assessment was performed before the start 

of treatment, and response evaluation was performed by 
computed tomography imaging at least every 3 months,  
according to the local standard of practice. Tumor size meas-
urement was performed according to RECIST 1.1 criteria [7].  
An overall response was defined as a complete response (CR) 
or partial response (PR). Other efficacy parameters included 
disease control rate, duration of response, progression-free 
survival (PFS), and overall survival (OS). PFS was defined 
as the time from the start of nivolumab treatment to disease 
progression or death from any cause. OS was defined as the 
time from the start of nivolumab treatment to death from any 
cause. 

3. Safety assessment
Safety was assessed at each patient visit by routine physi-

cal examination and laboratory assessment as needed by the 
physician. Blood tests included hematology, routine che- 
mistry (including liver, kidney function, and pancreatic  
enzymes) and hormonal measurements (thyroid, adrenal 
function). Toxicity was classified according to Common Ter-
minology Criteria for Adverse Events ver. 4 (CTCAE v4.0), 
and data regarding immune-related adverse events (irAEs) 
were reported retrospectively by patient chart review and 
laboratory reports. 

4. Statistical analysis
All patients who received at least one dose of nivolumab 

were included in the intention-to-treat analyses for efficacy 
and safety. Data were summarized using descriptive sta-
tistics or contingency tables for demographic and baseline 
characteristics, response measurements, and safety measure-
ments. All survival analyses were estimated using Kaplan-
Meier curves and compared using the log-rank test. Hazard 
ratios and corresponding confidence intervals were estimat-
ed with the Cox proportional hazards model. All statistical 
analyses were performed with SPSS ver. 25.0 (IBM Corp., 
Armonk, NY).

5. Ethical statement
This program was performed in accordance with the prin-

ciples of the Good Clinical Practice and was approved by 
the institutional review board of each hospital. All patients 
provided written informed consent before participation in 
the EAP. 

Results

1. Baseline characteristics
From February 2016 to September 2016, a total of 334  

patients were screened and 300 patients were enrolled in the 
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EAP. One patient did not start the treatment, so a total of 299 
patients were evaluated for intention-to-treat analysis (Fig. 
1). Median follow up time was 30.1 months (95% confidence 
interval [CI], 0 to 36.3), and a median of 6 doses of nivolum-
ab were administered (range, 1 to 79). The median age of all  
patients was 61 (range, 31 to 85 years), and 206 (68.9%) were 
male patients. Most patients (87.3%) had ECOG PS 0-1, but 
38 patients (12.7%) had ECOG PS 2. By histology, 198 (66.2%) 
patients had adenocarcinoma, 85 (28.4%) had squamous cell 
carcinoma, 6 (2%) had large cell carcinoma. Distant metasta-
sis was identified in 275 (91.9%) patients, and the most com-
mon site of metastasis was bone (27.1%), followed by lung 
(24.4%) and brain (20.1%). Regarding smoking history, 108 
(36.1%) patients were never-smokers, and former or current 
smokers (63.9%) were more prevalent. Most patients (86.9%) 
had stage Ⅳ disease and were former or current smokers 
(63.9%). As previous therapy, 61.5% of patients had surgery, 
51.8% had radiotherapy, and 27.1% had received one line of 
chemotherapy before nivolumab. The majority of patients 
(72.9%) had received two or more lines of chemotherapy, 
ranging from 2 to 7 (Table 1). 

As PD-L1 testing was optional in this program, PD-L1  
immunohistochemistry results were available in only 17 pati- 
ents (5.7%), EGFR mutations were identified in 48 patients 
(16.1%), and ALK translocations were identified in five pati-
ents (1.7%), but EGFR and ALK gene status was not available 
in 155 (51.8%) and 176 (58.9%) patients, respectively. 

2. Efficacy
Response evaluation was available in 256 patients, and 43 

patients (14%) had missing evaluation scans due to progres-
sive disease or death before first evaluation (Table 2). Best 
objective overall response (ORR) in the evaluable population 
was: CR in four patients (2%), PR in 49 patients (16%), sta-
ble disease in 92 patients (31%), and progressive disease in 
111 (37%) patients. The ORR was 18%, and disease control 
rate (DCR) was 49%. The median time to response was 1.8 

months (range, 1.3 to 18.2 months), and the median dura-
tion of response in those who achieved objective response 
was 21.0 months (range, 0.8+ to 33.2+ months). We compared 
ORR according to histology (squamous cell carcinoma vs. 
adenocarcinoma) and smoking status (never vs. former/cur-
rent). The ORR (24.7% vs. 13.6%, p=0.023) and DCR (56.5% 
vs. 42.9%, p=0.036) in squamous cell carcinoma patients 
were both significantly higher than adenocarcinoma pati-
ents, while the ORR and DCR did not differ between never-

Fig. 1.  Flow diagram of the study patients. Three hundred thir-
ty-four patients were nominated for treatment in the nivolumab 
EAP. Thirty-four patients did not meet the study criteria and 
failed the screening. A total of 300 patients were enrolled, but 
one patient did not start the treatment. Overall, 299 patients 
were included in the analysis. 

Screened (n=334)

Enrolled (n=300)

Started treatment (n=299)

Screening failure (n=34)

Not started treatment (n=1)

Table 1.  Baseline characteristics of all patients

Characteristic No. (%) (n=299)

Sex 
    Male 206 (68.9)
    Female 93 (31.1)
Age (yr) 
    Median (range) 61 (31-85)
ECOG PS 
    0-1 261 (87.3)
    2 38 (12.7)
Histology 
    Adenocarcinoma 198 (66.2)
    Squamous cell carcinoma 85 (28.4)
    Large cell carcinoma 6 (2.0)
    Other 10 (3.3)
Metastasis site 
    Adrenal glands 31 (10.4)
    Bone 81 (27.1)
    Brain 60 (20.1)
    Liver 32 (10.7)
    Lung ipsilateral 55 (18.4)
    Lung contralateral 73 (24.4)
    Other 109 (36.5)
Clinical stage 
    IIIA 2 (0.7)
    IIIB 37 (12.4)
    IV 260 (87.0)
Smoking history 
    Never 108 (36.1)
    Former 171 (57.2)
    Current 20 (6.7)
Previous therapy 
    Surgery 
        Yes 115 (38.5)
        No 184 (61.5)
    Radiotherapy 
        Yes 144 (48.2)
        No 155 (51.8)
    Chemotherapy  
        1 81 (27.1)
        ≥ 2 218 (72.9)

ECOG PS, Eastern Cooperative Oncol ogy Group performance 
status.
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smokers and former/current smokers. The Kaplan-Meier 
estimates for PFS and OS are reported in Fig. 2A and B. The 
median PFS was 2.1 months (95% CI, 1.87 to 3.45), and the 
median OS was 13.2 months (95% CI, 10.6 to 18.9). The 1-year 
and 2-year PFS rate was 18.2% and 11.7% and, 1-year and 
2-year OS rate was 54.5%, 40.1%, respectively. Next, PFS and 
OS were compared between specific patient subgroups. For-
mer or current smokers showed significantly longer OS, but 
not PFS, compared to never-smokers (Fig. 3A and B). PFS 
and OS were not significantly different according to tumor 
histology (Fig. 3C and D). 

3. Efficacy in specific patients’ subgroups
We compared ORR according to different clinical param-

eters including metastatic site, ECOG PS, prior treatment  
line, presence of immune-related AE (irAE), and EGFR 

mutation status (S1 Table). We noted a significantly higher  
ORR in patients who presented with irAE than those who 
did not (32% vs. 11%, p < 0.001). In addition, patients who 
received one prior therapy showed higher ORR than those 
who received two or more prior therapies (27% vs. 14%, 
p=0.009). However, there were no significant differences in 
ORR according site of metastasis, ECOG PS or EGFR muta-
tion status. 

When PFS and OS were compared between specific patient 
subgroups, we noted that patients who were aged 75 or older 
showed a significantly prolonged PFS (p=0.046) compared to 
patients under 75 years (S2A Fig.), while OS was not different 
(S2B Fig.). There were no differences in PFS or OS according 
to ECOG PS (S2C and S2D Fig.). Patients who experienced 
irAEs showed a significantly prolonged PFS and OS com-
pared to those who did not (p < 0.001) (S2E and S2F Fig.). 

Table 2.  Overall objective response

                                        Histology                                     Smoking

 
Total

 Squamous Adenocarcinoma Never Former or
 

(n=299)
 (n=85) (n=198) (n=108) current (n=191)

Objective response ratea) 53 (18) 21 (25) 27 (14) 13 (12) 40 (21)
Disease control rateb) 145 (49) 48 (56) 85 (43) 45 (42) 100 (52)
Best overall response     
    CR 4 (2) 2 (2) 2 (1) 1 (1) 3 (2)
    PR 49 (16) 19 (22) 25 (13) 12 (11) 37 (19)
    SD 92 (31) 27 (32) 58 (29) 32 (30) 60 (31)
    PD 111 (37) 28 (33) 79 (40) 43 (40) 68 (36)
    NE 43 (14) 1 (1) 0 ( 0 ( 1 (1)
Duration of responsec) (mo) 21.03 16.9  26.8  20.4  26.8
 (0.79+ to 33.15+) (1.94 to 33.08+) (0.79+ to 32.85+) (2.43 to 32.39+) (0.79+to 33.15+)
 Values are presented as number (%) or median (range). CR, complete response; PR, partial response; SD, stable disease; PD, progressive 
disease; NE, not evaluable. a)Best overall response is CR or PR, b)Best overall response is CR or PR or SD, c)The duration of response was 
defined as the time from the date of first response (CR/PR) to the date of first documented disease progression/death (event), or last tumor 
assessment (censored).

Fig. 2.  Kaplan-Meier curves of progression-free survival and overall survival in non-small cell lung cancer patients treated with nivolum-
ab. (A) Progression-free survival of all patients. (B) Overall survival of all patients.
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On the other hand, patients who presented with concomitant 
brain and liver metastases showed the shortest PFS and OS 
compared to those with brain, liver, or other metastases (data 
not shown). 

Ninety-three patients were treated beyond progression, 
and of these patients, two (2%) achieved objective response 
beyond progression, and disease control was achieved in 
18 (19%) patients. The median OS of patients who received 
nivolumab beyond PD was 13.2 months (95% CI, 9.59 to 
23.95), which was significantly longer from those who with-
drew after PD (8.28 months; 95% CI, 6.05 to 12.35; p=0.048). 

When we compared clinical or tumor characteristics bet-
ween early progressors (< 4 cycles) and long-term respond-
ers (≥ 48 cycles), no baseline clinical or tumor characteristics 
clearly distinguished long-term survivors (data not shown). 

There was a trend toward long-term efficacy in patients with 
squamous histology and patients with smoking history.

4. Univariate and multivariate analyses
We next performed univariate and multivariate analyses 

to assess the role of each clinical parameter on OS and PFS. 
Cox regression analysis identified smoking history, pres-
ence of irAE as positive factors associated with OS, and liver  
metastasis was negative factor associated with OS. At mul-
tivariate analysis, all three factors maintained their inde-
pendent prognostic role (Table 3). In addition, the presence 
of irAEs was also a positive factor associated with PFS (S3 
Table). 

Fig. 3.  Kaplan-Meier curves. (A) Comparison of progression-free survival between former or current smokers versus never-smokers. (B) 
Comparison of overall survival between former or current smokers versus never-smokers. (C) Comparison of progression-free survival 
between squamous cell carcinoma and adenocarcinoma. (D) Comparison of overall survival between squamous cell carcinoma and adeno-
carcinoma. HR, hazard ratio; CI, confidence interval.
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5. Safety
Treatment-related AE of any grade, and treatment-rela-

ted AE of grade 3-4 events were reported in 63% and 18% of 
patients, respectively. The discontinuation rate due to treat- 
ment-related AEs was 8%. No treatment-related deaths 
were reported. IrAEs were reported in 32% of patients (S4  
Table). The most common treatment-related AEs were decrea- 
sed appetite (9.7%), pruritus (8.0%), pneumonia (7.0%), fati- 
gue (7.0%) and diarrhea (7.0%). The most common treatment-  
related grade 3-4 AEs were dyspnea (1.7%), hepatotoxic-
ity (1.3%), and pleural effusion (1%) (S5 Table). The most  
common irAEs was skin toxicity, occurring in 11% of pati- 
ents, followed by endocrine (8%) and gastrointestinal (7%) 
(S6 Table). The following treatment-related grade 3/4 irAEs 
were notable: skin toxicity presenting as erythematous skin 
rash (n=1) and rash acneiform (n=1), pulmonary toxicity pre-
senting as pneumonitis (n=2), hepatotoxicity presenting as 
aspartate aminotransferase/alanine transaminase increased 
(n=2), musculoskeletal toxicity presenting as myalgia (n=1), 
and endocrine toxicity presenting as thyroid-stimulating 
hormone increase (n=1).

 

Discussion

In this real-world analysis, efficacy and safety of nivolum-
ab were comparable to previous phase 3 results. ORR, PFS, 
and OS in our population were similar to the observations in 
the CheckMate017 and CheckMate057 studies [2,3]. In addi-
tion, 3-year OS was 20.4% in our study, while it was 17.1% 
in the pooled phase 3 analyses [4]. There were no new safe-
ty signals identified in our study. Unlike clinical trials, we  
included patients with ECOG PS 2 and those who were pre-
viously heavily treated, thus this EAP represents a sizeable 
real-world experience with nivolumab. 

Subgroup analyses showed that patients who experienced 
irAEs showed significantly higher ORR, PFS, and OS. The 
correlation between irAEs and efficacy has been previously 
reported [8-12]. In a recent study conducted in Spain, the 
probability of having a clinical response was 23 times higher 
in those patients who showed an irAE [8]. In a series of cas-
es from clinical trials at MD Anderson, patients who were 
treated with ICIs showed better ORR and PFS if they expe-
rienced severe irAEs [10]. In a Japanese lung cancer cohort 
treated with nivolumab, patients with early irAEs showed 
improved ORR and PFS compared with those without [12]. 
However, these reports were retrospective in nature, similar 
to ours, and whether or not the presence of irAEs could be 
a novel predictor of response should be further validated in 

Table 3.  Cox proportional hazard model for overall survival

Variable
   Univariate analysis   Multivariate analysis

 
Reference

 Hazard ratio 95% CI  p-value Hazard ratio 95% CI  p-value

Age
    ≥ 75 yr < 75 yr 0.62 0.31-1.23 0.172 - - -
Smoking history       
    Former or current Never 0.66 0.46-0.96 0.028 0.65 0.44-0.94 0.024
Histology       
    Squamous cell carcinoma Adenocarcinoma 0.92 0.62-1.38 0.697 - - -
Brain metastasis       
    Yes No 1.40 0.93-2.11 0.110 - - -
Liver metastasis       
    Yes No 2.38 1.52-3.75 < 0.001 2.18 1.37-3.47 0.001
ECOG PS       
    2 0-1 1.60 0.97-2.65 0.067 - - -
Previous treatment line       
    ≥ 2 1 1.42 0.94-2.15 0.094 - - -
Immune-related AE       
    Yes No 0.44 0.29-0.67 < 0.001 0.50 0.33-0.76 0.001
AE       
    Yes No 0.77 0.44-1.35 0.360 - - -
EGFR       
    Positive Negative 0.94 0.52-1.72 0.854 - - -
 CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; AE, adverse effect; EGFR, epidermal growth 
factor receptor.
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prospective trials. One possibility is that the longer exposure 
to nivolumab increases the risk of developing irAEs. Still, the 
association between irAEs and the efficacy of ICIs highlights 
the need for better management of irAEs so that patients can 
continue treatment as long as possible. 

We noted that elderly patients demonstrated similar ben-
efits compared to those in the overall population. Efficacy 
was similar among patients aged < 65, 65 to < 75, ≥ 75 years, 
and safety profiles were also similar. When age group was 
divided into < 75, and ≥ 75 years, patients who were aged ≥ 
75 showed a significantly longer PFS, although this was no 
longer significant in Cox proportional hazard models. While 
elderly patients are often under-represented in clinical tri-
als [13], recent real-world data suggests that the efficacy of 
ICIs does not deteriorate in elderly patients [14,15]. In a large 
French study, advanced NSCLC patients aged 80 years or 
over showed similar median OS compared to patients under 
80 years, suggesting that no specific tolerability issue arose in 
this age group [15]. In an Italian EAP study, tumor response 
was similar across patients aged < 65, 65 to < 75, and ≥ 75 
years [14]. Therefore, we cautiously suggest that old age 
alone should not be a barrier to anti–PD-1/PD-L1 treatment, 
but further study of larger elderly populations is warranted. 

In our study, squamous histology seemed associated with 
higher ORR, although it did not lead to improved survival 
outcomes. This could be explained by the higher prevalence 
of oncogenic driver mutations in adenocarcinomas, which 
are reported to be less responsive to anti–PD-1/PD-L1 ther-
apy [16,17]. Similarly, former or current smokers had a pro-
longed OS compared to never-smokers, and smoking status 
maintained significant after multivariate analysis. This is in 
line with a recent meta-analysis that PD-1 and PD-L1 inhibi-
tors significantly prolonged the OS in smoking patients [18]. 

Liver metastasis was associated with poor survival outcome 
in our study. The presence of liver metastasis significantly  
increased the likelihood of death (hazard ratio, 2.18; p=0.001) 
in multivariate analysis. A recent study which explored 
the association of liver metastasis and response in patients 
with melanoma and lung cancer also suggested that liver  
metastasis was associated with reduced response and short-
er PFS [19]. In this study, reduced CD8+ T cell density at the 
invasive tumor margin was observed in liver biopsies, pro-
viding a possible background for poor survival. Multiple 
mechanisms have been suggested to explain liver-induced 
immune tolerance, such as poor CD4+ T cell activation [20], 
and Kupffer cells activating regulatory T cells [21]. Further 
mechanistic studies may aid to explain factors influencing 
response to ICIs.  

The presence of EGFR mutation in tumor is known to be 
poorly responsive to ICIs. In a meta-analysis by Lee et al. [22], 
ICIs were not superior to docetaxel in EGFR-mutant subset, 
and in another meta-analysis, the PFS was in fact worse in 
patients with EGFR-mutant subset treated with PD-1/PD-

L1 inhibitors versus docetaxel [23]. In our study, ORR, PFS, 
and OS were not different according to EGFR mutation sta-
tus, but this may be due to small number of EGFR-mutant  
patients and EGFR mutation status was largely unavailable 
in most patients.

Thirty-eight patients (12.7%) with ECOG PS 2 were enrol-
led in our study, and efficacy results showed that ORR, PFS, 
and OS were not significantly inferior in ECOG PS 2 patients. 
This indicates that, unlike clinical trials, ECOG PS 2 patients 
can also benefit from ICIs in the real-world setting. 

Our study has some limitations. The EAP did not require 
the PD-L1 status of tumor tissue for enrollment, so our data 
lacks analysis on the PD-L1 status and efficacy. Furthermore, 
there were no data on brain response evaluation to evaluate 
intracranial efficacy. 

In conclusion, the efficacy of nivolumab in real-world 
patients seems to be comparable to that of clinical trials, 
and nivolumab is a viable option in the previously treated 
NSCLC patients.
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Purpose
Despite advances in treatment, lung cancer remains the leading cause of cancer mortality. 
This study aimed to characterise genome-wide tumorigenesis events and to understand 
the hypothesis of the multistep carcinogenesis of lung adenocarcinoma (LUAD).

Materials and Methods
We conducted multiregion whole-exome sequencing of LUAD with synchronous atypical 
adenomatous hyperplasia (AAH), adenocarcinoma in situ, or minimally invasive adenocar-
cinoma of 19 samples from three patients to characterize genome-wide tumorigenesis 
events and validate the hypothesis of the multistep carcinogenesis of LUAD.  We identified 
potential pathogenic mutations preserved in preinvasive lesions and supplemented the 
finding by allelic variant level from RNA sequencing.     

Results
Overall, independent mutational profiles were observed per patient and between patients. 
Some shared mutations including epidermal growth factor receptor (EGFR , p.L858R)  were 
present across synchronous lesions.   

Conclusion
Here, we show that there are driver gene mutations in AAH, and they may exacerbate as a 
sequence in a histological continuum, supporting the Darwinian evolution model of cancer 
genome. The intertumoral and intratumoral heterogeneity of synchronous LUAD implies 
that multi-biomarker strategies might be necessary for appropriate treatment. 
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Introduction

Although molecular targeted therapies and immune check-
point inhibitors have markedly improved treatment out-
comes in lung cancer, it remains the leading cause of cancer 
deaths [1]. Lung adenocarcinoma (LUAD) is the most com-
mon subtype of lung cancer, accounting for approximately 
28%-50% of all cases [2,3], and its incidence is continuously 

increasing. LUAD is often diagnosed at an advanced stage, 
leading to a poor prognosis. Multiregional sequencing in lung 
cancer showed high degree of intratumoral heterogeneity 
[4], highlighting that understanding the processes of LUAD 
genome evolution by accumulating somatic mutations over 
time is important for the early diagnosis and prevention of 
LUAD.

LUAD with ground-glass/lepidic feature is hypothesised 
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to follow a multistep tumorigenesis starting from atypical 
adenomatous hyperplasia (AAH), to adenocarcinoma in situ 
(AIS), to minimally invasive adenocarcinoma (MIA), and  
finally to invasive or lepidic-predominant adenocarcinoma 
(ADC) as a histologic stepwise continuum [5,6]. AAH is the 
only reported precursor lesion to LUAD and is occasionally 
discovered in the surgically resected lung tissue harboring 
lung cancer [6]. However, studies on AAH are limited due to 
its rarity and small lesion size.

The first targeted sequencing study on AAH and paired 
ADC lesions reported increasing mutational abundance 
of synchronous epidermal growth factor receptor (EGFR), 
KRAS, and TP53 mutations in the tumor [7]. Another target-
ed sequencing study combined with transcriptome analysis 
suggested that exclusive pathways in the driver gene BRAF 
or KRAS mutate and initiate the progression of precursor  
lesions to malignancy [8]. Recently, we reported targeted 
deep sequencing in sequential lesions [9]. The increased pro-
portions of overall mutated lesions in advanced lesions and 
shared mutations of EGFR between synchronous lesions  
implied a linear stepwise progression of LUAD [10]. Howev-
er, the interlesional and intralesional heterogeneity reported 
in previous AAH studies and the analysis being limited to the 
focused gene list make it difficult to understand the overall 
genetic alteration events.

This study aimed to characterize genome-wide tumorigen-
esis events and to elucidate the hypothesis of the multistep 
carcinogenesis of LUAD. Towards this goal, we conducted 
multiregion whole-exome sequencing (WES) of LUAD and 
preinvasive lesions and paired normal tissue samples.  

Materials and Methods

1. Sample selection
We used patients’ specimens collected in the previous tar-

geted sequencing study [9]. Histologic slides from patients 
who underwent wedge resection or lobectomy were stained 
with haematoxylin and eosin for routine pathologic diagno-
sis. From each formalin-fixed, paraffin-embedded (FFPE) tis-
sue, 10 µm-thick sections were cut for DNA extraction after 
minimum trimming, and pathologists reviewed cases and 
microdissected the area containing > 60% neoplastic cells. 
Three patients (P1, P5, and P8) with complete AAH-AIS-
MIA-ADC sequences of synchronous lesions were chosen. 
For WES, the remaining extracted DNA from the FFPE tis-
sues were prepared. The characteristics of the entire paired 
samples for WES, targeted sequencing, and RNA sequencing 
are summarized in S1 Table. 

Information regarding patient characteristics and sample 
collections was detailed in the previously reported paired 
targeted sequencing study [9]. 

2. DNA and total RNA preparation 
For RNA sequencing (RNA-seq), total RNAs were extrac-

ted from additional FFPE tissue sections from the same pati-
ents, and cDNA were synthesized according to the manufac- 
turer’s protocol. Non-tumorous samples were used as con-
trols for RNA-seq. Genomic DNA was extracted using the 
Maxwell (R) 16 FFPE Plus LEV DNA Purification Kit (Pro-
mega, Mannheim, Germany) and quantified with PicoGreen 
dsDNA quantitation assay (Molecular Probes, Eugene, OR). 
All samples passed the in-house quality control criteria of 
next-generation sequencing library. The library preparation 
was performed through Agilent SureSect V5 (Agilent Tech-
nologies, Santa Clara, CA) and TruSeqProtocol with TruSeq 
Exome Enrichment (Illumina, San Diego, CA). DNA sequenc-
ing and RNA-seq was performed using an Illumina HiSeq 
2500 with 100 bp×2 paired-end reads. 

3. Somatic DNA variant calling 
WES variants were called with three different caller strate-

gies: Genomon2 pipeline, Mutect (ver. 1.1.4), and MuTect2 
(S2 Fig.). Genomon2 pipeline with default parameters iden-
tified any potential somatic mutation if Fisher exact test  
resulted in a p-value < 0.05. For Mutect and MuTect2, raw 
reads were aligned using BWA (ver. 0.7.12) and then pre-
processed using GATK (ver. 32.6) per the best practices rec-
ommended by the Broad Institute. To maximize sensitivity, 
MuTect2 was run with a low cut-off (--max_alt_alleles_in_
normal_count 10000000 --max_alt_allele_in_normal_fraction 
0.10). Single-nucleotide variants (SNVs) were filtered with a 
minimum read depth of 20 in the lesions and the matched 
control, and variant allele frequency (VAF) of being greater 
than 4% in any lesions and less than 1% in the matched con-
trol was set as cut-off values. The 4% cut-off was decided 
based on the paired comparison between the WES samples 
and the targeted sequencing samples (S2 Fig.). Variants were 
annotated via ANNOVAR (ver. 2016-02-01) or Cancer Geno-
me Interpreter [11], and only exonic variants were further 
filtered. Read depth was obtained via bam-readcount (ver. 
0.8.0). Insertions and deletions (indels) were identified with 
the same read-depth and VAF filter criteria and manually  
reviewed using the Integrative Genomics Viewer. 

4. Copy number analysis 
Copy number analysis was performed using Sequenza 

(ver. 2.1.2) and Excavator2. Segmental somatic copy number 
alterations (CNAs) were defined according to the intersec-
tion between Sequenza (filtered by Bayes factor > 0.3) and 
Excavator2 (filtered by call probability > 0.9).

5. Inferred clonal tree construction  
An individual inferred clonal tree was constructed based 

on the VAF matrix with SNV as rows and samples as col-
umns. Clonal sequences rather than multiregion trees were 
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used to avoid biased inference of the underlying subcolonal 
structures [12]. For each patient, two VAF and read-depth 
matrices (size of [no. of SNVs]×number of lesions) were  
decomposed into a genotype matrix (size of [no. of SNVs]× 
no. of clones) and a clone frequency matrix (size of [no. of 
clone]×no. of lesions) using an Expectation-Maximization 
algorithm. The algorithm required a fixed clone number, 
which we set as four. As a result, the genotype matrix deter- 
mined the clonal membership of each variant, and each clone 
was linked to lesions according to the estimated clone fre-
quencies. An unrooted phylogenetic tree was drawn from 
the inferred clones based on the minimum evolution algo-
rithm. The Clomial and ape R packages were used. LUAD 
driver genes taken from Bailey et al. [13] were depicted in 
the trees. 

6. Pathway analysis/functional annotation  
The mutated genes were investigated further via pathway 

enrichment analysis using REACTOME (ver. 66, https:// 
reactome.org). The pathogenic status of mutations of driver 
genes were reviewed via the NCBI ClinVar (https://www.
ncbi.nlm.nih.gov/clinvar/, accessed on November 18, 2018). 

7. Mutational signature analysis   
Somatic mutational signatures were generated and com-

pared to the 30 known mutational signatures in the Cata-
logue of Somatic Mutations in Cancer database (http://can-
cer.sanger.ac.uk/cosmic/signatures) using deconstructSigs 
R package. It quantified the linear combination of well-anno-
tated Catalogue of Somatic Mutations in Cancer (COSMIC) 
signatures from a single sample input. SNVs were annotated 
with one of 96 trinucleotide-context substitutions, and the 
prevalent mutation signatures were illustrated as lego plots. 

8. Somatic allelic imbalance 
Mutational abundance between the genome and the tran-

scriptome was generally consistent, showing that the mutat-
ed allele was expressed according to its mutational frequen-
cy in the genome. By contrast, somatic allelic imbalance is a  
deviation of a consistent expression of somatic alleles, and 
several studies reported that preferentially allelic selections 
may be associated with the functionality of cancer genomes 
[14]. We first included genes with a minimum RNA read 
depth of 20 and fitted a regression model between RNA VAF 
versus WES VAF. We then defined somatic allelic imbalance 
using a data-driven binomial model. For each SNV found in 
WES, unlikely observation of the read number of RNA was 
calculated given the WES VAF as the expected probability of 
binomial distribution. Either SOM-L or SOM-E was defined if 
the adjusted p-value of Hochberg method is < 0.05. The pro-
tein-protein interaction graph was drawn using Cytoscape 
(ver. 3.7.0) with a STRING database (ver. 10.5) plugin.

9. Ethical statement  
This study was approved by the Institutional Review 

Board of Seoul National University Bundang Hospital and 
all the patients provided written informed consent (IRB No. 
B-1607/355-301), and all methods were performed in accord-
ance with the relevant guidelines and regulations.

Results

1. Mutational landscape of synchronous LUAD
Initially, 26 samples from three patients were prepared for 

WES. Of these, four AAH samples that did not pass the qual-
ity control and three non-tumorous normal samples were 
excluded in the analysis. In total, 19 samples (5 AAH, 3 AIS, 
4 MIA, 4 ADC, and 3 matched lymph node controls) were  
included. WES was conducted with an on-target average 
depth of 217× (range, 185 to 268) per sample. We found an 
average of 205 exonic mutations (range, 45 to 682) per sam-
ple, and 63% (range, 51% to 70%) of these were nonsyn-
onymous somatic mutations (S2 and S3 Figs.). On average, 
we identified 251 mutations in smokers (P1 and P8) and 66  
mutations in a nonsmoker (P5), consistent with previous 
studies showing that smoking contributed to higher muta-
tional burden [15]. There was no increasing pattern in tumor 
mutational burden across sequential lesions (75, 341, 196, 
and 275 variants in AAH, AIS, MIA, and ADC, respectively), 
but the VAF tended to increase from preinvasive to invasive 
lesions (6.1%, 9.7%, 9.2%, and 15.2%) (S4 Fig.). A total of 
2,198 genes were affected in all patients, and 172 genes were  
mutated in more than one patient. Mutations were largely 
private (82%), that is, mutations were observed in a sin-
gle sample. Among the driver genes in LUAD, EGFR had  
mutated across two patients (P1 and P5). Moreover, other 
frequently mutated genes in LUAD had recurrently mutat-
ed within one patient (TP53 for P1 and KRAS and BRAF for 
P8) (Table 1). Our data also showed that mutations in KRAS 
and EGFR genes are mutually exclusive [16], while TP53 and 
EGFR genes are commutated [17]. However, we observed 
concomitant KRAS and BRAF mutations, which were in con-
trast to previous studies [8,18]. On average, 62%, 61%, and 
65% of the mutations were annotated as passenger mutations 
in P1, P5, and P8, respectively. Similarly, the proportion of 
passenger mutations or not protein-affecting mutations were 
92%, 89%, and 94%, respectively, which implies that most of 
mutations in smokers were non-driver mutations. 

2. Interlesional heterogeneity
To characterize interlesional heterogeneity, multiregional 

VAF distributions were mapped (Fig. 1). We found some 
shared mutations that existed in multiple samples, includ-
ing EGFR mutation (encoding p.L858R) in P5 with increasing 
mutational abundance throughout the sequential histologi-
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cal continuum. MUC4 in P1 (p.P1952S) and P8 (p.N2437D), 
and HLA-DQB2 in P8 (p.G250S and p.R247H) also showed 
increase VAF in advanced lesions (Table 1). However, the 
multiregional heatmaps in the overall population indicat-
ed few overlapping mutations (S5 Fig.). Indels of DNAH7, 
NDUFA10, and WDR88 recurrently occurred in more than 
one patient, and 129 detected indels were mutated within 
one patient. 

3. Intrapatient heterogeneity  
To explore intrapatient heterogeneity, a clone relationship 

was inferred by estimating the hidden clonal status using 
observed VAFs (Fig. 2). Associated driver genes were por-
trayed on the inferred clonal trees. In P1, one clone contain-
ing TP53 mutation (c.240_240delinsT-) was detected in AIS, 
and an EGFR mutation (p.G719D) was detected in ADC. 
Another clone in P1 lacked TP53 (p.Q60X) in ADC. In P5, 

Fig. 1.  Multiregional variant allele frequency. Blue and red colours denote the heatmap of variant allele frequency (VAF) of the genome 
and the transcriptome, respectively. The upper panel shows the private mutations, while the lower panel shows gene mutations found in 
at least two patients. (A) Atypical adenomatous hyperplasia (AAH). (Continued to the next page)
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Fig. 1.  (Continued from the previous page) (B) Adenocarcinoma in situ (AIS). (Continued to the next page)
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EGFR mutation (p.L858R) appeared pre-dominant at the 
root, and other clones were divergent from each other. Only 
one clone included NF1 mutation (p.N1388K) in AAH. In P8, 
however, multiple clones simultaneously had pathogenic or 
likely pathogenic mutations. One clone had KRAS mutation 

(p.G12V) coupled with BRAF mutation (p.G464R) in MIA, 
and another clone had KRAS (p.G13C) and BRAF (p.G466V) 
in ADC. 

CNAs were recurrently observed in 1p13.3, 3q13.33, 4q13.2, 
5q35.1, 5q35.3, 8q23.1, 10q21.3, 11p15.5, 14q11.2, 14q13.2, 16p-

Fig. 1.  (Continued from the previous page) (Continued to the next page)
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13.3, 19q13.42, 20p13, and 22q11.23 (S6 Fig.). 

4. Mutation signature analysis
We observed that C:G>A:T transitions were more domi-

nant types in smokers (41% in P1, 51% in P8) than in non-
smokers (30% in P5). Meanwhile, C:G>T:A transitions were 
more frequent in nonsmokers (38% in P5, 32% in P1, and 27% 
in P8) [15]. We then further performed the mutation base-

substitution signatures (Fig. 3, S7 Fig.) [19]. Overall, signa-
tures associated with smoking (signature 4 [smoking] and 
29 [tobacco] chewing]) and aging (signature 1) were highly 
enriched. Signature 1, composed of C:G>T:A single-base sub-
stitutions at CpG sites, was frequently observed in all can-
cer types. Signatures 4 and 29 were characterized mainly by 
C:G>A:T mutations with transcriptional strand bias. P1 was 
a 20 pack-year male current smoker who showed smoking-

Fig. 1.  (Continued from the previous page) (C) Minimally invasive adenocarcinoma (MIA). (Continued to the next page)
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related signatures, whereas P5 was a never-smoker female 
and showed abnormalities in DNA maintenance across all 
lesions (signatures 6 and 15 [DNA mismatch repair (MMR)] 
and 3 and 20 [defective DNA repair]). P8, a previous smoker 
male patient with a 30 pack-year history, showed a combina-
tion of smoking-related and DNA MMR-related signatures. 
Exposure to ultraviolet light, which is a mutagenic agent, 
was common in the AAHs of P1 and P5. The TRACERx 
study reported a significant relationship between pack-years 
and smoking-related signature in late clonal mutations, 
consistent with the enrichment of signature 4 or 29 in our 
data [20]. Interestingly, differential signature patterns were 
observed in P1, where signature 4 was dominant in AAH1 
and signature 1 was common in AAH2 and AAH3. This sug-
gested that clonal compositions even in preneoplasia lesions 
could be different, which was also implied in the clonal sta-
tus analysis (Fig. 2).

5. RNA-seq for allele-specific expression  
A total of 14 RNA samples were used in this study. We  

determined allele-specific expression to compare RNA VAF 
and WES VAF. A linear regression model showed that RNA 
VAF was concordant with WES VAF (RNA VAF-1.1×WES 

VAF; Pearson correlation coefficient, 0.46) (S8 Fig.). Although 
we did not find similar findings that missense or silent vari-
ants in the genome implicated overexpression of certain 
alleles (S9 Fig.), somatic variant lost in the transcriptome 
(SOM-L) and somatic variant overexpressed in the tran-
scriptome (SOM-E) variants were discovered in P1, and pro-
tein interaction graphs within each lesion type in P1 were 
derived (S10 Fig.). In AIS, oncogene Yes-associated protein 
1 and enzyme ubiquitin-specific peptidase 9, X-linked were 
found, indicating that preinvasive lesion is related to loss of 
function in suppressed tumor growth related to the Hippo 
signaling pathway [21]. In MIA, genes related to mitochon-
drial outer member, including voltage-dependent anion 
channel 1 and inner mitochondrial membrane 22, were over-
expressed. In ADC, loss alleles of integrin alpha 1 (ITGA1) 
and Versican core protein precursor (VCAN) interacted with 
overexpressed allele of EGFR [22]. ITGA1 and EGFR are well-
documented prognostic markers, whereas VCAN enhances 
tumor recurrence [23]. 

In genes in which mutant allelic expression levels were 
maintained at least 4%, REACTOME analysis revealed that 
the biological processes of P1, P5, and P8 were regulation of 
TP53 expression (TP53), fibroblast growth factor receptor 2 

Fig. 1.  (Continued from the previous page) (Continued to the next page)
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Fig. 1.  (Continued from the previous page) (D) Adenocarcinoma (ADC). (Continued to the next page)

D

70 100

60

50

40

30

20

10

0 0

20

40

60

80

DNA
VAF (%)

RNA
VAF (%)1:1853771 CFAP74

13:46946579 KIAA0226L
1:222732082 TAF1A
12:80746083 OTOGL
12:80746082 OTOGL
X:1718109 AKAP17A
5:95729027 PCSK1
1:153751196 SLC27A3
10:91404584 PANK1
7:53103636 POM121L12
9:134351537 PRRC2B
11:65664318 FOSL1
18:56202387 ALPK2
8:6782373 DEFA6
11:92533122 FAT3
5:52211400 ITGA1
8:10469516 RP1L1
20:60791503 HRH3
19:55672051 DNAAF3
8:61778252 CHD7
5:140176585 PCDHA2
18:23724532 PSMA8
5:32087911 PDZD2
X:153662035 ATP6AP1
X:48840194 GRIPAP1
5:1201777 SLC6A19
11:55418785 OR4S2
X:110495667 CAPN6
17:7578275 TP53
5:82833101 VCAN
X:30269334 MAGEB1
16:4625659 C16orf96

P1

AA
H1

AA
H2

AA
H3

AI
S

M
IA

1
M

IA
2

AD
C1

AD
C2

18:60642763 PHLPP1
1:237796947 RYR2
14:105415760 AHNAK2
14:105415748 AHNAK2
19:9005698 MUC16
4:66356413 EPHA5
19:14266947 ADGRL1
14:105410627 AHNAK2
14:105415759 AHNAK2
15:35176818 AQR
17:7751162 KDM6B
X:154088714 F8
14:105413207 AHNAK2
12:42555473 YAF2
12:43769951 ADAMTS20
19:9070725 MUC16
18:60639886 PHLPP1
7:55241708 EGFR
17:76063999 TNRC6C
3:195512597 MUC4
3:89480352 EPHA3
14:51448790 TRIM9
19:9076906 MUC16
19:9048846 MUC16
1:237586537 RYR2
19:9085441 MUC16
19:9048873 MUC16
8:77617855 ZFHX4
17:39973454 FKBP10

AA
H2

AA
H3

AI
S

M
IA

1
M

IA
2

AD
C1

AD
C2

VOLUME 52 NUMBER 4 OCTOBER 2020     1129

Soyeon Ahn, Genetic Alterations in Preinvasive Lung Lesions



(FGFR2) mutant receptor activation, PI3K cascade (FGFR2), 
and RAS signaling downstream of NF1 loss-of-function vari-
ants and RAF activation (KRAS and BRAF), respectively (S11 
Table).  

 
Discussion

In this study, we identified the genomic alterations in the 
precursor lesions of LUAD and inferred clonal evolution in 
LUAD development through WES supplemented with tran-
scriptome analysis. Shared EGFR pathogenic mutation was 
observed across synchronous lesions, indicating that identi-
cal mutations occurred in the early tumorigenesis. Overall 
increase in VAF but not in tumor burden (mutation number) 
in invasive lesions indicated that accumulated mutation of 
certain driver genes is functionally important in cancer deve- 
lopment [24]. Furthermore, heterogeneous mutation pro-
files strongly implied that each lesion underwent largely 
independent genetic alteration events. Although mutation 
signature analyses beyond single-gene mutations helped 
in understanding the combinatory base change mechanism  

associated with smoking and aging, the individual pathway 
was evitable.

The receptor tyrosine kinase/RAS/RAF pathway was fre-
quently mutated and crucial in the development of LUAD 
[6]. Our results are consistent with those of previous studies 
on AAH showing the exclusive nature of EGFR mutation and 
KRAS mutations, and they were frequently observed in non-
smokers and smokers, respectively. EGFR is a receptor tyros-
ine kinase belonging to the ERBB family, and its mutations 
are more widespread in the Asian population and more com-
mon in women and nonsmokers. P5, a nonsmoker female 
Asian patient, harbored the most common pathogenic muta-
tions in EGFR (p.L858R) across all lesions, which exemplified 
the role of EGFR-L858R mutation in tumor invasiveness dur-
ing the early stage of lung cancer. Meanwhile, KRAS onco-
genes encoding guanosine-5’-triphosphate-binding proteins 
contribute to invasive lesions when supplementary genomic 
alternations occur. P8, a male current smoker patient with 
a 30 pack-year history, had KRAS mutation in preinvasive 
and invasive lesions and UTAF1 and BRAF mutations in  
invasive lesions. We can further postulate the interaction bet-
ween KRAS and human leukocyte antigen (HLA) genes in 

Fig. 1.  (Continued from the previous page) ADC-N, non-invasive portion of ADC. 
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this patient because HLA-DQB2 mutations were prevalent. 
The specific role of HLA-DQB2 in cancer genomics was not 
reported, but immunological function may be affected by 
mutant neoantigen peptides of hotspot mutations [25]. 

P1, a 20 pack-year previous smoking male patient, showed 

combination pathways related to chromatin remodeling 
(SETD2 and RBM10) and clinical prognosis (co-mutation of 
TP53 and EGFR) [26]. We found that recurrent mutations of 
tubulin tyrosine ligase-like protein 5 (TTLL5) appeared in pre-
invasive lesions among known co-mutated genes with SET 

Fig. 2.  Inferred clone status. For each patient, two variant allele frequency (VAF) and read-depth matrices [(no. of mutations)×(no.  
lesions)] were decomposed into a genotype matrix [(no. of mutations)×(no. of clones)] and a clone frequency matrix [(no. of clone)×(no.  
lesions)]. C1-C3 represents inferred clones. Clone frequencies (i.e., the proportion of a clone in each lesion) are shown in parenthesis. Col-
ours matched to the legions where the mutation occurred (orange, atypical adenomatous hyperplasia [AAH]; green, adenocarcinoma in 
situ [AIS]; blue, minimally invasive adenocarcinoma [MIA]; purple, adenocarcinoma [ADC]; red, all lesions). For example, C3 clone in P1 
occupied 3% of AAH2 and AAH3, 44% of ADC1, and 42% of ADC2.
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domain containing 2 (SETD2), a histone methyltransferase 
(S12 Table). SETD2 has been reported to be co-mutated with 
polybromo 1 (PBRM1), particularly in renal cell cancer [27] 
and in lung cancer [28]. Although WES did not show PBRM1 
mutation in this patient, a previous study using paired tar-
geted sequencing indicated that the patient harbored PBRM1 
mutation (p.K135X) in ADC1 with low frequency (S12 Table, 
S13 Fig.). We also noted enriched mutations in chromatic-
modifying genes (SMARCA4 [p.E1133E]) and RNA-splicing 
genes (RBM10 [c.2337_2337delins-G, and p.G780V]). These 
findings indicate that accumulated SETD2 tumor suppres-
sor mutations along with TTLL5 enzyme mutations in pre-
invasive lesions exacerbated methylation and chromatic 
remodeling dysfunction through SMARCA4, RBM10, and 
PBRM1 mutations [29] (S14 Table). The copy number anal-
ysis indicated that P1 had aberrant copy number status in  
invasive lesions (S15 Fig., S16 Table). In a large cohort of 100  
early stage lung cancer patients, DNA instability was found 
to possibly play a key role in cancer malignancy as it can 
have invasive capacity induced by environmental diversity 
and can thus be a predictor of clinical outcome [20]. 

The cancer evolution models are primarily divided into 
the neutral evolution (‘a big bang model’) [30] and the Dar-
winian evolution, depending on the differential clonal selec-
tion modes and rates [31]. Darwinian evolution selecting the 
fittest subclone was further divided into branched, linear, 
convergent, and parallel evolution. In our study, a linear 
evolutionary pattern can explain the EGFR-driven selective 

sweeps. Our data showed that genes related to epithelial cell 
proliferation and differentiation (MUC4) may be a part of the 
selective subclonal mechanism. We also conjectured that not 
only drive specific genomic changes, but also environmental 
factors contribute to clonal compositions. 

The study has limitations. First, because our samples were 
cross-sectionally obtained at a single time point, the lesions 
may not be in chronological orders. Second, the patient num-
ber was small. Third, our adjusted cut-off value of VAF was 
extremely lower compared to that in conventional next-gen-
eration sequencing studies, although variants with low VAF 
values are frequently observed in clinical cancer samples 
[32]. Meanwhile, the major strengths of this study include 
the series of multiple continuum lesions within a patient and 
the reproducibility of results through multiple sequencing 
platforms (WES, targeted, and RNA-seq). We also observed 
that the mutation signature patterns were consistent to those 
reported in large-scale studies of early lung cancer patients. 
Collectively, the variants repeatedly confirmed in our studies 
may have potential utility for studying neoplastic progres-
sion (S17 Table, S18 Fig.).

In summary, we performed a comprehensive analysis of 
somatic alterations across synchronous lesion mutations and 
identified the multiple evolutionary trajectories of LUAD 
rooted in preinvasive lesions toward advanced lesions. We 
observed few shared somatic mutations and cellular het-
erogeneity in lung cancer, which implied the independent 
tumorigenic event within certain genes. The intertumoral 

Fig. 3.  Mutation signature analysis. Somatic mutational signatures were generated and compared to the 30 known mutational signatures 
in the Catalogue of Somatic Mutations in Cancer (COSMIC) database. AAH, atypical adenomatous hyperplasia; AIS, adenocarcinoma in 
situ; MIA, minimally invasive adenocarcinoma; ADC, adenocarcinoma.
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and intratumoral heterogeneity of synchronous LUAD  
implies that multi-biomarker strategies might be necessary for  
appropriate treatment decisions. The distinct genetic origin 
implicates that individualized screening strategies are need-
ed. Our finding implied that genomic variant in EGFR, TP53, 
KRAS, and BRAF could occur early in the process of tumor 
evolution, and different pathways may involve between a 
smoker and a non-smoker. The multi-modality tests such as 
imaging with diagnostic test like cell free DNA testing may 
lead to identifying certain clonal expansions.
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Purpose
We evaluated the efficacy and safety of avelumab, an anti–PD-L1 antibody, in patients 
with metastatic or unresectable colorectal cancer (mCRC) with mismatch repair deficiency 
(dMMR)/microsatellite instability-high (MSI-H) or POLE mutations. 

Materials and Methods
In this prospective, open-label, multicenter phase II study, 33 patients with mCRC harboring 
dMMR/MSI-H or POLE mutations after failure of ≥ 1st-line chemotherapy received ave-
lumab 10 mg/kg every 2 weeks. dMMR/MSI-H was confirmed with immunohistochemical 
staining (IHC) by loss of expression of MMR proteins or polymerase chain reaction (PCR) for 
micro-satellite sequences. POLE mutation was confirmed by next-generation sequencing 
(NGS). The primary endpoint was the objective response rate (ORR) by Response Evalua-
tion Criteria in Solid Tumors ver. 1.1.     

Results
The median age was 60 years, and 78.8% were male. Thirty patients were dMMR/MSI-
H and three had POLE mutations. The ORR was 24.2%, and all of the responders were 
dMMR/MSI-H. For 21 patients with MSI-H by PCR or NGS, the ORR was 28.6%. At a median 
follow-up duration of 16.3 months, median progression-free survival and overall survival 
were 3.9 and 13.2 months in all patients, and 8.1 months and not reached, respective-
ly, in patients with MSI-H by PCR or NGS. Dose interruption and discontinuation due to 
treatment-related adverse events occurred in four and two patients, respectively, with no 
treatment-related deaths.
Conclusion
Avelumab displayed antitumor activity with manageable toxicity in patients with previously 
treated mCRC harboring dMMR/MSI-H. Diagnosis of dMMR/MSI-H with PCR or NGS could 
be complementary to IHC to select patients who would benefit from immunotherapy.

Key words
Colorectal neoplasms, Mismatch repair deficiency, Microsatellite instability, 
POLE mutation, Avelumab
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Introduction

Colorectal cancer (CRC) is one of the leading causes of 
cancer-related death worldwide and the third most common 
cancer in Korea [1]. Standard palliative treatment for meta-
static or unresectable CRC (mCRC) is fluorouracil-based com-
bination chemotherapy (with oxaliplatin or irinotecan), with 
or without agents targeting angiogenesis (bevacizumab) or 
epidermal growth factor receptor (cetuximab). The available 
therapeutic options for later-line chemotherapy are limited; 

regorafenib and TAS-102 showed only a modest clinical ben-
efit in these patients. The objective response rate (ORR) with 
regorafenib and TAS-102 was approximately 1%, and median 
progression-free survival (PFS) was around 2 months for both 
treatments [2,3]. The long-term outcomes of mCRC are still 
poor [1], and novel therapeutic approaches are needed.

Growing evidence suggests that patients with mCRC har-
boring deficient mismatch repair protein (dMMR)/micro-
satellite instability–high (MSI-H) can obtain clinical benefit 
from immune checkpoint inhibitors (ICIs) [4-7]. Pembroli-
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zumab and nivolumab, which are anti–programmed death 
1 (anti–PD-1) inhibitors, improved ORR and PFS in selected 
patients with dMMR/MSI-H mCRC [4-7]. Failure to repair 
DNA replication-associated errors in dMMR/MSI-H mCRC 
is associated with high mutation loads, tumor neoantigen 
loads, and dense immune cell infiltration [8]. In fact, the 
whole-exome sequences revealed higher somatic mutation 
loads (1,782 mutations per tumor) in patients with dMMR/ 
MSI-H than in patients with proficient MMR (73 mutations 
per tumor) (p=0.007), and a greater density of CD8-positive 
lymphocytes and a higher expression of PD-ligand 1 (PD-L1) 
were observed in patients with dMMR/MSI-H than in pati-
ents with proficient MMR [4]. However, the clinical benefit 
of ICIs is confined to a small proportion of patients, because 
dMMR/MSI-H is identified in only about 5% in patients 
with mCRC [9]. This raises the need to expand the number of  
potential candidates for immunotherapy.

The POLE gene is located in 12q24.33 and encodes the 
proofreading (exonuclease) subunit of polymerase epsilon 
(POLE) with 2,286 amino acids [10]. This POLE mutation has 
been reported in approximately 3% of proficient MMR CRC 
and represents high somatic mutation loads [10]. According to 
the Cancer Genome Atlas, up to one-quarter of hypermutat-
ed CRC carry somatic mutations in POLE [10]. Because high 
mutation loads are considered a mechanism of the response 
of dMMR/MSI-H to ICIs, POLE-mutated cancer may also be 
susceptible to ICIs. However, to date, clinical data regarding 
the response to ICIs in POLE-mutated cancer are lacking. 

Treatment with avelumab, an anti–PD-L1 inhibitor, achie-
ved an ORR of 33% in patients with previously treated 
metastatic Merkel cell carcinoma and was approved for the 
treatment of metastatic Merkel cell carcinoma in early 2017 
[11]. Subsequently, avelumab has shown promising antitu-
mor activity in various solid tumors, such as genitourinary 
tract [12,13], gynecologic [14], and lung [15], but its activity in 
mCRC harboring dMMR/MSI-H has not been investigated. 
This study aimed to evaluate the efficacy and safety of ave-
lumab in patients with previously treated CRC with deficient 
MMR/MSI-H as well as those with POLE mutations.  

Materials and Methods

1. Study design and patients
This study is a prospective, open-label, multicenter phase 

II study conducted as a substudy of the K-MASTER project, 
a nationwide, government-funded precision medicine initia-
tive [16]. Eligible patients were aged ≥ 20 years and had his-
tologically or cytologically confirmed metastatic or unresec- 
table adenocarcinoma of the colon or rectum after failure 
of first-line or later chemotherapy, including fluoropyrimi-
dine, oxaliplatin, or irinotecan, with or without targeted 
agents (bevacizumab or cetuximab). Patients were enrolled if 

dMMR/ MSI-H was confirmed by either immunohistochem-
istry (IHC) or polymerase chain reaction (PCR) by local test 
at each site, or if POLE mutation was confirmed by next-gen-
eration sequencing (NGS) certified by the Ministry of Food 
and Drug Safety, Korea. MMR protein was determined to be 
deficient by loss of expression of one or more of the following 
on IHC: MLH1, MSH2, MSH6, and PMS2. MSI-H was diag-
nosed by PCR if two or more microsatellite markers (BAT-
25, BAT-26, D2S123, D5S346, and D17S250) were detected. 
POLE mutations included hotspots such as P286R and other 
sites. Eligible patients had at least one measurable disease, an 
Eastern Cooperative Oncology Group (ECOG) performance 
status of 0 or 1, and adequate organ function. Any prior treat-
ment with anti–PD-1 or PD-L1 inhibitors was not permitted, 
and prior immunosuppressive treatment or the last dose of 
chemotherapy should not be administered within 28 days 
before the first dose of study drug. Prior radiotherapy was 
permitted if it was not administered to the target lesions  
selected for this study. 

2. Treatment and evaluation 
Avelumab was administered at 10 mg/kg intravenously 

every 2 weeks until disease progression, unacceptable tox-
icity, or patient refusal occurred. Dose modification was not 
allowed, but dose delay was permitted at the investigator’s 
discretion in case of clinically significant events. Study treat-
ment was discontinued if there were more than 4 weeks of 
delay. Response assessment was performed by computed  
tomography (CT) scan according to Response Evaluation Cri-
teria in Solid Tumors (RECIST) ver. 1.1 every 6 weeks. After 
the end of treatment, patients were followed up for disease 
status and survival information every 3 months. The medi-
cal histories of all patients were obtained before treatment, 
including physical examination, complete blood count with 
differential count, serum chemistry, electrolytes, coagulation, 
carcinoembryonic antigen, thyroid function test (thyroid-
stimulating hormone and free thyroxine), urinalysis, electro-
cardiogram, chest X-ray, CT scan, and other scans if clinically 
indicated. Adverse events were assessed every cycle accord-
ing to the National Cancer Institute Common Terminology 
Criteria for Adverse Events (NCI-CTCAE), version 4.0. 

3. Statistical analysis 
The sample size was calculated using the Simon two-stage 

optimal design. The target response rate was set to 30%, 
and a rate of 10% or below was considered failure, allow-
ing early termination of any ineffective treatment early in 
the study. With a one-sided type I error of 5% and a power 
of 0.8, the planned study was to proceed in two steps. If a  
tumor response occurred in at least two patients after the 
first 10 patients were listed, the study proceeded to the sec-
ond stage with 19 additional patients. A total of 29 patients 
were requi-red, and enrollment of 33 patients was planned, 
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given a dropout rate of 10%.
The primary endpoint was the ORR by RECIST ver. 1.1; 

the secondary endpoints included the disease control rate 
(DCR), PFS, overall survival (OS), and adverse events. DCR 

was defined as the proportion of patients with complete res-
ponse (CR), partial response (PR), or stable disease (SD) sus-
tained for ≥ 6 weeks. PFS was calculated from the first date of 
avelumab administration to the date of disease progression 
or death from any cause. OS was calculated from the first 
date of avelumab administration to the date of death from 
any cause. Survival rates were estimated using the Kaplan-
Meier method. A two-sided p-value < 0.05 was considered 
to indicate statistical significance, and all statistical analyses 
were performed using IBM SPSS Statistics for Windows ver. 
21.0 (IBM Corp., Armonk, NY).

4. Ethical statement
All procedures followed were in accordance with the ethi-

Table 1.  Baseline characteristics of the study patients 

Characteristic No. (%)

Age, median (range, yr) 60 (25-88)
Sex  
    Male 26 (78.8)
    Female 7 (21.2)
ECOG performance status 
    0 10 (30.3)
    1 23 (69.7)
Primary tumor 
    Right-sided colon 22 (66.7)
    Left-sided colon 5 (15.2)
    Rectum 6 (18.2)
Histology 
    Well differentiated 6 (18.2)
    Moderately differentiated 19 (57.6)
    Poorly differentiated 5 (15.2)
    Not assessable  3 (9.1)
RAS status 
    Wild 11 (33.3)
    Mutant 20 (60.6)
    Not done 2 (6.1)
BRAF status 
    Wild  22 (66.7)
    Mutant  4 (12.1)
    Not done 7 (21.2)
Sites of metastasis 
    Liver 15 (45.5)
    Lung 11 (33.3)
    Lymph node, abdomen 20 (60.6)
    Peritoneum/Omentum 9 (27.3)
    Bone 2 (6.1)
Family history of cancer in  7 (21.2)
  any first-degree relative
Previous chemotherapy regimen 
    FOLFOX 24 (72.7)
    FOLFIRI 15 (45.5)
    XELOX 4 (12.1)
    Capecitabine  10 (30.3)
    Others 2 (6.1)
Previous targeted treatment 
    Bevacizuamb  25 (75.8)
    Cetuximab  2 (6.1)
Prior radiotherapy 7 (21.2)
Prior surgery 
    Primary site resection  31 (93.9)
    Metastasectomy  9 (27.3)
(Continued)

Table 1.  Continued

Characteristic No. (%)

Prior lines of therapy
    1 16 (48.5)
    2 11 (33.3)
    ≥ 3 6 (18.2)
ECOG, Eastern Cooperative Oncology Group; FOLFOX, 5-fluo-
rouracil, leucovorin, and oxaliplatin; FOLFIRI, 5-fluorouracil, 
leucovorin, and irinotecan; XELOX, capecitabine and oxalipl-
atin. 

Fig. 1.  Status of mismatch repair by immunohistochemistry 
(IHC) or microsatellite instability (MSI) by polymerase chain 
reaction (PCR) and POLE mutation. dMMR, mismatch repair 
deficiency; MSI-H, MSI-high; MSS, microsatellite stable; NGS, 
next-generation sequencing; p-MMR, proficient-microsatellite 
instability. a)Six of nine were MSS by PCR or NGS, b)One of eight 
was p-MMR by IHC, c)p-MMR by IHC.

POLE mutation
(n=3)

P286C (n=1)
Other sites (n=2)

dMMR by IHC
(n=9a))

n=4 n=2

n=1c)

n=6

MSI-H by PCR
(n=8b))

Hypermuted
phenotype by

NGS

dMMR/MSI-H
(n=30)

Total (n=33)
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cal standards of the responsible committee on human experi-
mentation (institutional and national) and the Helsinki Dec-
laration of 1964 and later versions. The study protocol was 
approved by the institutional review board of each partici-
pating center and the Korean Cancer Study Group (KCSG; 
protocol No. KCSG-CO-17-07). This trial was registered on 
http://www.clinicaltrials. gov with the identifier NCT0315-
0706. Informed consent or a substitute was obtained from all 
patients before inclusion in the study.

Results

1. Patient characteristics
Between May 2017 and April 2019, a total of 34 patients 

were initially enrolled at seven clinical sites in South Korea; 
one patient failed the screening tests, and thus, 33 patients 
with histologically or cytologically confirmed, previously 
treated, metastatic or unresectable CRC were enrolled in the 
final analysis. Table 1 summarizes the baseline characteristics 
of the 33 study patients. The median age was 60 years (range, 
25 to 88), and 78.8% were male. Two-thirds of the patients 
(n=22, 66.7%) had right-sided colon cancer, and 20 patients 
(60.6%) had RAS mutation. Seven patients had a family his-

Fig. 2.  Antitumor activity of avelumab in patients with metastatic or unresectable colorectal cancer harboring deficient mismatch repair 
(dMMR)/microsatellite instability-high (MSI-H) or POLE mutations. (A) Treatment duration of avelumab for all patients. (B) Best change 
from baseline in target lesion size after avelumab. CR, complete response; IHC, immunohistochemistry; NGS, next-generation sequenc-
ing; PCR, polymerase chain reaction; PD, progressive disease; p-MMR, proficient-microsatellite instability; PR, partial response; SD, stable 
disease. 
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tory of cancer in a first-degree relative. 

2. Deficient MMR or MSI high and POLE mutation
Among the 33 patients, 30 patients had dMMR/MSI-H 

CRC, and three patients had POLE-mutated CRC. POLE   
mutation was identified at the P286C, R559W, and G1086S 
sites. NGS revealed hypermutated phenotype CRC in only 
one patient with a P286C mutation, but the other sites (R559W 
and G1086S) were not associated with high tumor mutation 
burden (TMB) in each different NGS panel (S1 Table).

Among 30 patients with dMMR/MSI-H, IHC, and PCR 
were performed both in 23 patients, respectively. Both tests at 
the same time were performed in 16 patients, among whom 

10 (62.5%) showed concordance between IHC and PCR. 
NGS, which was not mandatory for detecting dMMR/ MSI-
H, was performed in 12 patients with dMMR/MSI-H.

The distribution of patients according to different detec-
tion methods is shown in Fig. 1. Twenty-one patients were 
diagnosed with dMMR by IHC, and 19 were diagnosed 
with MSI-H by PCR. Discordance between the IHC and PCR  
results was found as follows: six of nine patients with dMMR 
by IHC only showed microsatellite stable (MSS) CRC by PCR 
or NGS, and one of eight patients with MSI-H by PCR only 
showed proficient MMR by IHC. One patient who was diag-
nosed as MSI-H by PCR and NGS was diagnosed as profi-
cient MMR by IHC. 

Table 2.  Clinical response to avelumab monotherapy

Response
                                                 All patients (n=33)                              MSI high by PCR or NGS (n=21)

 No. (%) 95% CI (%) No. (%) 95% CI (%)

Complete response 4 (12.1) 0.97-23.2 3 (14.3) 0-29.3 
Partial response 4 (12.1)  0.97-23.2 3 (14.3) 0-29.3
Stable disease 18 (54.5)  37.5-71.5 13 (61.9)    41.1-82.7
Progressive disease 6 (18.2)  5.0-31.4 2 (9.5)  0-22.0
Not assessablea) 1 (3.0)  0-8.8 0 ( -
Objective response rate 8 (24.2) 9.4-38.6 6 (28.6)   9.3-47.9
Disease control rate 26 (78.8)  64.9-92.7 19 (90.5)   77.9-103
MSI, microsatellite instability; PCR, polymerase chain reaction; NGS, next-generation sequencing. a)Lost to follow-up (n=1).

Fig. 3.  Representative images of two patients who achieved partial response during avelumab monotherapy. (A) Endoscopic images of a 
44-year-old man with initially metastatic T-colon cancer harboring microsatellite instability-high (MSI-H) by both immunohistochemistry 
(IHC) and next-generation sequencing. (B) Computed tomography scans of 75-year-old man with recurrent rectal cancer harboring MSI-H 
by IHC. 

A

B
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3. Clinical response to avelumab  
Avelumab was discontinued mainly due to disease pro-

gression (n=22, 66.7%), followed by loss to follow-up (n=1, 
0.03%); the remaining 10 patients were treated with ongo-
ing avelumab (Fig. 2A). The median time to response was 
4.2 months, and the median duration of response was 13.9 
months (Fig. 2A). Among the 33 patients, four (12.1%) had 
CR, four (12.1%) had PR, 18 (54.5%) had SD, 6 (18.2%) had 
progressive disease (PD), and one (3.0%) was not assess-
able (Table 2). The ORR and DCR were 24.2% and 78.8%,  
respectively. Of 21 patients with MSI-H by PCR or NGS, three 
(14.3%) had CR, three (14.3%) had PR, 13 (61.9%) had SD, 
and two (9.5%) had PD (Table 2). The ORR and DCR were 
28.6% and 90.5%, respectively. All responders had dMMR/
MSI-H CRC, and no patients with a POLE mutation achieved 
response. 

The best percentage changes from baseline in target lesion 
size are shown in Fig. 2B. Six of eight patients with CR or PR 
showed MSI-H by PCR or NGS. Among six patients with PD, 
two patients with POLE mutations (G1086S and P286C) had 
PD based on unequivocal progression of nontarget lesions, 
and all three patients with POLE mutations had PD without 

any tumor shrinkage. One patient with proficient MMR by 
IHC only but MSI-H by PCR achieved PR. Representative 
images of two responders are shown in Fig. 3.

Given the discrepancies between IHC and PCR results and 
the need to investigate their association with the response 
to avelumab, IHC results were separately reviewed in avail-
able eight of nine patients with dMMR by IHC only at each 
clinical site. dMMR was revised to proficient MMR by IHC in 
five patients, who also showed MSS by PCR or NGS. Four of 
them did not achieved response; however, the other patient 
achieved CR despite proficient MMR revised after review of 
the IHC result and MSS by PCR.

4. PFS and OS 
With a median follow-up duration of 16.3 months (95% 

confidence interval [CI], 5.6 to 27.1 months), median PFS was 
3.9 months (95% CI, 2.3 to 5.6 months) in all patients and 8.1 
months (95% CI, 1.1 to 15.1 months) in patients with MSI-H 
by PCR or NGS (Fig. 4A and B). Median OS was 13.2 months 
(95% CI, 7.9 to 18.4 months) in all patients and not reached in 
patients with MSI-H by PCR or NGS (Fig. 4C and D). Over-
all, the 12-month PFS and OS rates were 36.4% and 66.7%, 

Fig. 4.  Median progression-free survival (PFS) (A, B) and overall survival (OS) (C, D) in all patients (A, C) and patients with microsatellite 
instability high (MSI-H) (B, D) by polymerase chain reaction (PCR) or next-generation sequencing (NGS). CI, confidence interval.
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respectively, and 47.6% and 76.2%, respectively, in patients 
with MSI-H by PCR or NGS.

5. Treatment-related adverse events  
Treatment-related adverse events (TRAEs) with avelumab 

are shown in Table 3. TRAEs of any grade were observed in 
24 patients (72.7%). Common TRAEs of any grade included 
myalgia (n=6, 18.2%), chills (n=5, 15.2%), infusion-related 
reaction (n=5, 15.2%), pruritus (n=5, 15.2%), thyroid dys-
function (n=4, 12.1%), and skin rash (n=4, 12.1%). Grade 3 
or 4 TRAEs occurred in six patients (18.2%). Dose interrup-
tion due to TRAEs occurred in four patients (12.1%): grade 
3 hyperglycemia (n=1), grade 3 lipase increase (n=1), grade 
2 aspartate aminotransferase increase (n=1), and grade 2  
fever (n=1). There were two discontinuations of treatment 
due to treatment-related grade 3 hyperbilirubinemia (n=1) 
and probable treatment-related grade 4 tumor bleeding (n=1) 
after response to avelumab as a serious adverse event. There 
were no deaths due to TRAE.  

 

Discussion

In this open-label, multicenter, phase II study, avelumab 
showed promising antitumor activity and manageable tox-

icity in patients with mCRC harboring dMMR/MSI-H or 
POLE mutation. The ORR and median PFS were 24.2% and 
3.9 months, respectively, and six of eight responders were 
continuing avelumab treatment with durable response at the 
end of the analysis. Of note, the ORR and median PFS were 
28.6% and 8.1 months, respectively, in patients with MSI-
H by PCR or NGS, which were thought to be more reliable 
methods of determining the MSI status than IHC. Although 
no patients with POLE mutations had response to avelumab, 
the limitations of small sample size and variation in muta-
tion sites need to be taken into account. TRAEs of any grade 
and TRAEs of grade 3 or 4 were observed in 72.7% and 18.2% 
of patients, respectively, which was consistent with previous 
studies [17]. There were two discontinuations of treatment, 
one because of a TRAE and the other because of a serious 
adverse event, probably related to treatment. There were no 
treatment-related deaths. 

The efficacy of avelumab (an anti–PD-L1 inhibitor) for 
mCRC with dMMR/MSI-H, specifically in patients with 
MSI-H by PCR or NGS, is comparable to that of pembro- 
lizumab and nivolumab (anti–PD-1 inhibitors) in this setting. 
In the KEYNOTE-016 trial, only patients with MSI-H CRC 
had the objective response to pembrolizumab (ORR 40%), 
whereas none of those with MSS CRC had the objective res- 
ponse [4]. A subsequent multicenter trial of pembrolizu-
mab for dMMR/MSI-H CRC, the KEYNOTE-164 phase II 
study, resulted in an ORR of 33% and a median PFS of 4.1 
months; the 12-month PFS and OS rates were 34% to 41% 
and 72% to 76%, respectively, according to prior line of treat-
ment [6,7]. Nivolumab also showed promising antitumor 
activity in terms of ORR (31.1%) in dMMR/MSI-H CRC, 
and the 12-month PFS and OS rates were 50% and 73%,  
respectively [5]. All these favorable results in dMMR/MSI-H 
CRC contrast sharply with those of later-line conventional 
chemotherapy for overall mCRC with treatments such as  
regorafenib or TAS-102, which resulted in ORR of only 1% 
and median PFS of around 2 months [2,3]. 

Several phase I results from the JAVELIN Solid Tumor Tri-
als have shown promising ORRs and disease stabilization 
with avelumab in various types of advanced tumors. Specifi-
cally, among 53 patients with metastatic or locally advanced 
previously treated solid tumors, four (8%) achieved respon-
ses and 30 (57%) had SD [18]. The ORR with avelumab 
ranged from 6.7% to 18.2%, depending on tumor type such 
as metastatic or unresectable previously treated renal cell 
carcinoma [12], urothelial carcinoma [13], non-small cell lung 
cancer [15], and ovarian cancer [14]. In a phase II study of 
88 patients with chemotherapy-refractory metastatic Merkel 
cell carcinoma [11], the ORR with avelumab was 33%, includ-
ing a CR rate of 11.4%. To date, avelumab has been approved 
for treatment of previously treated metastatic Merkel cell 
carcinoma, urothelial carcinoma, and renal cell carcinoma in 
combination with axitinib. Several explorations to expand 

Table 3.  Treatment-related adverse events 

Event
                             All patients (n=33, 100%)

 Any grade Grade ≥ 3

Any TRAE 24 (72.7) 6 (18.2)
Myalgia  6 (18.2) 0 (
Chills  5 (15.2) 0 (
Infusion-related reaction  5 (15.2) 0 (
Pruritus   5 (15.2) 0 (
Thyroid dysfunction  4 (12.1) 0 (
Skin rash  4 (12.1) 0 (
Diarrhea 3 (9.1) 2 (6.1)
Fever 3 (9.1) 0 (
Increased AST or ALT  3 (9.1) 0 (
Hypomagnesemia 3 (9.1) 0 (
Fatigue 2 (6.1) 0 (
Anorexia  2 (6.1) 0 (
Hyperglycemia 2 (6.1) 1 (3.0)
Increased amylase or lipase  1 (3.0) 2 (6.1)
Nausea 1 (3.0) 0 (
Sweating 1 (3.0) 0 (
Dry skin  1 (3.0) 0 (
Anemia 1 (3.0) 0 (
Hyperbilirubinemia  0 (0.0) 1 (3.0)
Values are presented as number (%). TRAE, treatment-related 
adverse event; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase. 
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its use in various clinical settings are ongoing. The present 
study adds to the evidence of clinical activity of avelumab by 
showing durable objective responses in mCRC with dMMR/
MSI-H.

dMMR/MSI-H is an established biomarker for the effi-
cacy of ICIs in mCRC, and its predictive value has also been 
confirmed in other various tumors. MSI-H metastatic gastric 
cancer (mGC) had a higher ORR with pembrolizumab than 
did MSS mGC (57% vs. 9%) in the KEYNOTE-059 study [19]. 
Recently, the clinical benefit of pembrolizumab was demon-
strated among patients with dMMR/MSI-H non-CRC, inclu-
ding endometrial cancer, gastric cancer, cholangiocarcinoma, 
and pancreatic cancer in terms of ORR (34.3%) and median 
PFS (4.1 months) [20]. Although the exact mechanism is  
unknown, there are several proposed explanations for T-cell 
checkpoint blockade [21]. Since dMMR/MSI-H results in  
diverse neoantigens, T-cell epitopes that are newly formed 
as a consequence of tumor-specific mutations, which can 
increase neoantigen-driven T-cell response. Another possi-
ble explanation is that dMMR/MSI-H is associated with the 
activation of signaling pathways through altered cytokines 
or chemokines, resulting in the tumor microenvironment  
becoming more inflamed. Cellular stress induced by dMMR/ 
MSI-H promotes innate immune cells, such as T cells and 
natural killer cells, or tumor recognition.

However, not all patients with mCRC harboring dMMR/ 
MSI-H respond to ICIs, and the TMB varies even within 
dMMR/MSI-H mCRC. The updated analysis from the ini-
tial single-center study showed an ORR of 50% [4], but sub-
sequent multicenter phase II trials revealed ORR of around 
30% [5-7]. In the present study, the ORR was 28.6% in pati-
ents with MSI-H by PCR or NGS. Approximately 37 to 41 
mutations per megabase may be a cutoff value, and low TMB 
was significantly associated with poor response to ICIs and 
worse PFS within the dMMR/MSI-H population, which may 
be an explanation for the heterogeneity in response in recent 
clinical trials of dMMR/MSI-H CRC [22]. Moreover, substan-
tial genomic variation is observed within dMMR/MSI-H  
tumors. In particular, the genome-wide intensity of MSI and 
the accumulation of insertion–deletion mutational loads are 
responsible for a wide diversity of clinical benefits with ICIs 
[23], and the activated WNT/β-catenin signaling pathway 
is associated with immune escape, despite a high TMB and 
high numbers of tumor-infiltrating lymphocytes [24].

In fact, a considerable portion of the primary resistance 
of mCRC treated with ICIs may be due to misdiagnosis of 
dMMR/MSI-H. One study showed that three of five patients 
(60%) who had PD at the first evaluation were reassessed as 
MSS by central review with PCR, contrary to the diagnosis 
of dMMR/MSI-H by local assessment [25]. In the Check-
Mate-142 study, there were discrepancies between local and 
central assessments in 14 of 74 patients (19%) [5]. Most of the 
patients with assessments (10/14) were initially determined 

as dMMR by IHC at the local laboratory, but central review 
with PCR reclassified them as MSS [5]. In this study, there 
were some discrepancies between IHC and PCR results, 
and six of nine patients with dMMR by IHC only showed 
MSS by PCR or NGS, leading to different ORRs depend-
ing on how dMMR/MSI-H CRC was defined. After review 
of the available IHC results in eight of these patients, five  
patients were revised to proficient MMR, while their PCR or 
NGS showed all MSS. The reliability and reproducibility of 
IHC results have always been a concern, because IHC results 
are largely affected by intra- and interobserver variation and 
tissue preservation status [26], and local assessment with-
out central review contributed to these results. Likewise, in 
the recent phase II study with a similar design, differences 
in ORRs with avelumab in patients with previously treated  
endometrial cancer were observed between dMMR deter-
mined by IHC only and MSI-H determined by NGS (26.7% 
vs. 30%) [27]. dMMR/MSI-H could be misdiagnosed if IHC 
results are not supported by PCR or NGS, so the IHC test 
alone should be carefully interpreted by experienced pathol-
ogists. Further, IHC tests on tumor samples achieved after 
chemoradiotherapy, old samples, or poorly preserved sam-
ples are associated with a high risk of unreliable results. 

POLE-mutated CRC has been characterized by young age, 
male predominance, right-sided CRC, earlier stage of dis-
ease, and excellent prognosis [10]. POLE has a crucial role in 
chromosomal DNA replication by its proofreading capacity 
and is known to be mutually exclusive with dMMR/MSI-
H [10]. Because of high immunogenicity and enrichment 
of mutation-associated neoantigens, POLE-mutated cancer 
has been considered a candidate for treatment with ICIs. 
However, there are limited data, and there is only one case  
report [28] of a patient with mCRC harboring a POLE muta-
tion (V411L) and MSS. This patient had a response after three 
cycles of pembrolizumab, and CD8 infiltrating lymphocytes 
with PD-1 expression were observed in the primary colon  
tumor. All responders in previous reports had mutations 
at the P286R or V411L sites, which are considered hotspots 
of POLE mutation [10]. Unfortunately, three patients with 
POLE mutations did not respond to ICIs in the present study. 
One patient with a P286C mutation was associated with a 
hypermutation phenotype by NGS, but the other two (with 
R559W and G1086S mutations) did not show high TMB,  
although they were tested with different panels (S1 Table), 
and the identified sites of POLE mutation might not have 
been hotspots, which could have led to negative results. Fur-
ther clinical studies with larger sample sizes are necessary to 
evaluate the activity of ICIs and its association with sites in 
POLE-mutated CRC.

One of the responders initially showed dMMR by IHC and 
MSS by PCR at the time of enrollment. However, the IHC 
result was revised to proficient MMR in the post hoc review. 
Although NGS could not be performed due to an inadequate 
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amount of tumor tissue, leaving the POLE mutation status 
of this patient unknown, he achieved CR and has continued 
avelumab treatment for approximately 18 months (Fig. 3). 
In this regard, there may be unknown factors to explain the 
mechanism of response to ICIs other than MMR/MSI status 
or POLE mutation, such as PD-L1 or PD-L2 amplification 
[29,30], although we could not explore the cause of respon-
siveness in this patient due to the lack of adequate tumor 
tissue. 

This study has several limitations. The consistency of eli-
gibility and response evaluation could not be fully ensured, 
because central adjudication of the dMMR/MSI status of 
tumor tissue and central review of the radiologic response 
were not performed. Tumor samples were not collected pro-
spectively for research purposes, and therefore translational 
studies, such as investigation of TMB, tumor-infiltrating 
lymphocytes, PD-L1 expression, or transcriptome, have not 
yet been performed. Further post hoc studies are planned 
with available tissue samples to elucidate their association 
with the response to ICIs. 

In conclusion, avelumab is a promising anti–PD-L1 inhi-
bitor in patients with metastatic or unresectable CRC harbor-
ing dMMR/MSI-H or POLE mutations. For the determina-
tion of dMMR/MSI-H, the conventional IHC method alone 
appears to be insufficient to select patients who would bene-
fit from immunotherapy. Further studies to identify accurate 
strategies to select optimal candidates for immu-notherapy 
are needed.
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Purpose
Recently, the 8th edition staging system of the American Joint Committee on Cancer (AJCC) 
for hepatocellular carcinoma (HCC) was released, including a change in T category. We 
aimed to validate the new AJCC system.  

Materials and Methods
The predictive value of the new AJCC was validated in comparison to the previous edition, 
in a total 1,008 patients who underwent curative resection for HCC as initial treatment.  

Results
The 2-year area under the curve values for recurrence-free survival (RFS) and overall survival 
(OS) were comparable in the 7th and 8th editions. Stage migration was observed in 63 
patients (6.3%); from T2 to T1a for 44 patients and from T3 to T4 for 19 patients. The RFS 
and OS were not different between T1a and T1b in the 8th edition. For solitary tumors ≤ 
2 cm, those with microvascular invasion had lower RFS and OS values than those without 
although they were all classified as T1a in the 8th edition. Tumors involving a major branch 
of the portal or hepatic vein (T4 by the 8th edition and T3b by the 7th edition) had shorter 
RFS and OS than multifocal tumors, at least one of which was > 5 cm (T3 by the 8th edition 
and T3a by the 7th edition). 

Conclusion
The AJCC 8th edition staging system for HCC showed comparable predictive performance 
to the 7th edition. It is desirable in a future revision to consider sub-stratification of solitary 
tumors ≤ 2 cm (T1a) depending on the presence of vascular invasion, which is not included 
in the 8th edition.   

Key words
Hepatocellular carcinoma, Stage, Prognosis, Microvascular invasion
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Introduction

Hepatocellular carcinoma (HCC) comprises 75%-85% 
of primary liver cancer, which is the sixth most commonly  
diagnosed cancer and the fourth leading cause of cancer 
death worldwide [1].

Although hepatic resection is the treatment of choice in 
HCC, it is not curative because of the high recurrence rate of 
up to 70% [2]. Therefore, prediction of recurrence and appro- 
priate treatment are important for improved patient out-
comes [3].

Among multiple staging systems proposed for stratifying 
patients with HCC, the American Joint Committee on Cancer 
(AJCC) staging system for HCC is one of the most commonly 
used, and the 7th edition of the AJCC system has been vali-

dated by various external studies in terms of usefulness and 
clinical relevance [4-6].

As of January 1, 2018, AJCC 8th edition staging has been 
used for cancer staging, and there were some notable chang-
es in the T category of HCC compared to the previous ver-
sion [7,8]. First, solitary tumors with size up to 2 cm are now 
staged as T1a regardless of the presence of microvascular  
invasion, unlike in the previous 7th edition, where the pres-
ence of microvascular invasion determined whether the  
tumor is T1 or T2 based on size 2 cm or less. Second, catego-
ries named T3b and T4 in the 7th edition are merged into a 
single T4 category in the new edition and T3a of the 7th edi-
tion is renamed as T3 in the 8th edition.

In this study, we validated the predictive value of the new 
AJCC 8th staging system in comparison to the previous 7th 
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edition in a single-institution study population of 1,008 cases. 
We also attempted to determine how the change in T catego-
ry predicts prognosis in this population. 

Materials and Methods

1. Study patients
Between January 2008 and December 2012, a total of 1,297 

patients underwent hepatic resection for HCC at Samsung 
Medical Center. Initially, 166 liver transplantation (LT) cas-
es were excluded from the study; among the 1,131 non-LT  
cases, 89 were excluded because they were treated with other 
modalities before surgery. Other treatment modalities inclu- 
ded transarterial chemoembolization, radiofrequency abla-
tion (RFA) and chemotherapy. Two patients were addition-
ally excluded due to previous operative history and intra-
operative RFA, respectively. Among the remaining 1,040 
patients who underwent hepatic resection as the initial cur- 
ative treatment for HCC, an additional 32 patients were 
excluded as follows: five patients died within 30 days after 

hepatic resection, three patients showed positive resection 
margins on pathologic examination, and 24 patients had 
lymph node metastasis or distant metastasis. Finally, 1,008 
cases that were appropriate for tumor staging for HCC were 
considered in retrospective analysis. The process of case  
selection is summarized in Fig. 1. 

2. Clinicopathologic data acquisition and tumor staging
The medical records of patients meeting all inclusion cri-

teria were reviewed for demographic information of sex, age, 
and clinically underlying etiology of chronic liver disease, if 
present. The histopathologic features of HCC are collected 
by reviewing the pathology reports as follow: tumor number, 
maximal tumor size, differentiation, microvascular invasion, 
and major branch of portal vein invasion, and the T category 
was determined using the 7th and 8th editions of the AJCC 
staging system [7,8]. Presence of chronic hepatitis and fibro-
sis stage in the background liver parenchyma was also eval-
uated. The histological differentiation of HCC was graded 
by the Edmondson and Steiner system, which classifies HCC 
into four grades from I to IV [9].

Cancer Res Treat. 2020;52(4):1145-1152

Fig. 1.  Summary of patient selection. HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization; RFA, radiofrequency abla-
tion.

Hepatic resection for HCC between
January 2008 and December 2012 (n=1,297)

Initial hepatic resection as
first-line treatment for HCC (n=1,040)

Initial hepatic resection as
first-line treatment (N0M0) (n=1,016)

Patients without postoperative
complication after hepatic resection (n=1,011)

Non-LT hepatectomy (n=1,131)

Final inclusion (n=1,008)

Liver transplantation (LT) (n=166)

Positive resection margin (n=3)

Previous treatment (TACE, RFA, 
chemotherapy, previous resection, 
intra-operative RFA) (n=91)

Death within 30 days 
after surgery (n=5)

Lymph node metastasis
and/or distant metastasis (n=24)
(N1 [n=20], N1 and M1 [n=1], M1 [n=3])
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3. Surveillance for tumor recurrence and survival
After surgical resection for HCC, the patients were regu-

larly monitored by dynamic contrast-enhanced computer 
tomography (CT) and/or magnetic resonance imaging (MRI) 
and a serum tumor marker such as α-fetoprotein every 3 to 
6 months. Diagnosis of recurrence was dependent on radio-
logic evaluation of CT and/or MRI results. Survival data 
such as overall survival (OS) and recurrence-free survival 
(RFS) were also recorded. The durations of RFS and OS were 
calculated from the date of surgical resection to the date of 
each event or the last day of follow-up, respectively.

4. Statistical analysis
RFS and OS were estimated using the Kaplan-Meier 

method and compared by log-rank test. SPSS Statistics ver. 
25.0 (IBM Inc., Armonk, NY) was utilized in this analysis. 
Analysis of the time-dependent receiver operating charac-
teristic (ROC) curves for censored survival data was used to 
compare the capability of the two models to predict tumor 
recurrence. This analysis was executed using SAS ver. 9.4 
(SAS Institute Inc., Cary, NC) and R 3.6.1 (Vienna, Austria; 
http://www.R-project.org/). All p-values lower than 0.05 
were considered statistically significant. 

5. Ethical statement
The Institutional Review Board of Samsung Medical Cent-

er approved this study and waived informed consent (IRB 
No. 2019-08-018). 

Results

1. Patients and characteristics
The median age of 1,008 patients was 56 years (range, 20 

to 83 years), 816 patients (81.0%) were male and 192 patients 
(19.0%) were female. The median follow-up period was 64.8 
months (standard deviation, 29.7 months; range, 0.7 to 112.5 
months). The characteristics of the 1,008 enrolled cases are 
summarized in Table 1.

2. Stage distribution and migration
When staged by the AJCC 7th edition, the distribution 

of T category was as follows: T1 (n=472, 46.8%), T2 (n=477, 

Table 1.  Summary of clinicopathologhic characteristics of the 
patients

Characteristic No. (%)

Sex 
    Male 816 (81.0)
    Female 192 (19.0) 
Age, median (range, yr) 56 (20-83)
Tumor numbers
    Solitary 876 (86.9)
    Multifocal 132 (13.1) 
Tumor size (cm)
    ≤ 2  224 (22.2)
    > 2 and ≤ 5 554 (55.0)
    > 5 230 (22.8) 
Edmondson grade
    I 63 (6.3)
    II 872 (86.5)
    III 68 (6.7)
    IV 5 (0.5) 
Microvascular invasion
    (–) 520 (51.6)
    (+) 488 (48.4) 
Major branch of portal vein invasion
    (–) 989 (98.1)
    (+) 19 (1.9)
7th AJCC T category
    T1 472 (46.8)
    T2 477 (47.3)
    T3a 35 (3.5)
    T3b 19 (1.9)
    T4 5 (0.5) 
8th AJCC T category
    T1a 201 (19.9)
    T1b 315 (31.3)
    T2 433 (43.0)
    T3 35 (3.5)
    T4 24 (2.4) 
Etiology
    HBV 812 (80.6)
    HCV 45 (4.5)
    HBV and HCV 4 (0.3)
    Alcohol 34 (3.4)
    Others 113 (11.2) 
Fibrosis stage
    No cirrhosis 564 (56.0)
    Cirrhosis 443 (44.0)
    Non-diagnostica) 1 (0.0)
Recurrence
    (–) 584 (57.9)
    (+) 424 (42.1)

(Continued)

Table 1.  Continued

Characteristic No. (%)

Death 
    (–) 792 (78.6)
    (+) 216 (21.4)

AJCC, American Joint Committee on Cancer; HBV, hepatitis B 
virus; HCV, hepatitis C virus. a)Evaluation of fibrosis was limited 
due to insufficient background not-tumor tissue in one case.
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47.3%), T3a (n=35, 3.5%), T3b (n=19, 1.9%), and T4 (n=5, 
0.5%). When the 8th edition was applied to our study popu-
lation, the distribution was as follows: T1a (n=201, 19.9%), 
T1b (n=315, 31.3%), T2 (n=433, 43.0%), T3 (n=35, 3.5%), and 
T4 (n=24, 2.4%) (Table 2).

Among 472 patients who were staged as T1 by the 7th edi-
tion, 157 were reclassified as T1a by the 8th edition, and 315 
were reclassified as T1b. Stage migration was also observed. 
Among the 477 patients that were staged as T2 by the 7th 
edition, 44 patients migrated to T1a when staged by the 8th 
edition. Additionally, among 54 patients that were previ-
ously staged as T3, 19 migrated to T4 when staged by the 8th 
edition. In total, the T categories of 63 patients (6.3% of 1,008 
patients) were scored differently by the 7th and 8th editions.

3. Prognostic effect of T category in the 7th and 8th editions
The 1-, 3-, and 5-year RFS rates were 74.7%, 55.6%, and 

37.9%, respectively, while those of OS were 93.3%, 79.4%, and 
58.1%. The survival curves according to the 7th and 8th edi-
tions are shown in Figs. 2 and 3. Overall, RFS and OS were 
different according to T category of both the 7th and 8th edi-
tions. However, they were not different between T3b and T4 
with the 7th edition or between T1a and T1b in the 8th edi-
tion. 

According to the survival curves by the 7th edition, both 
RFS and OS were different between T3a and T3b (p=0.015 
for RFS and p=0.035 for OS), but they were not significantly 
different between T3a and T4 (p=0.306 for RFS and p=0.055 
for OS) or T3b and T4 (p=0.886 for RFS and p=0.559 for OS).  
According to the survival curves for the 8th edition, however, 
both RFS and OS were not different between T1a and T1b 
(p=0.380 for RFS and p=0.777 for OS).

The area under the ROC curve (AUC) graphs for recur-
rence and death were obtained for both the 7th and 8th edi-
tions (Fig. 4). The 2-year AUC value for RFS was 0.693 by the 
7th edition and 0.690 by the 8th edition (p=0.737). Similarly, 
the 2-year AUC value for OS was 0.770 by the 7th edition and 
0.765 by the 8th edition (p=0.715). These results indicate com-
parable predictive abilities of T staging by the AJCC 7th and 

8th editions in HCC. 

4. Prognostic effect of microvascular invasion in HCC ≤ 2 
cm

The tumor sizes of 224 cases (22.2% of the 1,008 cases) were 
2 cm or less; among these, 201 cases (19.9%) were solitary  
tumors that were staged as T1a by the AJCC 8th edition.  
Although they were staged the same, when these 201 cases 
were classified into two groups according to presence of 
microvascular invasion, both RFS and OS were statistically 
significantly lower in the group with microvascular invasion 
(n=157) than in those without microvascular invasion (n=44) 
(p=0.037 for RFS and p < 0.001 for OS) (Fig. 5).

5. Involvement of a major branch of the portal or hepatic 
vein

Of all tumors, 19 (1.9%) involved a major branch of por-
tal vein or hepatic vein and showed T-category migration 
from T3b by 7th to T4 by the 8th edition. The patients with 
these tumors had significantly lower RFS and OS values than 
the 35 cases (34.7%) with multifocal tumors, at least one of 
which was larger than 5 cm and were classified as T3a by the 
7th edition and T3 by the 8th edition (p=0.015 for RFS and 
p=0.035 for OS) (Fig. 6). These results support the change of 
8th edition.

Discussion

The prognostic effect of microvascular invasion has been 
reported in several previous studies as a negative effector in 
patient survival [10-12]. A recent meta-analysis study incor-
porating 14 studies involving 3,033 patients confirmed this  
issue [13]. However, it is debatable that the prognostic effect  
of microvascular invasion in small-size HCC ≤ 2 cm is sig-
nificant. In one study published in 2013 by Shindoh et al. 
[14], however, the long-term survival of 155 patients (14.0%) 
with solitary HCC ≤ 2 cm was not affected by microvascular 
invasion. Based on these data, a part of the pathologic T cat-

Table 2.  Distribution and migration of T category according to American Joint Committee on Cancer (AJCC) 7th and 8th edition staging 
system

                                                                                     Pathologic T category by AJCC 8th edition  
Total

 T1a T1b T2 T3 T4

Pathologic T category by AJCC 7th edition
    T1 157 315 0 0 0 472 
    T2 44 0 433 0 0 477
    T3a 0 0 0 35 0 35
    T3b 0 0 0 0 19 19
    T4 0 0 0 0 5 5
Total 201 315 433 35 24 1,008
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Fig. 2.  Kaplan-Meir survival curves according to the American Joint Committee on Cancer T category of the 7th edition: recurrence-free 
survival (A) and overall survival (B).

Fig. 3.  Kaplan-Meir survival curves according to the American Joint Committee on Cancer T category of the 8th edition: recurrence-free 
survival (A) and overall survival (B).

Fig. 4.  The area under the curve graphs for recurrence (A) and death (B) by the 7th and 8th editions of the American Joint Committee on 
Cancer (AJCC) T category.
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egory was modified from the AJCC 7th edition to the 8th edi-
tion. According to the 7th edition, a T1 tumor refers only to 
a solitary tumor without vascular invasion. If there is vascu- 
lar invasion, it is staged as T2 even if the tumor is solitary. 
But, in the 8th edition, the size of the tumor is the determin-
ing factor, and all solitary tumors with size 2 cm or less are 
staged as T1a regardless of the presence of vascular invasion. 
Tumors are staged as at least T1b when their size is larger 
than 2 cm, and the presence of vascular invasion determines 
whether the tumor is T1b or T2. In short, in smaller tumors 
that are 2 cm or less, the presence of vascular invasion is not 
considered as a prognostic factor in the updated AJCC 8th 
edition.

One of the main findings of our study was that solitary  
tumors ≤ 2 cm with microvascular invasion showed lower 
RFS and OS values than those without microvascular inva-
sion. The discrepancy between the studies by Shindoh et al. 
[14] and our group may have been caused by the character-
istics of the study population, since people in South Korea  
receive medical services from tertiary medical institutions 
due to the national health insurance system. Thus, early-
stage cancers can be detected more frequently. The propor-

tion of solitary tumors ≤ 2 cm was higher in our study than in 
the study by Shindoh et al. [14] (19.9% vs. 14.0%, p < 0.001). 
Another possible explanation is that there is no standardized 
guideline for pathologic evaluation of microvascular inva-
sion, but this effect might be limited because the frequency 
of microvascular invasion in solitary HCC ≤ 2 cm was com-
parable in these two studies (26.5% vs. 22.3%, p=0.48).

There are some reports supporting our results. Recently, 
Wang et al. [15] demonstrated that microvascular invasion 
predicts poor prognosis of solitary HCC ≤ 2 cm based on 
propensity score matching analysis of 496 patients. Meta- 
analyses by Chen et al. [13] also showed a prognostic effect of  
microvascular invasion in solitary HCC ≤ 2 cm.

Another major change in T staging is that T3a in the 7th  
edition is now re-categorized as T3 in the 8th edition, and  
tumors involving a major branch of the portal or hepatic 
vein, which were categorized as T3b in the 7th edition, are  
reclassified as T4 in the 8th edition. This change was based  
on a long-term survival study of 754 patients [16], which 
showed no survival difference between patients with T3a  
and those with T3b tumors (p=0.073) or between patients 
with T3b and those with T4 tumors (p=0.227). In our study, 

Fig. 5.  Kaplan-Meir survival curves of single hepatocellular carcinoma ≤ 2 cm according to presence of microvascular invasion: recurrence-
free survival (A) and overall survival (B). 

Fig. 6.  Kaplan-Meir survival curves of the American Joint Committee on Cancer T category 3a versus 3b of the 7th edition: recurrence-free 
survival (A) and overall survival (B).
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tumors involving a major branch of the portal or hepatic 
vein (T4 by the 8th edition and T3b by the 7th edition, n=19) 
showed lower RFS and OS than multifocal tumors, at least 
one of which was > 5 cm (T3 by the 8th edition and T3a by 
the 7th edition, n=35) (p=0.015 for RFS and p=0.035 for OS), 
supporting the change in the 8th edition.

In the RFS and OS curves generated according to AJCC 7th 
edition T staging (Fig. 2), the curves of the T4 tumors did not 
follow the estimated survival. Since the inclusion criteria of 
this study were designed to strictly involve only resectable 
cases, there are only five cases staged as T4 after resection. 
The key information related to these T4 tumors is summa-
rized in S1 Table. As described above, neither RFS nor OS was 
different between T3a and T4 (p=0.055 for RFS and p=0.306 
for OS) or T3b and T4 (p=0.886 for RFS and p=0.559 for OS) by 
the 7th edition. Therefore, although it was a small group, our 
results related to T4 tumors suggest that tumors involving a 
major branch of the portal vein or hepatic vein (T3b) may not 
show better prognosis in the long term than those involving 
adjacent organs (other than gallbladder) to a resectable extent.  
This idea is consistent with the change of AJCC staging, since 
T3b and T4 categories in the 7th edition are merged into the 
same T4 category in the 8th edition.

The major limitation of this study is that only curatively  
resected HCCs were enrolled for analysis. Surgical resec-
tion is the only modality with which we can definitely deter-
mine the presence of microvascular invasion by pathologic 
evaluation. Since HCCs can be treated by various treatment  
modalities based on the status of the patients, study popula-
tion should be extended to overcome this limitation. In fur-

ther studies, population-based or multicenter analysis that 
also include HCC cases treated with other modalities other 
than surgical resection is required to validate the findings of 
this study and eventually to modify future AJCC staging sys-
tems of HCC with the results. 

The T category of AJCC 8th edition had comparable predic-
tive performance to the 7th edition, and T4 in the 8th edition, 
which was established by combining T3b and T4 of the 7th 
edition, better predicted the prognosis of tumors with higher 
T category. However, presence of microvascular invasion still 
has prognostic value in smaller solitary tumors (size ≤ 2 cm), 
which are all staged as T1a by the AJCC 8th edition. Further 
studies such as population-based or multicenter analysis  
incorporating of HCCs with various treatment modalities 
other than surgical resection are required to validate these 
findings and to apply the results to future AJCC staging sys-
tems for HCC. 
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Purpose
High microsatellite instability (MSI) is related to good prognosis in gastric cancer. We aimed 
to identify the prognostic factors of patients with recurrent gastric cancer and investigate 
the role of MSI as a prognostic and predictive biomarker of survival after tumor recurrence. 

Materials and Methods
This retrospective cohort study enrolled patients treated for stage II/III gastric cancer who 
developed tumor recurrence and in whom the MSI status or mismatch repair (MMR) status 
of the tumor was known. MSI status and the expression of MMR proteins were evaluated 
using polymerase chain reaction and immunohistochemical analysis, respectively.   

Results
Of the 790 patients included, 64 (8.1%) had high MSI status or MMR deficiency. The  
tumor-node-metastasis stage, type of recurrence, Lauren classification, chemotherapy 
after recurrence, and interval to recurrence were independently associated with survival 
after tumor recurrence. The MSI/MMR status and receiving adjuvant chemotherapy were 
not associated with survival after recurrence. In a subgroup analysis of patients with high 
MSI or MMR-deficient gastric cancer, those who did not receive adjuvant chemotherapy 
had better treatment response to chemotherapy after recurrence than those who received 
adjuvant chemotherapy.  

Conclusion
Patients with high MSI/MMR-deficient gastric cancer should be spared from adjuvant 
chemotherapy after surgery, but aggressive chemotherapy after recurrence should be con-
sidered. Higher tumor-node-metastasis stage, Lauren classification, interval to recurrence, 
and type of recurrence are associated with survival after tumor recurrence and should thus 
be considered when establishing a treatment plan and designing clinical trials targeting 
recurrent gastric cancer.    

Key words
Stomach neoplasms, Recurrence, Microsatellite instability, Prognosis, Biomarker

A Multi-cohort Study of the Prognostic Significance of Microsatellite 
Instability or Mismatch Repair Status after Recurrence of Resectable 
Gastric Cancer

Ji Yeong An, PhD1

Yoon Young Choi, PhD2,3

Jeeyun Lee, PhD4

Woo Jin Hyung, PhD2

Kyoung-Mee Kim, PhD5

Sung Hoon Noh, PhD2

Min-Gew Choi, PhD1

Jae-Ho Cheong, PhD2,3,6,7

1Department of Surgery, Samsung Medical 
Center, Sungkyunkwan University School 
of Medicine, Seoul, 2Department of Surgery, 
Yonsei University Health System, Seoul, 
3Yonsei Biomedical Research Institute, 
Yonsei University Health System, Seoul, 
4Division of Hematology-Oncology, 
Department of Medicine, 5Department of 
Pathology and Translational Genomics, 
Samsung Medical Center, Sungkyunkwan 
University School of Medicine, Seoul,  
6YUHS-KRIBB Medical Convergence 
Research Institute, Seoul, 7Brain Korea 
21 PLUS Project for Medical Science, Yonsei 
University College of Medicine, Seoul, Korea

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

Correspondence: Jae-Ho Cheong, MD, PhD 
Department of Surgery, Yonsei University 
College of Medicine, 50 Yonsei-ro, 
Seodaemun-gu, Seoul 03722, Korea 
Tel: 82-2-2228-2094
Fax: 82-2-313-8289
E-mail: JHCHEONG @yuhs.ac

Received  March 2, 2020
Accepted  May 1, 2020
Published Online  May 4, 2020

*Ji Yeong An and Yoon Young Choi contributed 
equally to this work.

Open Access

Introduction

Gastric cancer is among the leading causes of cancer-
related death worldwide [1,2]. Surgery and additional 
chemotherapy with and without radiation therapy are the 
standard treatment modalities for curative intent of locally 

advanced gastric cancer [3]. However, over 40% of patients 
treated with surgery and additional chemotherapy develop 
tumor recurrence that results in mortality [3,4]. Consequent-
ly, the prognostic factors of survival after recurrence (SAR) 
are clinically important in the treatment of gastric cancer. 
Nonetheless, only few studies have addressed this issue in 
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gastric cancer [4,5].
Recent studies on the biology of gastric cancer [6-8] have 

identified predictive biomarkers of prognosis and chemo-
therapy response [8-10]. Microsatellite instability (MSI) 
is one such biomarker. MSI-high (MSI-H) is known to be  
related to good prognosis and no benefit or even harmful 
effect from additional chemotherapy after surgery for stage 
II/III gastric cancer [4,11,12]. These clinical characteristics 
imply that surgery alone would be an effective strategy for 
patients with MSI-H gastric cancer. However, some patients 
with MSI-H still experience tumor recurrence, and thus, 
clinicians hesitate while forgoing additional chemotherapy  
because of the fear that no chemotherapy may increase the 
risk of tumor recurrence [13]. It is unclear whether chemo-
therapy after recurrence yields a similar benefit between 
gastric cancer patients who did and did not receive postop-
erative chemotherapy before recurrence [5,14], particularly 
according to the MSI status. Thus, this study aimed to iden-
tify prognostic factors of patients with recurrent gastric can-
cer and investigate the role of the MSI status as a prognostic 
and predictive biomarker of SAR.  

Materials and Methods

1. Population
Two large cohorts, namely the Y-cohort and S-cohort, 

were included in this study. The Y-cohort was based on the 
population of a previous study that reported the clinical  
implication of the MSI status for stage II/III gastric cancer 
[15], while the S-cohort was based on the population of pre-
vious studies on various biomarkers and molecular markers 
[7]. All patients underwent gastrectomy for curative intent 
and were pathologically confirmed to have stage II or III 
gastric cancer according to the 8th edition of the American 
Joint Committee on Cancer [16]. The additional chemo-
therapy and follow-up strategy were employed according 
to the guidelines [17,18]. We included patients with tumor 
recurrence and in whom the MSI or mismatch repair (MMR) 
status was known. Patients who received chemotherapy or 
radiation therapy before surgery and whose primary can-
cer was in the remnant stomach were excluded. Patients in 
whom the cancer was in the remnant stomach after initial 
gastrectomy but were treated via surgery with curative  
intent were also excluded. 

2. Clinicopathologic variables 
We retrospectively reviewed the clinicodemographic 

characteristics, including sex and age during initial gastric 
cancer diagnosis, presence of serosa invasion and lymph 
node metastasis, TNM stage, Lauren classification, loca-
tion of tumor, MSI/MMR status, whether or not the patient  
received adjuvant chemotherapy, type of recurrence, inter-

val between initial gastrectomy to tumor recurrence (< 1 
year, ≥ 1 year and < 2 years, ≥ 2 years), and whether or not 
the patient received chemotherapy after recurrence. The 
type of recurrence was classified as locoregional, hematog-
enous, peritoneum, any combination, and ovarian metasta-
sis only. Recurrence and survival were determined based on  
records from the hospital and the Korean National Statisti-
cal Office and through telephone surveys. 

3. Definition of MSI and MMR
The MSI status was evaluated in the Y-cohort using pol-

ymerase chain reaction (PCR). DNA was extracted from 
paired normal tissue and tumor tissue that were formalin-
fixed, paraffin embedded, and amplified using PCR for two 
mononucleotide repeat markers (BAT25 and BAT26) and 
three dinucleotide markers (D5S346, D2S123, and D17S250) 
[19]. MSI-H was defined as an instability at two or more 
markers; otherwise, it was defined as microsatellite stable 
(MSS).

The expression of MMR proteins was evaluated in the  
S-cohort via immunohistochemical (IHC) analysis. Sam-
ples from tissue microarray blocks were used to prepare 
3- to 4-μm-thick sections for analysis, and monoclonal anti-
bodies, including mouse anti-MLH1 (#PA0610, Leica Bio-
system, Buffalo Grove, IL), mouse anti-MSH2 (#286M-16, 
Cell Marque, Rocklin, CA), mouse anti-MSH6 (#610919, 
BD Transduction, San Jose, CA), and rabbit anti-PMS2 
(#288M-16, Cell Marque), were used for staining. Deficient 
MMR (dMMR) was defined as loss of any MMR protein  
expression in ≥ 80% of tumor cells while internal control  
nuclei (lymphocytes and stromal cells) are stained [20]. Two  
pathologists independently performed the evaluations. 

4. Statistical analysis
Statistical analysis was performed using SPSS ver. 20.0 

for Windows (IBM Corp., Armonk, NY) and R software ver. 
3.4.3. Categorical variables are described as numbers and 
proportions and were compared using a chi-square test. 
Continuous variables are described as mean with standard 
deviation and were compared using an independent t test. 
Patient prognosis was evaluated according to SAR, which 
was defined as the time from recurrence to death due to any 
cause. The SAR of each group was generated using Kaplan-
Meier curves and compared using log-rank test. A Cox pro-
portional hazard model was used with the hazard ratio (HR) 
and its 95% confidence interval (CI). Institution was used as 
the adjustment variable for the overall analysis. Subgroup 
analysis was conducted with respect to each institution. The 
final multivariable model comprised variables that were 
statistically significant in the univariable analysis and were 
selected using likelihood forward methods. A two-sided  
p-value of < 0.05 was considered statistically significant. 
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Results

1. Baseline characteristics of the patients, initial gastric 
cancer stage, and treatment

The overall cohort comprised 790 patients (439 and 351 
patients from the Y-cohort and the S-cohort, respectively); 
of these, 65.9% were men. In total, 602 patients (76.2%) were 
treated for stage III gastric cancer. With respect to Lauren  
histology, 293 (37.1%) and 497 (62.9%) patients had an intes- 
tinal and diffuse/mixed type, respectively. There were 64 
patients with MSI-H/dMMR gastric cancer (8.1%), and 570  
patients (72.7%) received adjuvant chemotherapy after gas-
trectomy. Over 70% of patients developed tumor recurrence 
within 2 years after initial surgery; the most common type 
was peritoneal recurrence (42.5%). Furthermore, 64.9% of  
patients were administered chemotherapy after tumor recur- 
rence (Table 1). The proportion of serosa-positive cases, 
MSI-H/dMMR cases, and cases treated with both adjuvant 
and post-recurrence chemotherapy; TNM stage; interval to 
recurrence; and type of recurrence were significantly differ-
ent between the Y-cohort and S-cohort (S1 Table). 

Consequently, institution was used as an adjustment vari-
able in the following analysis. The type of recurrence was 
similar between MSI-H/dMMR and MSS/proficient MMR 
(pMMR) tumors (S2 Table).

2. Factors related to prognosis after recurrence
In the overall population, age (adjusted HR, 1.007; 95% CI, 

1.011 to 1.013; p=0.025), serosa invasion (adjusted HR, 1.324; 
95% CI, 1.128 to 1.555; p=0.001), TNM stage (adjusted HR, 
1.288; 95% CI, 1.086 to 1.527; p=0.004), Lauren classification 
(adjusted HR, 1.470; 95% CI, 1.264 to 1.708; p < 0.001), chem-
otherapy after recurrence (adjusted HR, 0.363; 95% CI, 0.306 
to 0.431; p < 0.001), interval from surgery to recurrence (p < 
0.001), and type of recurrence (p < 0.001) were significantly 
associated with SAR (Table 2); in contrast, sex, presence of 
lymph node metastasis, location of tumor, and receiving 
adjuvant chemotherapy were not. The associations between 
clinicopathologic variables, except MSI/MMR status, and 
SAR were similar in both cohorts (S3 Table). 

In the overall cohort, MSI-H/dMMR was not associa-
ted with SAR (adjusted HR, 1.155; 95% CI, 0.885 to 1.506; 
p=0.290) (Table 2, S4A Fig.). However, in the subgroup 
analysis by institutions, MSI-H was related to poor SAR in 
the Y-cohort (HR, 1.544; 95% CI, 1.038 to 2.298; p=0.032) (S3 
Table, S4B Fig.), while there were no significant differences 
in SAR according to the MMR status in the S-cohort (HR, 
0.950; 95% CI, 0.667 to 1.354; p=0.777) (S3 Table, S4C Fig.). In 
the institution-adjusted multivariable analysis, TNM stage, 
Lauren classification, interval to recurrence, type of recur-
rence, and chemotherapy after recurrence were independ-
ent factors related to SAR (Table 3). 

Ji Yeong An, MSI Status and Recurrent Gastric Cancer

Table 1.  Clinicopathologic characteristics of the patients, initial 
gastric cancer stage, and treatments

Characteristic No. (%) (n=790)

Age, mean±SD (yr) 57.18±12.53
Sex 
    Male 521 (65.9)
    Female 269 (34.1)
Serosa invasion 
    Negative 355 (44.9)
    Positive 435 (55.1)
LN metastasis 
    Negative 64 (8.1)
    Positive 726 (91.9)
TNM stage 
    II 188 (23.8)
    III 602 (76.2)
Lauren classification 
    Intestinal 293 (37.1)
    Diffuse/Mixed 497 (62.9)
Tumor location  
    UB/Whole 133 (16.8)
    MB/LB 657 (83.2)
MSI/MMR 
    MSS/pMMR 726 (91.9)
    MSI-H/dMMR 64 (8.1)
Adjuvant CTxa) 
    No 214 (27.3)
    Yes 570 (72.7)
Interval to recurrence (yr) 
    < 1  322 (40.8)
    ≥ 1, < 2 237 (30.0)
    ≥ 2 231 (29.2)
Type of recurrence 
    Locoregional 132 (16.7)
    Hematogenous 154 (19.5)
    Peritoneum 336 (42.5)
    Any combination 142 (18.0)
    Krukenberg only 26 (3.3)
CTx after recurrencea) 
    No 265 (35.1)
    Yes 489 (64.9)
LN, lymph node; UB, upper body; MB, mid-body; LB, lower body; 
MSI, microsatellite instability; MMR, mismatch repair; MSS,  
microsatellite stable; pMMR, proficient mismatch repair; MSI-H, 
microsatellite instability high; dMMR, deficient mismatch repair; 
CTx, chemotherapy. a)Information was incomplete in some patients  
because of transfer to other hospital, loss of follow-up, and  
unclear medical records. 
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3. Effect of chemotherapy according to MSI/MMR status
Additional analyses were conducted to evaluate the  

effects of adjuvant chemotherapy and chemotherapy after 
recurrence in the overall cohort and according to the MSI/
MMR status. In the overall cohort, patients who received 
chemotherapy after recurrence had longer SAR regardless 
of whether or not they received adjuvant chemotherapy 

(log-rank p < 0.001) (Table 4, Fig. 1A), and a similar find-
ing was noted in both cohorts (log-rank p < 0.001 and p < 
0.001 in the Y-cohort and S-cohort, respectively) (S5A and 
S5B Fig.). A similar finding was observed in MSS/pMMR 
tumors of overall cohort and in both cohorts (Fig. 1B, S6A 
and S6B Fig.).

Among patients with MSI-H/dMMR tumors, those who 

Table 2.  Univariable Cox proportional hazard model for survival after recurrence

                                                         Overall cohort

 Adjusted HRa) (95% CI) p-value

Age  1.007 (1.001-1.013) 0.025
Sex  0.362
    Male 1 ( 
    Female 1.072 (0.923-1.246) 
Serosa invasion  0.001
    Negative 1 ( 
    Positive 1.324 (1.128-1.555) 
LN metastasis  0.325
    Negative 1 ( 
    Positive 1.141 (0.878-1.482) 
TNM stage  0.004
    II 1 ( 
    III 1.288 (1.086-1.527) 
Lauren classification  < 0.001
    Intestinal 1 
    Diffuse/Mixed 1.470 (1.264-1.708) 
Tumor location    0.202
    UB/Whole 1 ( 
    MB/LB 1.135 (0.934-1.378) 
MSI/MMR  0.290
    MSS/pMMR 1 ( 
    MSI-H/dMMR 1.155 (0.885-1.506) 
Adjuvant CTx  0.176
    No 1 ( 
    Yes 0.894 (0.760-1.052) 
Interval to recurrence (yr)  < 0.001
    < 1 1 ( 
    ≥ 1, < 2 0.768 (0.647-0.912) 0.003
    ≥ 2 0.650 (0.545-0.776) < 0.001
Type of recurrence  < 0.001
    Locoregional 1 ( 
    Hematogenous 1.010 (0.793-1.288) 0.935
    Peritoneum 1.434 (1.163-1.768) 0.001
    Any combination 1.603 (1.256-2.045) < 0.001
    Krukenberg only 0.614 (0.393-0.961) 0.033
CTx after recurrence  < 0.001
    No 1 ( 
    Yes 0.363 (0.306-0.431) 
HR, hazard ratio; CI, confidence interval; LN, lymph node; UB, upper body; MB, mid-body; LB, lower body; MSI, microsatellite instabil-
ity; MMR, mismatch repair; MSS, microsatellite stable; pMMR, proficient mismatch repair; MSI-H, microsatellite instability high; dMMR, 
deficient mismatch repair; CTx, chemotherapy. a)Adjusted by institution.
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received chemotherapy only after recurrence had the long-
est SAR (Table 4), and the prognosis of patients who received 
adjuvant chemotherapy was similar regardless of whether 
they did or did not receive chemotherapy after recurrence 
(log-rank p=0.020) (Fig. 1C). Similar findings were observed 
in the Y-cohort (log-rank p=0.080) and S-cohort (log-rank 
p=0.053) (S7A and S7B Fig.).  

Discussion

This study investigated the prognostic factors of patients 
with recurrent gastric cancer and the role of the MSI sta-
tus as a prognostic and predictive biomarker of SAR. We 
found that among patients with MSI-H/dMMR recurrent 
gastric cancer, treatment response to chemotherapy after 
recurrence differed according to whether or not the patient 
received adjuvant chemotherapy. To the best of our knowl-
edge, this is the first study to report such a result. This find-
ing is clinically valuable because chemotherapy in the adju-
vant setting would be detrimental to patients with stage II/
III MSI-H/dMMR gastric cancer when they develop tumor 
recurrence. Given that patients with MSI-H/dMMR stage 
II/III gastric cancer generally have favorable prognosis and 
that adjuvant/perioperative chemotherapy yields no ben-
efit in reducing the risk of tumor recurrence [4,11,12], these 
patients should be spared from adjuvant chemotherapy, 
with surgery alone being the most effective treatment strat-
egy. This finding may be due to the acquired resistance from 
adjuvant chemotherapy and the negative effects of chemo-
therapy on patient immunity. The mechanism for this has 

been hypothesized as follows: (1) DNA-targeted cytotoxic 
chemotherapy increases treatment resistance in tumors lack-
ing MMR activity, causing the selection of resistant MMR-
deficient tumors, and this condition could increase genetic 
instability, heterogeneity, and selection of more invasive 
tumor cells [21]. Consequently, adjuvant chemotherapy 
for patients with MSI-H/dMMR gastric cancer could cause 
chemotherapy resistance without reducing the risk of tumor 
recurrence, and recurrence leads to poor prognosis. (2) MSI-
H/dMMR tumors are related to enriched immune cells that 
may be responsible for the suppression of residual micro-
metastases after surgery [22,23], and chemotherapy may  
induce immune suppression [24]. In addition, chemothera-
py may have a negative effect on immune surveillance, and 
the innate benefit from a hypermutated phenotype could be 
attenuated [12]. These negative effects of chemotherapy on 
the patient’s immunity could lead to poor prognosis after 
tumor recurrence.

Our findings could lead to a clinical dilemma because not 
all patients with MSI-H/dMMR can be cured via surgery 
alone, and a tangible clinical benefit could be expected from 
adjuvant treatment in some patients with high-risk MSI-H/
dMMR gastric cancer [13,25]. Because patients with MSI-H/
dMMR tumors are possible candidates for immune-check-
point inhibitor treatment [26,27], adjuvant immunotherapy 
would be a better strategy than conventional chemotherapy 
for this population. However, the superiority of adjuvant 
immunotherapy still needs to be verified. In addition, giv-
en that the prognosis of MSI-H/dMMR tumors could vary  
according to certain biomarkers [28,29], secondary biomark-
ers that can be used to guide adjuvant treatment for this spe-

Table 3.  Multivariable Cox proportional hazard model for survival after recurrence in the overall cohort 

 Adjusted HRa) (95% CI) p-value

TNM  0.049
    II 1 (  
    III 1.199 (1.001-1.435) 
Lauren classification  < 0.001
    Intestinal 1 ( 
    Diffuse/Mixed 1.515 (1.294-1.775) 
Interval to recurrence (yr)  < 0.001
    < 1 1 ( 
    ≥ 1, < 2 0.754 (0.631-0.902) 0.002
    ≥ 2 0.648 (0.539-0.778) < 0.001
Type of recurrencb)  < 0.001
    Locoregional/Hematogenous 1 ( 
    Peritoneum/Combination 1.326 (1.085-1.620) 0.006
    Krukenberg only 0.665 (0.416-1.061) 0.087
Chemotherapy after recurrence  < 0.001
    No 1 ( 
    Yes 0.367 (0.309-0.435) 
HR, hazard ratio; CI, confidence interval. a)Adjusted by institution, b)Variables were categorized into three according to having similar HRs.
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cific type of gastric cancer should be investigated [13].
In this study, SAR was not statistically different accord-

ing to the MSI/MMR status, but it differed according to the 
cohort. MSI-H was related to shorter SAR in the Y-cohort, 
while there was no difference in SAR between dMMR and 
pMMR patients in the S-cohort. This finding may be due to 
the following reasons: (1) the effect of chemotherapy might 
differ according to the MSI/MMR status, and the propor-
tion of patients receiving adjuvant chemotherapy and chem-
otherapy after recurrence differed significantly between the 
cohorts in this study. (2) The Y-cohort was derived from a 
consecutive cohort enrolled between 2000 and 2010, while 
the S-cohort was derived from molecular or biomarker stud-

ies conducted between 1995 and 2008. (3) The MSI/MMR 
status was assessed using different methods in the cohorts, 
i.e., PCR in the Y-cohort and IHC analysis in the S-cohort. 
In colorectal cancer, the association between the MSI/MMR 
status and prognosis after recurrence has been conflicting. A 
study on the molecular subtypes of colorectal cancer report-
ed worse survival after relapse in those with MSI-H type 
[30], while a study of two randomized clinical trials report-
ed longer SAR among patients with dMMR colon cancers 
[28] and attributed this to the difference in recurrence pat-
tern according to the MMR status (regional vs. distant type). 
A similar recurrence pattern of MSI-H/dMMR and MSS/
pMMR tumors in this study resulted in a similar SAR, and 

Fig. 1.  Kaplan-Meier curves for survival after recurrence according to receiving adjuvant chemotherapy and chemotherapy after recur-
rence. (A) Regardless of the MSI/MMR status. (B) MSS/pMMR tumor. (C) MSI-H/dMMR tumors in the overall cohort. MSI, microsatel-
lite instability; MRR, mismatch repair; MSS, microsatellite stable; pMMR, proficient MMR; MSI-H, MSI-high; dMMR, deficient MMR; n, 
number of patients; Adj, adjuvant chemotherapy; CAR, chemotherapy after recurrence.
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the effect of chemotherapy when administered before and 
after recurrence needs to be considered when evaluating 
the prognosis after recurrence according to the MSI/MMR 
status. Additional evidence is needed to determine whether 
the MSI/MMR status could be a useful biomarker even after 
tumor recurrence. 

Given that initial tumor stage, Lauren classification, inter-
val to recurrence, and type of recurrence were significantly 
related to SAR, these factors should be considered for pati-
ent stratification in clinical trials for recurrent gastric cancer. 
More advanced initial tumor stage may be related to more 
subclinical metastases and aggressive biologic behaviors 
that result in more progressive recurrence [14]. The dif-
fuse histology of gastric cancer is related to cancer stemness 
and being refractory to chemotherapy [6,8], and this could 
lead to shorter SAR. Tumors that recur at a longer interval 
from initial treatment may tend to behave in a more indo-
lent manner after recurrence. Peritoneal and combination 
recurrence would be less responsive to oral or intravenous 
chemotherapy and may yield a higher tumor burden that 
could cause shorter SAR. 

This study enrolled patients from the two largest gastric 
cancer-specialized centers in Korea. Considering the low 
prevalence of MSI-H/dMMR gastric cancer with its favo-
rable prognosis, this cohort may be the largest to date. In  
addition, this study is the first to evaluate the effects of both 
chemotherapy before and after recurrence according to SAR 
biomarkers of gastric cancer. However, there are also pos-
sible limitations of this study that need to be addressed. The 
effects of chemotherapy after recurrence were likely overes-
timated as some patients died before chemotherapy could be 

implemented after tumor recurrence. Moreover, the retro- 
spective design of this study and the different chemothera-
py regimens used for adjuvant chemotherapy and chemo-
therapy after recurrence made it difficult to conduct more 
subgroup analysis for the effect of chemotherapies before 
and after recurrence by MSI/MMR status, and it might be 
another limitation. Despite these limitations, our results pro- 
vide clinical insight into the behavior of MSI-H/dMMR 
gastric cancer in the setting of standard of care and provide 
instrumental information for deciding on the appropriate 
treatment strategy for recurrent gastric cancer.

In conclusion, chemotherapy only after recurrence yields 
high SAR in gastric cancer patients with MSI-H/dMMR. 
This shows that in MSI gastric cancer, only post-recurrence 
chemotherapy and not adjuvant chemotherapy is beneficial. 
Furthermore, TNM stage, Lauren classification, interval to 
recurrence, and type of recurrence are associated with SAR 
and should thus be considered when creating the treatment 
plan and designing clinical trials targeting recurrent gastric 
cancer.  
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Table 4.  Association between treatment and survival after recurrence in the overall cohort and by MSI/MMR status 

 Adjusted HRa) (95% CI) p-value

Overall  < 0.001
    Adj–/CAR+ 1 ( 
    Adj+/CAR+ 1.229 (0.947-1.596) 0.121
    Adj–/CAR– 2.820 (2.062-3.856) < 0.001
    Adj+/CAR– 3.583 (2.658-4.831) < 0.001
MSS/pMMR  < 0.001
    Adj–/CAR+ 1 ( 
    Adj+/CAR+ 1.133 (0.867-1.481) 0.359
    Adj–/CAR– 2.798 (2.012-3.890) < 0.001
    Adj+/CAR– 3.356 (2.464-4.570) < 0.001
MSI-H/dMMR  < 0.001
    Adj–/CAR+ 1 ( 
    Adj+/CAR+ 5.360 (1.472-19.517) 0.011
    Adj–/CAR– 4.491 (1.412-14.290) 0.011
    Adj+/CAR– 12.052 (3.065-47.391) < 0.001 
MSI, microsatellite instability; MMR, mismatch repair; HR, hazard ratio; CI, confidence interval; Adj, adjuvant chemotherapy; CAR, chem-
otherapy after recurrence; MSS, microsatellite stable; pMMR, proficient mismatch repair; MSI-H, microsatellite instability high; dMMR, 
deficient mismatch repair. a)Adjusted by age, sex, and institution.
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Purpose
Fibroblast growth factor receptor 4 (FGFR4) plays a critical role in cancer progression involv-
ing in tumor proliferation, invasion, and metastasis. This study clarified the role of FGFR4-
Arg388 variant in gastric cancer (GC), and more importantly highlighted the possibility of 
this single nucleotide polymorphism (SNP) as potential therapeutic targets.  

Materials and Methods
FGFR4 polymorphism was characterized in advanced GC patients to perform statistical 
analysis. FGFR4-dependent signal pathways involving cell proliferation, invasion, migration, 
and resistance to oxaliplatin (OXA) in accordance with the SNP were also assessed in trans-
fected GC cell lines.   

Results
Among 102 GC patients, the FGFR4-Arg388 patients showed significantly higher tumor 
stage (p=0.047) and worse overall survival (p=0.033) than the Gly388 patients. Immuno-
histochemical results showed that FGFR4-Arg388 patients were more likely to have higher 
vimentin (p=0.025) and p-STAT3 (p=0.009) expression compared with FGFR4-Gly388  
patients. In transfected GC cells, the overexpression of FGFR4-Arg388 variant increased 
proliferation and invasion of GC cells, increasing resistance of GC cells to OXA compared 
with cells overexpressing the Gly388 allele. 

Conclusion
The exploration mechanism may be through FGFR4-Arg388/STAT3/epithelial to mesenchy-
mal transition axis regulating pivotal oncogenic properties of GC cells. The FGFR4-Arg388 
variant may be a biomarker and a candidate target for adjuvant treatment of GC.    

Key words
Fibroblast growth factor receptor 4, Gly388Arg polymorphism, Gastric neoplasms, STAT3, 
Epithelial to mesenchymal transition 
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Introduction

The U.S. Food and Drug Administration (FDA) approved 
herceptin and ramucirumab for the treatment of advanced 
gastric cancer (GC), while the overall effect was not satisfac-
tory. Therefore, whether there are new molecular markers to 
be pivotal in the occurrence and development of GC, as well 
as further targeted drugs worthy of research and develop-
ment, will become a further breakthrough in the field of GC 
research.

In recent years, a mass of molecular changes having an  
important role in the pathogenesis and prognosis of tumor 
patients have been confirmed. The fibroblast growth factor 
receptor 4 (FGFR4) has been proven therapeutic potential in  
a variety of cancer types [1], which has been connected with 
process and prognosis in several kinds of cancer, invol- 
ving GC [2-4]. FGFR-Arg388 variant (rs351855 at the geno-
type level), contains an amino acid rep-lacement of an argi- 
nine for a glycine at codon 388. FGFR4-Arg388 variant plays  
a role in susceptibility to oral squamous cell carcinoma,  
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pituitary tumors, and neuroblastoma [5-7]. FGFR4-Arg388  
variant was a new independent prognostic factor and corre-
lated with tumor poorer prognosis in various tumors [8-10].  
FGFR4-Arg388 variant also affects the tumor biological beha-
vior. For example, FGFR4-Gly388 tumors express incremental 
prolactin and less growth hormone, whereas tumors holding 
the polymorphic variant of FGFR4-Arg388 express enhancive 
growth hormone with respect to prolactin [11]. 

The FGFR4-Arg388 variant has been declared to be associat-
ed with multiple signaling pathways. Ulaganathan and Ullrich  
[12] believe FGFR4-Arg388 variant might expose a proximal 
STAT3 binding site and have confirmed that FGFR4-Arg388 
variant could induce enhanced STAT3 signal. The FGFR4-
Arg388 allele produces a receptor variant that preferentially 
promotes STAT3/5 signaling, transcriptionally inducing Grb-
14 in pancreatic endocrine cells to promote insulin secretion 
[13]. Moreover, FGFR4-Arg388 variant has been related to 
epithelial to mesenchymal transition (EMT), inducing expres-
sion of EMT-associated proteins [14,15]. The FGFR4 variant 
induces STAT3 activation and the expression of EMT-related 
genes, thereby causing pro-oncogenic effects in lung cancer 
in vitro and in vivo [16]. In the current research, we aimed to  
explore the potential effect of the FGFR4-Arg388 variant on 
GC biological behavior, its resistance to oxaliplatin (OXA), 
its impact on patients’ pathological features and prognosis in 
this setting, whether it was caused by EMT and STAT3 path-
ways, with exploration of the relationship creatively.

Materials and Methods

1. Patients
Collection of 102 consecutive primary GC tissue samples 

was in the First Affiliated Hospital of Zhengzhou Univer-
sity (Zhengzhou, China). All patients were diagnosed and 
treated at this hospital. All GC patients without any chemo-
therapy, radiotherapy, and other therapies prior to radical 
gastrectomy. All cases were pathologically recorded and 
approved by the hospital ethics committee to record per-
sonal files for clinical data. Staging must be based on the 
American Joint Committee on Cancer (AJCC) tumor, lymph 
node metastasis system (TNM) staging for GC staging (7th 
edition, 2010) [17]. Follow-up data were acquired by tele-
phone, letter acquisition, and outpatient clinical database. 
The survival time was calculated based on the date from the 
completion of the surgery to the date of death or the date of 
the last follow-up. Follow-up time was from January 2010 to 
December 2017. 

2. Immunohistochemical staining
The expression of FGFR4, E-cadherin (E-cad), vimentin 

(Vim), STAT3, and p-STAT3 in paraffin-embedded tumor 
specimens of all selected patients was detected by immuno-

histochemistry. The concentrations of antibodies and posi-
tive sites were as follows: anti-FGFR4, dilution 1:500, posi-
tive site was cytoplasm; anti–E-cad, dilution 1:200, positive 
site was cell membrane; anti-Vim, dilution 1:500, positive 
site was cytoplasm; anti-STAT3, dilution of 1:100, the posi-
tive sites were the nucleus and cytoplasm; anti–p-STAT3,  
dilution of 1:200, the positive sites were the nucleus and 
cytoplasm; the negative control (NC) was achieved by  
incubating the parallel slides to omit the accordingly pri-
mary antibody.

3. Immunohistochemical staining scoring
Slides were semi-quantitatively evaluated by two inde-

pendent pathologists who were blinded to the patient’s 
clinical data when scoring the immunohistochemical results 
of the archival tissue samples. Cytoplasmic FGFR4 immu-
nostaining was scored (quaternary system): negative (–), 
low (+), intermediate (++), and high expression (+++) [18]. 
Finally, the percentage of positive staining cells was scored 
according to the intensity score of each part: Vim of positive 
tumor cells dispersed throughout the section, constituting 
at least 10% [19]; When > 10% of tumor membranes were 
stained, E-cad expression was positive [20]. Overexpression 
of STAT3 and p-STAT3 were defined as nuclear staining of 
more than 30% of tumor cells in GC [21].

4. Genotyping
Genomic DNA was removed from the 102 tumor tissue 

stored in 4% paraformaldehyde. A 120-bp fragment possess-
ing the Gly388Arg polymorphism was polymerase chain  
reaction (PCR) amplified using polymerized forward prim-
er, 5’-CAGTACCTGTCGGGCCAGAG-3’; reverse, 5’-CTTG-
GCTGTGCTCCTGCTG-3’. One microliter of PCR products 
were labeled with the BigDye sequencing kit (Applied Bio-
systems, Foster City, CA) and the recommended operating 
conditions were on the basis of the manufacturer’s instruc-
tions. The sequence data were interpreted with the DNSstar 
software (Fig. 1A).

5. Cell lines and cell culture
Human GC cell lines AGS, NCI-N87, MGC803, and MKN-

45 were obtained from the American Type Culture Collec-
tion. The BGC803 and SGC7901 cell lines were purchased 
from the Chinese Academy of Sciences, Science Bank of the 
typical Culture Collection (CBTCCCAS, Shanghai, China). 
Cell lines were cultured in RPMI-1640 medium (Gibco, 
Grand Island, NY) supplemented with 10% fetal bovine 
serum (FBS; Gibco), 100 U/mL penicillin and 100 μg/mL  
streptomycin (Caisson Labs, North Logan, UT) with a  
humidified atmosphere containing 5% CO2 at 37°C.

6. Antibodies and reagents
Rabbit monoclonal anti–E-cad (#3195), anti-Vim (#5741), 

Yanwei Ye, FGFR4 Gly388Arg Affects the Features of GC



anti–p-STAT3 (#9145), anti–caspase-3 (#14220), and anti–
cleaved caspase-3 (#9664) as well as mouse monoclonal 
anti–β-actin (#3700) and anti-STAT3 (#9139) were all bought 
in Cell Signaling Technology (Beverly, MA). The anti-FGFR4 
antibody was purchased by Proteintech (#11098-1-AP) (Wu-
han, China). Secondary horseradish peroxidase-conjugated 
antibodies were goat anti-mouse and goat anti-rabbit from 
Sigma-Aldrich Corp. (St. Louis, MO). AG490 was bought 
from Sigma-Aldrich Corporation (Shanghai, China). In addi- 
tion, OXA came from our clinical trial group at the research 
center.

7. Lentiviral overexpression vector construction and trans-
fection

Lentiviral overexpression vector construction and transfec-
tion (pHBLV-CMV-MCS-3flag-EF1-puro, including FGFR4- 

Gly388, FGFR4-Arg388, and NC) were completed by Hanbio 
(Shanghai, China). The primer sequences of FGFR4-Gly388 
were as follows: 5’-ggatctattccggtGaattcGCCACCATGCG-
GCTGCTGCTGGCCCTGTT-3’ and 5’-CTTAAGCTTGGTA- 
CCGAggatccTGTCTGCACCCCAGACCCGAA-3’. The pri- 
mer sequences of FGFR4-Arg388 were as follows: 5’-ggatc-
tatttccggtGaattcGCCACCATGCGGCTGCTGCTGGCCCT-
GTT-3’ and 5’-CTTAAGCTTGGTACCGAggatccTGTCTGC- 
ACCCCAGACCCGAA-3’. GC cells were seeded in a 24-
well plate at a density of 5×105 cells per well for 24 hours, 
then infected by adding the prepared virus according to the 
manufacturer’s instructions. After the virus control group 
completely died under the action of puromycin, the cells of 
the experimental group were considered to be completely 
screened.

Fig. 1.  (A) Gene sequencing including three specific fibroblast growth factor receptor 4 (FGFR4) Gly388Arg polymorphic genotype  
(including Gly/Gly, Gly/Arg, and Arg/Arg). (B) Significant difference was observed between patients with FGFR4-Gly388 allele and  
FGFR4-Arg388 variant among 102 gastric cancer (GC) patients after stratified Kaplan-Meier survival analysis. (C) Strong positive expres- 
sions of immunohistochemical markers in GC tissue were demonstrated. All H&E staining and immunohistochemical pictures were  
amplified 200-fold (upper) and 400-fold (lower). 
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8. Reverse transcription PCR and quantitative real-time 
PCR 

Total RNA was collected from GC cell lines using TRIzol 
reagent. DNA synthesis kit (MBI, Fermentas, Canada) was 
reversely transcribed into cDNA of each RNA sample. Prim-
ers were: FGFR4, 5’-agatactcaaagacaacgcct-3’ and 5’-cgcactc-
cacgatcacgta-3’; β-actin, 5’-cacgatggaggggccggactcatc-3’ and 
5’-taaagacctctatgccaacacacagt-3’. Two Taq PCR MasterMix 
(Takara, Tokyo, Japan) was used for PCR amplification.  
FGFR4 annealing temperature for 57℃. PCR products were 
electrophoresis with 2% agarose gel and stained with ethyl 
bromide. According to the instructions of Takara, the mRNA 
expression of FGFR4 in six GC cell lines was detected by 
quantitative real-time PCR (q-PCR). Repeat the experiment 
three times. Relative differences were calculated according 
to the comparative Ct method.

9. Protein extraction and western blot
Whole cell lysates were prepared using protein extraction 

reagents (Merck, Darmstadt, Germany). Protein samples 
boiled for 10 minutes (30 μg per protein) were added to a 
10% sodium dodecyl sulfate polyacrylamide gel for elec-
trophoretic separation and transferred to a polyvinylidene 
difluoride (PVDF) membrane. The PVDF membrane was 
blocked in phosphate buffered saline (PBS) containing 0.05% 
Tween-20 and 5% skim milk powder for 1 hour at room tem-
perature, and incubated with primary antibody overnight 
at 4℃. Then wash the PVDF membrane three times with 
PBS containing 0.05% Tween-20 and 1% skim milk powder. 
The PVDF membrane was then incubated with the second-
ary antibody for 1 hour at room temperature. The protein 
imprint was detected by an ECL detection system (Image-
Quant LAS 3000, General Electric Co., Fairfield, CT). At least 
all samples were performed on three independent western 
blot analyses.

10. Apoptosis assay
GC cells, including mock, NC, and FGFR4-Gly388 and  

FGFR4-Arg388 overexpression groups were dealt with 
OXA at proper concentration (average value of IC50 of mock 
group and NC group) for 24 hours. Annexin V and pro-
pidium iodide (PI) were used for cell apoptosis detection by 
flow cytometry and fluorescence microscope (Nikon, Tokyo,  
Japan). Then cells were combined in 500 μL annexin V bind-
ing buffer and incubated with 5 μL Annexin V–PI in the dark 
and at room temperature for 15 minutes. After that, all sam-
ples were analyzed by FACS Calibur flow cytometry with 
CellQuest software (Thermo Fisher Scientific, Waltham, MA)  
and photographed under a fluorescence microscope.

11. Cell proliferation assays
Cell viability was assessed using Cell Counting Kit-8 

(CCK-8) reagent (Dojindo Laboratories, Kumamoto, Japan) 

and EdU reagent (Ribobio, Guangzhou, China). 

1) CCK-8 proliferation assay
One hundred microliters of cell medium containing 2,000 

cells was seeded into each well of 96-well plates. After 1, 2, 
3, 4, and 5 days of culture respectively, the supernatant was 
removed. The absorbance at 450 nm was measured using a 
microplate reader.

2) Gradient concentration CCK-8 assays
After culturing for 24 hours, cells were dealt with OXA at 

different concentrations ladder (0, 1, 2, 4, 8, 16, 32, 64, 128, 
and 256 μg). After 72 hours of culture, the supernatant was 
removed. The absorbance was measured at 450 nm with a 
microplate reader. Cell viability and IC50 were calculated for 
subsequent experiments.

3) EdU proliferation assay
Cells were seeded in 24-well plates at 4×105 cells/well in 

1 mL of culture medium. Each hole was incubated at room 
temperature for 30 minutes with 300-400 μL cell stationary 
fluids (PBS containing 4% paraformaldehyde). Two hun-
dred microliters of 1× Apollo staining reaction solution was 
added to each well to mark EdU. Each well was incubated 
with 200 μL 1× Hoechst 33342 reaction solutions at room 
temperature and decolorize shaker for 30 minutes for DNA 
staining. Under ultraviolet light, the cell nuclei were all 
stained blue, and the proliferating nuclei were stained red 
under a green light.

12. Matrigel invasion and invasion assay
The polycarbonate filter (8-μm pore size) was covered with 

Matrigel gel (BD Biosciences, Franklin Lakes, NJ) at a concen-
tration of 1 μg/mL and placed in a 24-well cell culture plate. 
Each well was inoculated 1×105 cells of 100 μL of FBS-free  
medium in the upper part of the chamber, while the lower 
part of the chamber was filled with medium containing 20% 
FBS as a control. After incubation at 37℃ for 72 hours, cells 
invaded with Matrigel membrane were fixed with 4% formal-
dehyde and stained with hematoxylin and eosin (H&E) rea-
gent. Wipe off the non-migrating cells on the upper side of the 
filter. Calculate at least 10 locations per filter. For cell scratch  
assays, SGC7901 and BGC803 cells (mock, NC, FGFR4-Gly388,  
and FGFR4-Arg388) in 6-well plates were scored with well-
defined scratches and cultured for 24 hours. Obtain images 
under the fluorescence microscope at the same interval for 
8 hours. The migration distance is quantified by Image-Pro 
Plus software (Media Cybemetics, Rockville, MD).

13. Statistical analysis
The connection between FGFR4 expression and clinico-

pathological factors as well as other immunohistochemical 
markers was assessed by chi-square test. Survival curves 
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Table 1.  Association analysis of the FGFR4 Gly388Arg polymorphism and clinicopathological parameters in gastric cancer patients

Variable
 Total GG GA+AA Pearson’s 

p-value
 (n=102) (n=45) (n=57) χ2 value

Age (yr)    
    < 60 52 23 29 0.001 > 0.99
    ≥ 60 50 22 28  
Sex    
    Male 74 35 39 1.105 0.373
    Female 28 10 18  
Tumor size (cm)    
    < 4  67 30 37 0.004 > 0.99
    ≥ 4 34 15 19  
Differentiation    
    G1+G2 44 16 28 1.887 0.227
    G3+G4 58 29 29  
T category    
    T1+T2 43 24 19 4.125 0.047
    T3+T4 59 21 38  
N category    
    N0 47 29 28 0.607 0.436
    N1+N2+N3 54 26 28  
M category    
    M0 95 41 51 2.713 0.130
    M1 7 1 6  
Borrmann type     
    Local type (early GC+Ⅰ+Ⅱ) 50 15 35 3.494 0.071
    Infiltrating type (Ⅲ+Ⅳ) 52 25 27  
Lauren type    
    Intestinal type 45 17 28 0.070 0.840
    Diffuse infiltration type 57 23 34  
WHO type    
    Tubular adenocarcinoma 42 17 25 3.264 0.515
    Papillary adenocarcinoma 3 0 3  
    Mucous adenocarcinoma 3 2 1  
    Signet ring cell carcinoma 18 8 10  
    Poorly differentiated adenocarcinoma 36 13 23  
FGFR4 status    
    Low expression 33 17 16 1.083 0.394
    High expression 69 28 41  
STAT3 status    
    Negative 37 14 23 0.929 0.408
    Positive 65 31 34  
p-STAT3 status    
    Negative 46 27 19 7.222 0.009
    Positive 56 18 38  
Vimentin status    
    Negative 41 24 17 5.781 0.025
    Positive 61 21 40  
E-cadherin status    
    Negative 35 12 23 2.089 0.208
    Positive 67 33 34  

FGFR4, fibroblast growth factor receptor 4; GC, gastric cancer; WHO, World Health Organization.
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were calculated by Kaplan-Meier method, and differences 
between survival curves were examined with the log-rank 
test. All the statistical tests were bilateral, with a significance 
at the 0.05 level. SPSS ver. 17.0 statistical software (SPSS 
Inc., Chicago, IL) was used for statistical analysis and graph 
drawing, which was used to collect and classify patients’ 
clinical pathology and follow-up data, covering sex, age,  
tumor size, differentiation, tumor stage, lymph node status, 
distant metastases, Borrmann type (divided into local type 
including early GC, uplift type [I], ulcer type [II] and infil-
trating type including infiltrating ulcer type [III] and diffuse 

infiltrating type [IV]), Lauren type, World Health Organiza-
tion type (WHO), and expression of relevant tumor markers.

14. Ethical statement  
The study was approved by the Institutional Review 

Board of The First Affiliated Hospital of Zhengzhou Uni-
versity (IRB No. YB M-05-02) and performed in accordance 
with the principles of the Declaration of Helsinki. Written 
informed consents were obtained.

Fig. 2.  The expressions of fibroblast growth factor receptor 4 (FGFR4) mRNA and protein were illustrated in various gastric cancer (GC) 
cell lines and transfected cells. (A) Expressions of FGFR4 protein in different GC cell lines by western blot. (B) Expressions of FGFR4 
mRNA in different GC cells by reverse transcription polymerase chain reaction (RT-PCR). (C) Expressions of FGFR4 mRNA in different 
GC cells by quantitative real-time polymerase chain reaction (q-PCR).  Expressions of FGFR4 mRNA in SGC7901 (D) and BGC803 (E) cells 
(mock, negative control [NC], Gly388-transfected, and Arg388-transfected) by RT-PCR. Expressions of FGFR4 mRNA in SGC7901 (F) and 
BGC803 (G) cells (mock, NC, Gly388-transfected, and Arg388-transfected) by q-PCR. β-Actin was served as loading control. At least three 
independent detecting were performed. *p < 0.05.
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Results

1. Correlation of FGFR4 Gly388Arg single nucleotide pol-
ymorphism with clinicopathological characteristics and 
prognosis of GC patients

The relationship between pathological parameters and 
related protein expression in 102 GC patients and FGFG4 
polymorphism was summarized in Table 1. We then strati-
fied FGFR4-Gly388 and FGFR4-Arg388 patients according 
to FGFR4 single nucleotide polymorphism (SNP). FGFR4-
Arg388 variant was observed in GC patients with higher  
tumor stage (T3+T4) (p=0.047), while no correlation with sex 
(p=0.373), age (p > 0.99), tumor size (p > 0.99), differentiation 
(p=0.227), lymph node status (p=0.436), distant metastases 
(p=0.130), Borrmann type (p=0.071), Lauren type (p=0.840), 
and WHO type (p=0.515). It was worth mentioning that 
Borrmann type (p=0.071) may be statistically significant if 
the sample size was increased. A significant correlation was  
observed between FGFR4-Arg388 variant and the expression 
of Vim (p=0.025) as well as p-STAT3 (p=0.009) expression 
in GC, while no correlation with the expression of FGFR4 
(p=0.394), STAT3 (p=0.408), and E-cad (p=0.208). Moreover, 
Kaplan-Meier survival analysis showed that FGFR4-Arg388 
variant in GC patients were significantly correlated with a 
poorer prognosis in terms of cumulative survival compared 
with FGFR4-Gly388 allele (p=0.033) (Fig. 1B). Typical immu-
nohistochemical positive expression of the five related mol-
ecules and H&E staining for morphological features of GC 
can be seen in Fig. 1C.

2. FGFR4 expression differed in various GC cell lines
FGFR4 was expressed in GC lines at mRNA and protein 

levels using q-PCR, reverse transcription PCR (RT-PCR), 
and western blot analysis. As Fig. 2A displayed, the protein 
expression of FGFR4 was more obvious in MKN45 and AGS, 
while weaker in MGC803, SGC7901, and BGC803. RT-PCR 
results showed that mRNA expression of FGFR4 was dis-
tinctly stronger in MKN45 and AGS than in the other four 
GC cell lines (Fig. 2B). As showed in Fig. 2C, the quantitative 
analysis results by q-PCR verified that the mRNA expres-
sion of FGFR4 in SGC7901 and BGC803 was weaker than 
the other GC cell lines. Hence, the SGC7901 and BGC803 cell 
lines which were utilized to construct different FGFR4 gene-
tic phenotype were chosen to conduct subsequent assays.

3. FGFR4-Gly388 allele and FGFR4-Arg388 allele were veri-
fied to be over-expressed

The stable overexpression of FGFR4-Gly388 and FGFR4-
Arg388 in GC cells were conducted by transfection of lenti-
viral overexpression vector (pHBLV-CMV-MCS-3flag-EF1-
puro) for the following functional assays. The efficiency of 
transfection of vector was checked by RT-PCR and q-PCR. As 
Fig. 2D and E shown, the expression of FGFR4-Gly388 and 

FGFR4-Arg388 mRNA was remarkably increased in SGC7901 
and BGC803 (vector transfection groups) compare with mock 
and NC groups. As shown in Fig. 2F and G, the quantitative 
analysis results by q-PCR also verified that FGFR4 mRNA  
expression in SGC7901 and BGC803 vector transfection 
groups was significantly higher. Actually, all tests had proved 
effective in increasing FGFR4 mRNA expression, as measured 
by RT-PCR and q-PCR.

4. FGFR4-Arg388 allele enhanced proliferation, invasion, 
and migration

Compared with mock and NC cells, the proliferation of 
Gly388-transfected and Arg388-transfected cells was conside- 
rably enhanced. Results of CCK-8 proliferation assay showed 
that the absorbency was higher in FGFR4-Arg388 groups 
than that in FGFR4-Gly388 groups, particularly after 3, 4, 
and 5 days of culture (Student’s t test, p < 0.05) (Fig. 3A). 
Similarly, proliferation of BGC803 Arg388-tranfected cells 
obviously increased in comparison to the other three groups  
(p < 0.05) (Fig. 3B). The same results were achieved for EdU 
proliferation assay. The proportion of Arg388-transfected 
cells proliferation were higher compared to the other three 
groups in SGC7901 (Students t test, p < 0.05) (Fig. 3C and E) 
and BGC803 (Student’s t test, p < 0.05) (Fig. 3D and F). When 
compared with mock and NC groups, Gly388-transfected 
and Arg388-transfected cells showed significantly more cell 
invasion. As shown in Fig. 3G, the number of SGC7901 cells  
invading the Matrigel-coated membrane in the FGFR4-Arg- 
388 group was much higher than that in the FGFR4-Gly388 
group (p < 0.05) (Fig. 3I). Similarly, the number of BGC803 
cells in the FGFR4-Arg388 group was significantly higher  
than that in the FGFR4-Gly388 group (Fig. 3H), and the dif-
ference was statistically significant (p < 0.05) (Fig. 3J). Similar  
results were also observed using a cell scratch assay in SGC-
7901 (Fig. 3K and M) and BGC803 (p < 0.05) (Fig. 3L and N). 
Together, these results indicated that both the Arg388-trans-
fected and Gly388-transfected cells evidently increased the 
proliferation, migration, and invasion in GC cells, whereas 
that overexpression of the FGFR4-Arg388 variant was strong-
er than Gly388 allele.

5. FGFR4-Arg388 variant can increase the resistance of 
OXA

To assess the effect of OXA on the growth of SGC7901 and 
BGC803 cells at different concentrations, we used CCK-8 pro-
liferation assay to observe cell viability. Fig. 4A and B show 
the cell viability of SGC7901 and BGC803 cells at different 
concentrations of OXA, and the IC50 in Arg388-transfected, 
Gly388-transfected, mock and NC were 12.83, 10.46, 5.77, 
and 5.12 μg, respectively (Fig. 4A and B). When OXA was 
treated BGC803 cells, the cell viability also decreased with  
increasing concentration. The IC50 in Arg388-transfected, Gly- 
388-transfected, mock, and NC were 11.67, 6.86, 1.96, and 
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Fig. 3.  Effect of fibroblast growth factor receptor 4 (FGFR4) genotype on proliferation, invasion, and migration. (A, B) Compared with 
mock and negative control (NC) cells, the proliferation of Gly388- and Arg388-transfected cells was significantly enhanced. In addition, 
Arg388-transfected cells have a faster proliferation than Gly388-transfected cells. In addition, Arg388-transfected cells have a faster prolif-
eration than Gly388-transfected cells. Similar results were also observed in the EdU fluorescence staining test (C-F), Transwell chambers 
invasion assay (G-J), and cell scratch assay (K-N). *p < 0.05. (Continued to the next page)
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2.27 μg, respectively (Fig. 4C and D). Based on the above 
results, the appropriate concentration of OXA for later apo-
ptosis experiments was 5 μg in SGC7901 cells and 2 μg in 
BGC803 cells, respectively (average value of IC50 for mock 
and NC group).

In cell apoptosis flow cytometry assay, when compared 
to mock and NC group, the Gly388- and Arg388-transfect-
ed group distinctly reduced the apoptosis rate of SGC7901 
cells (Student’s t test, p < 0.05) (Fig. 4E and G) and BGC803 

cells (Student’s t test, p < 0.05) (Fig. 4F and H). Moreover, the  
apoptosis rate of Arg388-transfected group was less than that 
of Gly388-transfected group in both of these GC cells. Fur-
thermore, similar results could be shown in fluorescent stain-
ing for apoptosis (Fig. 4I-L), which suggested that FGFR4 
overexpression can weaken the chemotherapy effect of OXA, 
and it was important to note that the FGFR4-Arg388 vari-
ant was superior to the FGFR4-Gly388 allele to increase the 
resistance of OXA. 

Fig. 3.   (Continued from the previous page) Similar results were also observed in the EdU fluorescence staining test (C-F), Transwell chambers 
invasion assay (G-J), and cell scratch assay (K-N). *p < 0.05. 
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After 24 hours of OXA culture, expressions of caspase-3 and 
cleaved caspase-3 increased substantially in SGC7901 cells. 
Compared with mock, NC, and Gly388-transfected groups, 
the Arg388-transfected group decreased the expressions 
of caspase-3 and cleaved caspase-3, whether adding OXA 
or not, which confirmed that the apoptosis rate of FGFR4-
Arg388 variant group was lower than the other three groups 
(Fig. 4M). Moreover, similar results could be observed in 
BGC803 cells (Fig. 4N).

6. FGFR4-Arg388 variant affects the EMT process and 
STAT3 signaling pathway, and inhibition of the STAT3 
pathway reduces Arg388 variant induced EMT

To investigate the mechanism of how FGFR4-Arg388 
variant affected the proliferation, invasion, and apoptosis 
of GC cells, we observed the expression change of associ-
ated molecules through western blot. Compared with mock 
and NC groups, the expression of FGFR4 in the Gly388- and 
Arg388-transfected SGC7901 cells were equally increased, 
which were actually shown to be effective in increasing 
FGFR4 protein expression in transfected GC cells. When the 
relationship between FGFR4 genotype and STAT3 signaling 
pathway was studied, the expression of STAT3 was obvi-
ously increased in Gly388- and Arg388-transfected SGC7901 

cells. The expression of p-STAT3 was substantially increased 
in Arg388-transfected SGC7901 cells when compared with 
other three groups. This indicates that the FGFR4-Arg388 
variant affects STAT3 signaling pathway. To study the role of 
the FGFR4 genotype in the EMT, we assessed the roles of the  
FGFR4-Arg388 variant compared with the FGFR4-Gly388  
allele during induction of EMT changes in stably transfected 
GC cells. Western blot analyses showed there was an increa- 
sed expression of Vim in Arg388-transfected SGC7901 cells 
compared with Gly388-transfected and control cells. While 
E-cad was significantly reduced in Arg388-transfected SGC-
7901 cells when compared with other three groups. These 
results implied that the FGFR4-Arg388 variant promotes the 
EMT process (Fig. 5A). Similar results were also found in 
BGC803 cells (Fig. 5B).

To explore if FGFR4-Arg388 induced EMT could be  
decreased by inhibition of STAT3 activation, we cultivated 
the GC cells with the Jak2 inhibitor AG490 to block STAT3 
activation and reduced expression of STAT3 protein. STAT3 
and p-STAT3 have the same molecular weight, the expres-
sion of two proteins cannot be displayed in one PVDF mem-
brane, that is why we used two internal reference proteins 
as a control for loading. STAT3 pathway inhibition was 
followed by growth of E-cad and reduction of Vim both 

Fig. 4.  The relationship between fibroblast growth factor receptor 4 (FGFR4) genotype and oxaliplatin (OXA) resistance. (A-D) Effects of 
different OXA concentrations on the activity of SGC7901 and BGC803 cells. NC, normal control. (Continued to the next page)
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Fig. 4.  (Continued from the previous page) (E-H) Flow cytometry: apoptosis rate of gastric cancer (GC) cells with different FGFR4 genotypes 
after OXA addition for 24 hours. (Continued to the next page)
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Fig. 4.  (Continued from the previous page) (I-L) Fluorescent staining for apoptosis of GC cells with different FGFR4 genotypes (green rep-
resents early apoptosis and red represents apoptosis death). PI, propidium iodide. (M, N) Western bolt was used to detect the changes of 
apoptosis molecules in GC cells with different FGFR4 genotypes before and after OXA addition. *p < 0.05.
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in Gly388- and Arg388-transfected cells, while the effect of  
inhibiting EMT on Arg388 variant was significantly stronger 
than that of Gly388 allele (Fig. 5C). Notably, similar results 
were shown in BGC803 cells (Fig. 4D). These results con-
firmed that FGFR4-Arg388 induced EMT could be reduced 
by STAT3 pathway obstruction.

Discussion

The presence of the FGFR4-Arg388 variant correlated with 
higher tumor stage (T3+T4) in clinical GC samples (p=0.047). 
The results indicated that the FGFR4-Arg388 variant might 
accelerate the progression of GC. Serra  et al. [22] discovered 
that FGFR4-Arg388 variant promoted tumor progression by 
increasing peritoneal spread and the growth of metastatic  
lesions in the liver in the pancreatic endocrine tumor mouse 
model transfected with FGFR4-Gly388 or Arg388. This may be 
one of the reasons that the FGFR4-Arg388 variant influenced 
the progression of GC. Our research found that the overall 
survival (OS) of GC patients with FGFR4-Arg388 variant was 

worse than that of FGFR4-Gly388 patients (p=0.033). Quinta-
nal-Villalonga et al. [16,23]. indicated that the presence of the 
FGFR4-Arg388 variant is associated with poorer prognosis in 
clinical non-small cell lung cancer samples and lung squamous 
cell carcinoma samples. Multivariate analysis supported the  
independent prognostic role of the FGFR4-Arg388 variant in 
OS [16,23]. Similar results were found FGFR4-Arg388 variant 
had a predictive role in the response of esophageal cancer  
patients to chemoradiotherapy with a worse trend for OS 
than Gly388 in the early stages [24]. Immunohistochemis-
try results demonstrated that the expression of Vim, STAT3, 
and p-STAT3 in FGFR4-Arg388 group was significantly 
higher than that in Gly388 allele, suggesting that the bio-
logical behavior was more aggressively in GC patients with 
high expression of FGFR4-Arg388, who might be suitable to  
undergo the chemotherapy after surgery. This may be an  
explanation that tumor stage was higher and OS was low-
er in GC patients with FGFR4-Arg388 comparing to that in 
Gly388 group. 

Our previous studies have found that overexpression of 
FGFR4 continued to increase the infiltration and prolifera-

Fig. 5.  The mechanism of fibroblast growth factor receptor 4 (FGFR4)-Arg388 influencing the oncogenic properties of gastric cancer cells. 
(A, B) Western blot detection of the expression of related molecules including FGFR4, signal pathway (STAT3), and epithelial to mesen-
chymal transition (E-cadherin and vimentin) in SGC7901 and BGC803 cells with different FGFR4 genotypes (mock, normal control [NC], 
Gly388, and Arg388). (C, D) The changes of related molecules between overexpression Gly388- and Arg388-transfected cells were detected, 
when cells were incubated with the Jak2 inhibitor AG490 to block STAT3 activation.
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tion capacity of GC cells [2]. More importantly, in the present 
study we focus on comparing the differences in tumor carci-
nogenic behavior between the two types of overexpression 
FGFR4 genotypes. Our function assays in vitro revealed that 
the proliferation, invasion and migration abilities of SGC7901 
and BGC803 cells with FGFR4-Arg388 were much stronger 
than those in FGFR4-Gly388 cells, indicating that the FGFR4 
might increase the malignancy of GC cells, which confirmed 
once again the previous findings. FGFR4 gene could acceler-
ate progression of GC [2]. Similar results were discovered in 
colorectal cancer by Cho et al. [15]. 

The proliferation ability of SGC7901 and BGC803 cells 
with FGFR4-Gly388, Arg388, mock, and NC was significant-
ly weakened when dealt with by different concentration of 
OXA. Transfection groups had significantly higher IC50 than 
the mock and NC groups, and the Arg388-transfected group 
had a higher IC50 than Gly388-transfected group, which sug-
gested that overexpression of FGFR4 was resistant to OXA, 
whereas FGFR4-Arg388 variant was more effective. This con- 
clusion was confirmed by the apoptosis assay that the apo-
ptosis rates of Arg388-transfected group were markedly  
decreased in SGC7901 and BGC803 cells treated with the sin-
gle concentration of OXA compared with others. In molecu-
lar level, the expression of caspase-3 and cleaved caspase-3 
obviously weakened in Arg388 group treated with OXA, 
which supported the results of apoptosis assay. Our former 
studies have found that FGFR4 overexpression can weaken 
the effects of 5-fluorouracil, BGJ398 (an inhibitor of FGFR4), 
and PD173074 (an inhibitor of FGFR4) [2,3]. This study  
reconfirms the role of FGFR4 to weaken the effects of OXA, 
a novel clinical chemotherapy drug. Gao et al. [25] showed 
that inhibition of FGFR4 signaling significantly overcomes 
sorafenib resistance in hepatocellular carcinoma. Serra et al.  
[22] showed that unlike FGFR4-Gly388, FGFR4-Arg388  
tumors exhibited diminished responsiveness to everolimus 
(an inhibitor of mammalian target of rapamycin signal). 
Few studies have been conducted on resistance of FGFR4  
Gly388Arg polymorphisms to chemotherapeutic drugs, whi-
le we found that FGFR4-Arg388 variant was indeed resistant 
to OXA compared with Gly388 allele. 

Studies have revealed that the FGFR4-Arg388 variant can 
induce EMT [15,16], activating the STAT3 signaling pathway 
by promoting phosphorylation of STAT3 [13]. Therefore, we 
explored the correlation between FGFR4 Gly388Arg poly-
morphism and EMT as well as STAT3 signaling pathways 
in GC. The results of western blot showed the expression of 
STAT3 was obviously increased in Gly388- and Arg388-trans-
fected cells. The expression of p-STAT3 was substantially  
increased in Arg388-transfected cells when compared with 
other three groups, while there was no difference in expres-
sion of STAT3 between Gly388- and Arg388-transfected gro- 
ups. Immunohistochemical results showed that the expres-
sions of p-STAT3 were relatively higher in Arg388 GC pati-

ents, which were in accordance with western bolt results. 
This suggests that the FGFR4-Arg388 variant affects the 
STAT3 signaling pathway, possibly increasing the phospho-
rylation of STAT3. Ezzat et al. [6] showed that FGFR4-Arg388 
pituitary cells have higher mitochondrial STAT3 serine pho-
sphorylation driving basal and maximal oxygen consump-
tion rate than ones expressing the more common FGFR4-
Gly388 allele. This phenomenon may be ascribed to that 
FGFR4-Arg388 can expose a proximal STAT3 binding site 
[12]. A large number of studies have found STAT3 activation 
was involved in regulating expression of apoptosis genes, 
yet continuous activation of STAT3 signaling would grant 
resistance to apoptosis in breast cancer cells [26,27]. FGFR4-
Arg388 variant could activate STAT3 signal, which may be 
the reason why Arg388 had the least apoptosis of GC cells 
treated with OXA. 

Western bolt showed there was a higher expression of 
Vim and lower expression of E-cad in FGFR4-Arg388 group, 
which suggested that Arg388 variant may induce EMT.  
Elevated Vim protein levels and reduced E-cad protein lev-
els are usually associated with cancer cell metastasis and the 
EMT process. Cho et al. [15] had similar findings in colorectal 
cancer that FGFR4-Arg388 could induce EMT. Quintanal-Vil-
lalonga et al. [16] found that the poorer prognostic role of this 
FGFR4-Arg388 variant in lung cancer may be mediated by 
the induction of N-cadherin expression (an EMT molecular). 
The relationship between FGFR4-Arg388 and E-cad showed 
differences in immunohistochemistry and western blot  
results, possibly due to the small number of clinical cases 
leading to false positive or negative results in immunohis-
tochemistry. 

Plenty of studies have found that constitutive STAT3  
expression promoted and sustained the EMT phenotype  
[28-30]. Meanwhile, we found that FGFR4-Arg388 was sub-
stantially correlated with the molecules of EMT and STAT3 
signal. Thus, we proposed a hypothesis that FGFR4-Arg388, 
STAT3, and EMT make up a functional signal axis that regu-
lates carcinogenesis of GC and inhibition of FGFR4-Arg388/
STAT3/EMT signal axis was possible to reverse the EMT. 
After final verification, the activation of STAT3 inhibited by 
AG490 increased the expression of E-cad and decreased the 
expression of Vim, indicating that the inhibition of STAT3  
attenuated the process of EMT. Finally, it can be understood 
that blocking this signal axis can reverse the EMT process. We 
also found AG490 inhibits overexpression of FGFR4-Arg388 
variant induced EMT more significantly than Gly388 allele, 
which could be due to FGFR4-Arg388 promotes STAT3 phos-
phorylation more effectively [6,12]. It is worth further exp-
lore the exact mechanisms involved FGFR4-Arg388/STAT3 
/EMT regulating the biological function of tumor cells. 

Collectively, this study elucidated the role of FGFR4-
Arg388 variant in GC, and emphasized the probability of this 
SNP as potential therapeutic targets. FGFR4-Arg388 variant 
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was linked to poor prognosis of GC patients. FGFR4-Arg388 
variant increased proliferation and invasion GC cells, weak-
ening the effects of OXA. The exploration mechanism may be 
through FGFR4-Arg388/STAT3/EMT axis regulating pivotal 
oncogenic properties of GC cells. 
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Purpose
Microsatellite instability (MSI) status may affect the efficacy of adjuvant chemotherapy in 
gastric cancer. In this study, the clinical characteristics of MSI-high (MSI-H) gastric cancer 
and the predictive value of MSI-H for adjuvant chemotherapy in large cohorts of gastric 
cancer patients were evaluated. 

Materials and Methods
This study consisted of two cohorts. Cohort 1 included gastric cancer patients who received 
curative resection with pathologic stage IB-IIIC. Cohort 2 included patients with MSI-H gas-
tric cancer who received curative resection with pathologic stage II/III. MSI was examined 
using two mononucleotide markers and three dinucleotide markers.   

Results
Of 359 patients (cohort 1), 41 patients (11.4%) had MSI-H. MSI-H tumors were more fre-
quently identified in older patients (p < 0.001), other histology than poorly cohesive, signet 
ring cell type (p=0.005), intestinal type (p=0.028), lower third tumor location (p=0.005), 
and absent perineural invasion (p=0.027). MSI-H status has a tendency of better disease-
free survival (DFS) and overall survival (OS) in multivariable analyses (hazard ratio [HR], 
0.4; p=0.059 and HR, 0.4; p=0.063, respectively). In the analysis of 162 MSI-H patients 
(cohort 2), adjuvant chemotherapy showed a significant benefit with respect to longer DFS 
and OS (p=0.047 and p=0.043, respectively). In multivariable analysis, adjuvant chemo-
therapy improved DFS (HR, 0.4; p=0.040). 
Conclusion
MSI-H gastric cancer had distinct clinicopathologic findings. Even in MSI-H gastric cancer 
of retrospective cohort, adjuvant chemotherapy could show a survival benefit, which was 
in contrast to previous prospective studies and should be investigated in a further prospec-
tive trial.
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Introduction

Microsatellite instability (MSI) is characterized as the increa- 
sed rate of uncorrected replication errors at the simple repeat 
sequence caused by a DNA mismatch repair gene (MMR) 
defect [1,2]. MSI-high (MSI-H) results in accelerated muta-
tions in oncogenes and tumor suppressor genes and a phe-
notype of hypermutational status [3,4]. Tumor-specific neo-
peptides may be generated during MSI-H carcinogenesis. 

A protective role of lymphocytes against MSI-H colorectal 
cancer that prevents tumor metastasis was reported [5].  
Because of the immunologic aspect of MSI status, it was  
recently highlighted as a predictive marker in immunothera-
py. MSI-H tumors have been shown to benefit from immuno-
therapy, and anti–programmed death-1 antibody (pembroli-
zumab) has finally been approved by the U.S. Food and Drug 
Administration for the treatment of MSI-H tumors regardless 
of the tumor type [6,7]. 
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In an adjuvant setting, MSI-H could be a prognostic and 
predictive marker. In colorectal cancer, MSI-H tumor showed 
better prognosis than microsatellite stable (MSS)/MSI-low 
(MSI-L) tumors [8,9]. Patients with MSI-H colorectal cancer 
did not benefit from adjuvant chemotherapy. Particularly, 
adjuvant chemotherapy with 5-fluorouracil alone in patients 
with stage II colorectal cancer may be even worse than no  
adjuvant chemotherapy [8]. Therefore, adjuvant chemothera-
py with 5-fluorouracil alone in stage II colorectal cancer pati-
ents is not recommended by several guidelines [10,11].

In gastric cancer, adjuvant chemotherapy with capecitabine 
plus oxaliplatin or S1 has been proven to prolong survival  
after D2 resection of stage II/III gastric cancer in CLASSIC 
and ACTS-GC study [12,13]. MSI-H status is relatively com-
mon in gastric cancer and occurs in approximately 9% of sur-
gically resected gastric cancer [4,14-16]. In the CLASSIC trial, 
compared with the overall positive results, patients with MSI-
H gastric cancer did not experience any survival benefit from 
adjuvant chemotherapy [13,15]. Similarly, in the MAGIC trial, 
which evaluated the role of perioperative chemotherapy for 
resectable gastric cancer, MSI-H status had an improved prog-
nosis in the surgery-alone treatment arm, but a worse surviv-
al outcome in the chemotherapy-plus-surgery arm compared 
with an MSS/MSI-L [17,18]. A recently published paper of 
pooled individual patient data from four large randomized 
clinical trials conducted in patients with resectable gastric 
cancer (MAGIC [18], CLASSIC [13], ARTIST [19] which eval-
uated the concurrent irradiation with adjuvant chemotherapy 
[capecitabine plus cisplatin], and ITACA-S [20] which evalu-
ated an intensified combination chemotherapy schedule [fluo- 
rouracil plus leucovorin plus irinotecan followed by cisplatin 
plus docetaxel] compared with single-agent chemotherapy 
[fluorouracil plus leucovorin]) showed that patients with 
MSI-L/MSS gastric cancer benefited from chemotherapy plus  
surgery, but those with MSI-H gastric cancer did not [16]. 
However, in the CLASSIC and MAGIC trial, only 40 and 20  
patients had MSI-H tumors. In a pooled analysis of four 
clinical trials, 121 patients had MSI-H tumors, and just 33  
patients with MSI-H tumor who received surgery alone were 
included in the control group. Therefore, despite these results 
from randomized clinical trials and pooled analysis, there is 
limited statistical power for the use of MSI/MMR deficiency 
testing as a predictive marker for adjuvant chemotherapy in 
patients with curatively resected gastric cancer. 

Therefore, we evaluated the predictive value of MSI-H  
tumor for the benefit of adjuvant chemotherapy in large  
cohorts of gastric cancer patients. The clinical characteristics 
of MSI-H gastric cancer were also evaluated. 

 

Materials and Methods

1. Patients
This study consisted of two cohorts. In cohort 1, the clini-

cal features of MSI-H compared with MSS/MSI-L were ana-
lyzed. Cohort 1 included gastric cancer patients who received 
curative resection with pathologic stage IB-IIIC from Febru-
ary 2005 to January 2006 at Seoul National University Hospi-
tal (SNUH). Cohort 2 was used for the analysis of the efficacy 
of adjuvant chemotherapy in MSI-H gastric cancer. Cohort 
2 included patients with MSI-H gastric cancer who received 
curative resection with pathologic stage II/III from January 
2007 to February 2012 at Seoul National University Bundang 
Hospital (SNUBH) and from December 2004 to June 2012 at 
SNUH. MSI-H patients in cohort 1 were included in cohort 
2. Clinical data were retrieved from the medical records of 
patients. The American Joint Committee on Cancer (AJCC) 
7th edition was used. 

2. Test for MSI 
Genomic DNA of the formalin-fixed gastric cancer tissues 

was extracted using standard proteinase-K digestion and a 
phenol/chloroform procedure. MSI was examined using two 
mononucleotide markers: BAT 25 (located 4q12-13 KIT gene, 
intron 16, T25 repeat) and BAT 26 (located 2p22-21, hMSH2 
gene, exon5, A26 repeat) and three dinucleotide markers: 
DS123 (located 2p 16.3, CA repeat), D5S346 (located 5q22.2, 
CA repeat), and D17S250 (located 17q12, CA repeat). Poly-
merase chain reaction (PCR) reactions were conducted in 
10 µL reaction volumes with fluorescent dye 50-end labeled 
primers. PCR products were denatured in formamide for 2 
minutes at 95°C and electrophoresed on denaturing 8% pol-
yacrylamide sequencing gels. MSI status was analyzed using 
GeneScan software in an ABI 3100 sequencer (Foster City, 
CA). Tissue samples that exhibited abnormal band patterns 
were considered to indicate MSI. According to the number 
of markers displaying instability of each tumor, the tumors 
were divided into MSI-H, MSI-L, and MSS. MSI-H indicated 
instability in two or more of five markers. MSI-L indicated 
instability in one of five markers. MSS indicated there was no 
instability in the five markers [1]. 

3. Statistical analysis
The differences in clinicopathologic findings according to 

MSI status were evaluated using chi-square analysis. Disease-
free survival (DFS) was defined as the duration between the 
surgical operation and disease relapse, any cause of death  
before disease relapse, or the last follow-up. The event for DFS 
was defined as relapse and any cause of death. Overall sur- 
vival (OS) was measured from the surgical operation to the 
last follow-up or any cause of death. The event for OS was 
defined as any cause of death. The Kaplan-Meier method was  
used for survival analysis with the log-rank test. The Cox 
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proportional hazards regression model was used to calculate 
hazard ratio (HR) in univariable and multivariable analysis. 
All statistical analyses were performed using SPSS Statistics 
ver. 25 (IBM Corp., Armonk, NY).

4. Ethical statement
This study was conducted in accordance with the ethical 

standards of the Declaration of Helsinki and the national and 
international guidelines. This study was approved by the 
institutional review board at SNUBH (B-1207-164-107) and 

Table 1.  Characteristics of gastric cancer patients with MSS/MSI-L and MSI-H (cohort 1)

Characteristic
 MSS/MSI-L  MSI-H 

p-value
  

 (n=318, 88.6%) (n=41, 11.4%)

Age (yr) 
    Median (range) 60 (28-87)  
    < 70 269 (92.4) 22 (7.6) < 0.001
    ≥ 70 49 (72.1) 19 (27.9) 
Sex   
    Male 214 (90.7) 22 (9.3) 0.083
    Female 104 (84.6) 19 (15.4) 
Operation   
    Total gastrectomy 109 (93.2) 8 (6.8) 0.066
    Subtotal gastrectomy 191 (85.3) 33 (14.7) 
    Partial gastrectomy 17 (100) 0 ( 
    Whipple 1 (100) 0 ( 
Histology   
    Tubular, well to poorly differentiated  253 (86.9) 38 (13.1) 0.045
    Poorly cohesive, signet ring cell type 42 (100) 0 ( 
    Other histological variants 23 (88.5) 3 (11.5) 
Laurena)   
    Diffuse 126 (92.0) 11 (8.0) 0.028
    Intestinal 147 (84.0) 28 (16.0) 
    Mixed 42 (95.5) 2 (4.5) 
Location   
    Upper third 21 (100) 0 ( 0.005
    Mid third 169 (92.3) 14 (7.7) 
    Lower third 128 (82.6) 27 (17.4) 
Stage   
    Ib 65 (85.5) 11 (14.5) 0.285
    IIA 71 (85.5) 12 (14.5) 
    IIB 56 (90.3) 6 (9.7) 
    IIIA 36 (83.7) 7 (16.3) 
    IIIB 58 (95.1) 3 (4.9) 
    IIIC 32 (94.1) 2 (5.9) 
Lymphatic   
    Absent 127 (92.7) 10 (7.3) 0.054
    Present 191 (86.0) 31 (14.0) 
Venous   
    Absent 271 (88.0) 37 (12.0) 0.386
    Present 47 (92.2) 4 (7.8) 
Perineural   
    Absent 136 (84.5) 25 (15.5) 0.027
    Present 182 (91.9) 16 (8.1) 
Adjuvant chemotherapy   
    Not applied 143 (78.1) 40 (21.9) 0.113
    Applied 149 (84.7) 27 (15.3) 
Values are presented as number (%) unless otherwise indicated. a)Unknown patients (n=3).
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SNUH (H-1208-100-422) and acquired a waiver of informed 
consent.

Results

1. Characteristics of patients with MSI-H gastric cancer 
compared with MSS/MSI-L gastric cancer (cohort 1) 

Cohort 1 was analyzed to evaluate the characteristics of 
MSI-H gastric cancer patients who received curative gastrec-
tomy. A total of 731 patients with gastric cancer received the 
curative operation with D2 dissection. Among these patients, 
366 patients with stage IA were excluded. MSI data were 
available in 359 of 365 patients with stages IB-IIIC. Cohort 
1 consisted of these 359 patients (Table 1). MSI-H status was 
seen in 41 patients (11.4%) and was associated with older age 
(27.9% vs. 7.6%, p < 0.001), other histology than poorly cohe-
sive, signet ring cell type (p=0.045), Lauren’s intestinal type 
(16% vs. 8.0% of disuse type, p=0.028), and lower third tumor 
location (17.4% vs. 7.7% of mid-third location, p=0.005). In 
contrast, there were no patients who had MSI-H tumors with 
poorly cohesive, signet ring cell type (0/42, 0.0%). There was 
no significant correlation according to stage (p=0.285), lym-
phatic invasion (p=0.054), or venous invasion (p=0.386), but 
MSI-H was identified more frequently in absent perineural 
invasion (p=0.027).

 
2. Survival of patients with MSI-H gastric cancer compared 
with MSS/MSI-L gastric cancer (cohort 1)

In cohort 1, the median follow-up duration was 71.1 months  
after surgery. Univariable analysis between clinicopathologic 
factors and survival was done (S1 Table). Patients with MSI-
H gastric cancer had better 5-year DFS rate (83.2% vs. 65.5%, 
respectively; p=0.070) (Fig. 1A), and 5-year OS rate (84.4% vs. 
71.7%, respectively; p=0.091) (Fig. 1B) than those with MSS/
MSI-L, although there was not significant. In the multivari-
able analysis with MSI status, sex, age, World Health Organi-

zation histology, Lauren classification, tumor location, lym-
phatic invasion, venous invasion, perineural invasion, and 
the use of adjuvant chemotherapy, MSI-H status showed an 
better survival although there was not statistical significance 
(for DFS: HR, 0.4; 95% confidence interval [CI], 0.2 to 1.0; 
p=0.059; for OS: HR, 0.4; 95% CI, 0.2 to 1.0; p=0.063) (Table 2).

In terms of the role of adjuvant chemotherapy in MSS/
MSI-L tumors, patients with adjuvant chemotherapy had 
the prolonged survival (for DFS: p=0.176 and p < 0.001; for 
OS: p=0.225 and p < 0.001 in stage II and stage III, respec-
tively). However, in MSI-H tumors, patients with adjuvant 
chemotherapy did not show the prolonged survival because 
of small sample size (for DFS: p=0.439 and p=0.836; for OS: 
p=0.439 and p=0.933 in 18 patients with stage II and 12 stage 
III, respectively).

3. Characteristics of MSI-H gastric cancer patients (cohort 2)
We next evaluated the efficacy of adjuvant chemotherapy 

in more MSI-H gastric cancer patients who received a cura- 
tive gastrectomy (cohort 2). In total, 5,983 patients were 
screened who received a gastrectomy and an MSI test. Of 
these 5,983 patients, 578 patients (9.7%) were confirmed as 
MSI-H. Finally, 162 patients who underwent R0 resection, 
were diagnosed with pathologic stage II/III, and were a can-
didate for adjuvant chemotherapy were included in cohort 
2 (S2 Fig.). The baseline characteristics of these patients are 
shown in Table 3. In this cohort, 38.9% of patients were over 
70 years old, and 58% were male. Tumor location of the lower 
third was observed in 62.3%. Intestinal type was found in 
52.5%. All patients had MSI-H gastric cancer, and 69.8% of 
patients showed instability in all five MSI markers. Patho-
logic stage II and stage III were identified in 77 (47.5%) and 
85 (52.5%), respectively. Lymph invasion, vascular invasion, 
and perivascular invasion were identified in 77.8%, 15.4%, 
and 37.7%, respectively. In addition, 75 patients (46.3%) were 
not treated with adjuvant chemotherapy. Fluoropyrimidine 
treatment alone, such as S1 or uracil and tegafur/leucovorin, 

Fig. 1.  Disease-free survival (A) and overall survival (B) according to microsatellite instability (MSI) status. p-value calculated by a Kaplan-
Meier method. MSI-H, MSI-high; MSI-L, MSI-low; MSS, microsatellite stable.  
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was used in 42 patients (25.9%), whereas 40 patients (24.7%) 
were treated with fluoropyrimidine plus platinum, including 
5-fluorouracil plus cisplatin or capecitabine plus oxaliplatin. 
There was no difference in the use of adjuvant chemothera-
py by stage, but the application of adjuvant chemotherapy 
decreased significantly with age (p=0.521 and p < 0.001). 
Of the patients who were ≥ 80 years old, 81.8% did not  
receive chemotherapy. In contrast, 82.4% of the patients  

under 60 years old were treated with adjuvant chemothera-
py, and 51.0% received combination therapy with fluoropy-
rimidine and platinum (p < 0.001) (S3 Table). 

4. Survival according to adjuvant chemotherapy in MSI-H 
gastric cancer patients (cohort 2)

In cohort 2, the median follow-up duration was 87.9 
months after surgery. Median DFS and OS of all patients 

Table 2.  Multivariable analysis for disease-free survival and overall survival (cohort 1)

   Disease-free survival    Overall survival

Characteristic No.
 

Hazard
 95%   

Hazard
 95%   

  
ratio

 Confidence p-valuea) 
ratio

 Confidence p-valuea)

   interval   interval

MSI 
    MSS or MSI-L  318 1   1  
    MSI-H  41 0.4 0.2-1.0 0.059 0.4 0.2-1.0 0.063
Sex       
    Male  291 1   1  
    Female  68 0.5 0.3-0.9 0.010 0.6 0.4-1.0 0.051
Age (yr)       
    < 70  236 1   1  
    ≥ 70  123 1.6 0.9-2.6 0.091 1.9 1.1-3.3 0.017
Histology       
    Poorly cohesive, signet ring cell type  42 1   1  
    Other  317 1.1 0.7-1.7 0.779 0.9 0.5-1.4 0.535
Lauren       
    Diffuse  137 1   1  
    Intestinal  175 0.7 0.4-1.1 0.114 0.7 0.4-1.1 0.129
    Mixed  44 1.0 0.5-1.8 0.943 1.0 0.5-1.8 0.939
Location       
    Upper third  21 1   1  
    Mid third  183 1.0 0.4-2.5 0.943 3.0 0.7-12.4 0.135
    Lower third  155 1.1 0.4-2.8 0.844 3.7 0.9-15.6 0.073
Stage       
    Ib  76 1   1  
    II  145 2.8 1.0-7.5 0.044 4.1 1.2-14.2 0.025
    III  138 14.0 5.2-38.2 < 0.001 20.0 5.8-69.6 < 0.001
Lymphatic       
    Absent  137 1   1  
    Present  222 2.1 1.2-3.6 0.010 1.8 1.0-3.2 0.048
Venous       
    Absent  308 1   1  
    Present  51 2.5 1.6-3.9 < 0.001 2.5 1.6-4.0 < 0.001
Perineural       
    Absent  161 1   1  
    Present  198 1.1 0.7-1.7 0.722 1.1 0.7-1.8 0.734
Adjuvant chemotherapy       
    Not applied  183 1   1  
    Applied  176 0.4 0.3-0.7 < 0.001 0.5 0.3-0.8 0.005
MSI, microsatellite instability; MSS, microsatellite stable; MSI-L, MSI-low; MSI-H, MSI-high. a)The Cox proportional hazards regression 
model was used.
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were not reached. The result of univariable analysis between 
clinicopathologic factors and survival was shown in S4 Table. 
MSI-H patients treated with adjuvant chemotherapy showed 
longer DFS and OS than patients without chemotherapy 
(p=0.047 and p=0.043, respectively) (Fig. 2A and B). In MSI-H 
patients with stage II, this benefit of adjuvant chemotherapy 
was observed (p=0.001 in DFS, p=0.001 in OS) but not in MSI-
H patients with stage III (p=0.867 in DFS, p=0.840 in OS). In 
patients who received fluoropyrimidine alone, the 5-year 
DFS and OS rates were 87.0% and 94.8%, respectively, which 
were higher than in the no adjuvant chemotherapy group 
(5-year DFS rate, 72.9%; p=0.044 [Bonferroni-corrected]; 
5-year OS rate, 78.3%; p=0.022 [Bonferroni-corrected]) (Fig. 
2C and D). In the fluoropyrimidine plus platinum group, the 
5-year DFS and OS rates were 72.4% and 89.5%, respectively, 
which were not significantly different from the no adjuvant 
chemotherapy (p=0.880 [Bonferroni-corrected] and p=0.956 
[Bonferroni-corrected], respectively). In addition, multivari-
able analysis with clinically significant factors, such as sex, 
age, stage, lymphatic invasion, venous invasion, perineural 
invasion, Lauren classification, and adjuvant chemotherapy, 
indicated that adjuvant chemotherapy in MSI-H gastric can-
cer patients was a significant independent prognostic factor 
for DFS (HR, 0.4; 95% CI, 0.2 to 1.0; p=0.040) (Table 4). 

Discussion

In this study, the clinical features and predictive role of 
MSI-H for adjuvant chemotherapy were evaluated in curati- 
vely resected gastric cancer. MSI-H gastric cancer had a ten-
dency of better prognosis than MSS/MSI-L after curative  
resection. In terms of the efficacy of adjuvant chemotherapy in 
MSI-H tumors, patients who received adjuvant chemothera-
py could experience longer survival than those without adju- 
vant chemotherapy. Particularly, even adjuvant chemothera-
py with fluoropyrimidine alone showed better survival than 
without adjuvant chemotherapy.

The clinical characteristics of MSI-H in curatively resect-
ed gastric cancer were distinctive from MSS/MSI-L. MSI-H  
tumor was diagnosed more frequently in older patients. In 
addition, MSI-H tumor was more common in patients with 
the intestinal type, other histology than poorly cohesive, sig-
net ring cell type, and lower third tumor location. These find-
ings were in accordance with previous studies [14,16]. In this 
study, MSI-H tumor was associated with present lymphatic 
invasion and absent perineural invasion. MSI was not cor-
related with early-stage cancers. This could be attributed to 
the exclusion of IA stage patients. In a previous study that  
included stage IA patients, MSI was observed more frequent-
ly in stage I (64.1%; T1, 44.1%; N0, 63.5%). Among stage II/III 
that were candidates for adjuvant chemotherapy, MSI-H was 
not observed frequently in earlier stage tumors [16].  

Table 3.  Characteristics of gastric cancer patients with MSI-H 
(cohort 2)

Characteristic No. (%) (n=162)

Age (yr)
    Median (range) 66.5 (37-95)
    ≤ 59 55 (34.0)
    60-69 44 (27.2)
    70-79 52 (32.1)
    ≥ 80 11 (6.8)
Sex 
    Male 94 (58.0)
    Female 68 (42.0)
Tumor location 
    Upper third 16 (9.9)
    Mid third 41 (25.3)
    Lower third 101 (62.3)
    Whole 4 (2.5)
WHO classification 
    Tubular, well differentiated 1 (0.6)
    Tubular, moderately differentiated 77 (47.5)
    Tubular, poorly differentiated 71 (43.8)
    Other histological variants 13 (8.0)
Lauren classification 
    Diffuse 50 (30.9)
    Intestinal  85 (52.5)
    Mixed 27 (16.7)
Instable microsatellite marker 
    2 18 (11.1)
    3 2 (1.2)
    4 29 (17.9)
    5 113 (69.8)
Pathologic stage 
    IIA 19 (11.7)
    IIB 58 (35.8)
    IIIA 43 (26.5)
    IIIB 27 (16.7)
    IIIC 15 (9.3)
Lymphatic invasion 
    Absent 36 (22.2)
    Present 126 (77.8)
Venous invasion 
    Absent 137 (84.6)
    Present 25 (15.4)
Perineural invasion 
    Absent 101 (62.3)
    Present 61 (37.7)
Adjuvant chemotherapy 
    No adjuvant therapy 75 (46.3)
    Fluoropyrimidine alone (S1, UFTE/LV)  42 (25.9)
    Fluoropyrimidine plus platinum (FP, XELOX) 40 (24.7)
    Unknown 5 (3.1)
MSI-H, microsatellite instability-high; WHO, World Health  
Organization; UFTE, uracil and tegafur; LV, leucovorin.
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MSI-H may be identified in just 7%-9% of resectable gas-
tric cancers [14,16]. In the early stage that is not a candidate 
for adjuvant chemotherapy, MSI-H might be more frequent-
ly identified. Therefore, evaluation of the efficacy of adju-
vant chemotherapy in MSI-H should be limited due to the 
small sample size. In previous studies related to the effects 
of adjuvant chemotherapy in MSI-H gastric cancer, only 40 
and 20 MSI-H patients from the CLASSIC and the MAGIC 
study were included [15,17]. Just 33 MSI-H patients who 
received surgery alone and 88 patients with MSI-H tumor 
who received preoperative or adjuvant chemotherapy were  
included in the pooled analysis of four randomized trials [16]. 
In a retrospective study of a large cohort of 1,990 patients, 
just 54 patients with stage II/III were included for analysis 
of 5-fluorouracil adjuvant chemotherapy [14]. These studies 
demonstrated that MSI-H tumors did not benefit from adju-
vant chemotherapy compared with MSS/MSI-L. However, 
due to small sample sizes, the use of these results to guide 
the application of adjuvant chemotherapy according to MSI 
status is limited. Although our study had a limitation due 
to its retrospective design, the population that was analyzed  
included 162 pathologic stage II/II patients with MSI-H  

tumor who were a candidate for adjuvant chemotherapy. 
This sample size was much larger than in previous studies. In 
contrast to previous studies, adjuvant chemotherapy could 
prolong the survival of patients, even in MSI-H gastric can-
cer. The efficacy of adjuvant chemotherapy in MSI-H patients 
could be an important clinical issue considering that MSI-H is 
more prevalent in older patients and those with an early stage 
of the disease. Therefore, this controversial result should be  
investigated in a further prospective study. Additionally,  
adjuvant chemotherapy with fluoropyrimidine alone sho- 
wed a benefit in terms of survival, but fluoropyrimidine 
and platinum combination did not show better survival as 
an adjuvant therapy significantly. There was not significant 
effect of adjuvant chemotherapy in stage III in which more 
fluoropyrimidine and platinum combination was applied. 
Based on these findings of our study, platinum could be  
assumed to have a detrimental effect in MSI-H gastric cancer. 
In most previous studies related with adjuvant therapy in 
MSI-H gastric cancer, fluoropyrimidine and platinum com-
bination was used. Fluoropyrimidine alone as an adjuvant 
chemotherapy in MIS-H gastric cancer was not evaluated. 
Therefore, adjuvant effect of fluoropyrimidine alone in MSI-

Fig. 2.  Survival according to adjuvant chemotherapy in microsatellite instability–high gastric cancer. Bonferroni-corrected p-values, calcu-
lated by a Kaplan-Meier method. (A) Disease-free survival according to adjuvant chemotherapy. (B) Overall survival according to adjuvant 
chemotherapy. (C) Disease-free survival according to chemotherapy regimen. (D) Overall survival according to chemotherapy regimen.
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H gastric cancer should be also evaluated in a further study.
In cases of MSI-H colorectal cancers, adjuvant chemo-

therapy with 5-fluorouracil alone may even have a detri-
mental effect on survival [8]. Therefore, recent guidelines do 
not recommend adjuvant chemotherapy with 5-fluorouracil 
alone in patients with MSI-H colorectal cancer [10,11]. How-
ever, it was reported that adding oxaliplatin could overcome 
this detrimental effect of 5-fluorouracil on patient survival 
in MSI-H colorectal cancers and that MSI-H alone did not  
affect survival in the case of adding oxaliplatin to treat stage 
III patients [21-24]. Inversely, in our study, adjuvant chem-
otherapy with fluoropyrimidine alone showed a benefit 
in terms of survival, which was different from the results  
obtained in colorectal cancer patients. It was reported that 
MSI status did not influence the survival of patients treat-
ed with 5-fluorouracil and the in vitro antitumor activity of 
5-fluorouracil in gastric cancer cells [25]. This difference bet- 
ween gastric cancer and colorectal cancer could be attribut-
ed to the biologic differences of MSI-H according to tumor 
type [26]. In our analysis for mutational profiles of MSI-H 

gastric and colorectal cancers from The Cancer Genome  
Atlas database, the mutational profile was different between 
gastric cancer and colon cancer (S5 Fig.). MSI-H colon cancer 
showed an increased rate of BRAF mutations compared with 
MSI-H gastric cancer (55% vs. 22%), but MSI-H gastric can-
cer exhibited more ARID1A, KMT2D, and RNF43 mutations 
than MSI-H colon cancer (S5 Fig.).

In conclusion, MSI-H tumor in patients with curatively  
resected gastric cancer had distinct characteristics with older 
age, intestinal type, other histology than poorly cohesive, 
signet ring cell type, lower third location, and absent peri-
neural invasion. MSI-H could be a better prognostic marker 
in curatively resected gastric cancer. In MSI-H gastric can-
cer, adjuvant chemotherapy could show a survival benefit, 
which was in contrast to previous prospective studies and 
should be investigated in a further prospective trial.

Electronic Supplementary Material
Supplementary materials are available at Cancer Research and 

Treatment website (https://www.e-crt.org).

Table 4.  Multivariable analysis for disease-free survival and overall survival (cohort 2)

   Disease-free survival    Overall survival

Characteristic No.
 

Hazard
 95%   

Hazard
 95%   

  
ratio

 Confidence p-valuea) 
ratio

 Confidence p-valuea)

   interval   interval

Sex 
    Male  94 1   1  
    Female  68 0.9 0.4-2.1 0.939 0.9 0.4-1.8 0.685
Age (yr)       
    < 70  99 1   1  
    ≥ 70  63 1.1 0.5-2.5 0.771 2.4 1.1-5.3 0.028
Lauren       
    Diffuse  50 1   1  
    Intestinal  85 0.7 0.3-1.5 0.319 0.7 0.3-1.6 0.443
    Mixed  27 0.4 0.1-1.5 0.166 0.3 0.1-1.2 0.076
Lymphatic invasion       
    Absent  36 1   1  
    Present  126 2.1 0.7-6.6 0.184 0.9 0.4-2.3 0.898
Venous invasion       
    Absent  137 1   1  
    Present  25 5.6 2.4-12.8 < 0.001 2.0 0.8-4.9 0.141
Perineural invasion       
    Absent  101 1   1  
    Present  61 1.0 0.5-2.1 0.948 1.0 0.5-2.1 0.960
Stage       
    II  77 1   1  
    III  85 2.1 0.9-4.9 0.077 1.3 0.6-2.7 0.553
Adjuvant chemotherapy       
    No adjuvant therapy  75 1   1  
    Adjuvant chemotherapy  82 0.4 0.2-1.0 0.040 0.7 0.3-1.5 0.327
a)The Cox proportional hazards regression model was used.
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Purpose
In pulmonary oligometastases from colorectal cancer (POM-CRC), the primarily recom-
mended local therapy is metastasectomy. Stereotactic body radiotherapy (SBRT) is another 
local therapy modality that is considered as an alternative option in patients who cannot 
undergo surgery. The purpose of this meta-analysis is to demonstrate the effects of SBRT 
on POM-CRC by integrating the relevant studies.  

Materials and Methods
The authors explored MEDLINE, EMBASE, Cochrane Library, Web of Science, and SCOPUS, 
and selected studies including patients treated with SBRT for POM-CRC and availability of 
local control (LC) or overall survival (OS) rate. In this meta-analysis, the effect of SBRT was 
presented in the form of the LC and OS rates for 1, 2, 3, and 5 years after SBRT as pooled 
estimates, and the frequency of pulmonary toxicity of grade 3 or higher after SBRT (PTG3-
SBRT). 

Results
Fourteen full texts among the searched 4,984 studies were the objects of this meta-analy-
sis. The overall number of POM-CRC patients was 495 as per the integration of 14 studies. 
The pooled estimate LC rate at 1, 2, 3, and 5 years after SBRT was 81.0%, 71.5%, 56.0%, 
and 61.8%, and the OS rate was 86.9%, 70.1%, 57.9%, and 43.0%, respectively. The LC 
and OS rates gradually declined until 3 years after SBRT in a similar pattern. Among the 14 
studies, only two studies reported PTG3-SBRT as 2.2% and 10.8%, respectively. 

Conclusion
For POM-CRC, SBRT is an ablative therapy with a benefit on LC and OS rates and less ad-
verse effects on the lung. 

Key words
Colorectal neoplasms, Lung metastasis, Radiosurgery, Meta-analysis
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Introduction

The limited number of metastatic tumors occurring at res-
tricted sites are termed as oligometastases (OM). OM is an 
intermediate state of tumors, between widespread and local-
ized, and implies the applicability of local therapy [1]. Unfor-

tunately, colorectal cancer (CRC) recurs in more than half of 
patients even after definitive radical surgery [2,3]. In such  
patients, CRC recurs frequently in the form of OM in the liver 
and lung [4,5]. In patients with pulmonary OM from CRC 
(POM-CRC), metastasectomy along with systemic therapy 
leads to improvement in survival outcomes [6-10]. National 
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Comprehensive Cancer Network (NCCN) and European  
Society for Medical Oncology (ESMO) groups also recom-
mend metastasectomy as an ablative therapy for POM-CRC 
[11-13]. 

Patients with metastatic cancer often refuse surgery or are 
medically or surgically inoperable. Stereotactic body radio-
therapy (SBRT) can be an alternative ablative option for  
metastasectomy because it allows precise irradiation to lesions  
and minimal radiation exposure to surrounding normal tis-
sues. The NCCN and ESMO groups also recommend SBRT 
as an alternative treatment modality for OM patients who are  
incapable of undergoing surgery. To present the effects of 
SBRT for POM-CRC, several studies with various publication 
types including original study, systematic review, and meta-
analysis have been published [14,15]. Although previous 
studies have shown excellent tumor control ability of SBRT, 
physicians still do not have a clear reason to choose SBRT 
over surgery for POM-CRC patients. To directly or indirectly 
compare the treatment effect of surgery and SBRT, it is impor- 
tant to investigate the overall survival (OS) after SBRT in  
detail based on every year and to grasp the association bet-
ween local control (LC) and OS rate. 

This meta-analysis aimed to investigate the LC and OS 
rates of POM-CRC patients after SBRT serially at yearly time 
points and to investigate the relationship between them. The 
other goal was to investigate the frequency of pulmonary tox-
icity of grade 3 or higher after SBRT (PTG3-SBRT). 

 

Materials and Methods

1. Search strategy
A meta-analysis was performed in compliance with ‘the  

Preferred Reporting Items for Systematic Review and Meta- 
Analysis (PRISMA)’ guidelines [16]. The protocol of this 
meta-analysis has been submitted to The International pro- 
spective register of systematic reviews (PROSPERO) (CRD-
42020164111) [17]. 

To establish a strategy to find all studies that could be the 
subject of this meta-analysis as a study that applied SBRT as 
a local therapy to patients with POM-CRC and observed its 
outcome, appropriate search terms were selected. The words 
and phrases chosen were lung, pulmonary, metastasis, recur-
rence, colorectal, colon, sigmoid, rectal, cancer, carcinoma, 
tumor, neoplasm, radiosurgery, stereotactic body radiothera-
py, stereotactic radiotherapy, stereotactic ablative radiothera-
py, stereotactic radiosurgery, SBRT, stereotactic radiotherapy, 
and stereotactic ablative radiotherapy. While performing for 
relevant studies, the publication date chosen was from data-
base inception to September 3, 2019. MEDLINE, EMBASE, 
Cochrane Library, Web of Science, and SCOPUS were the 
online databases used. Other bibliographies, such as refer-
ence lists and gray literature were also examined. There was 

no limitation with regard to publication date or language. 
EndNote X9.2 was the software used to handle the searched 
studies [18]. 

2. Study selection  
For this meta-analysis, the following inclusion criteria 

were set: original researches, studies having information 
about CRC as primary cancer and pulmonary metastasis as 
OM, and studies providing information on at least one of LC 
and OS rates. The studies that included patients with concur-
rent uncontrolled extrathoracic metastasis when performing 
SBRT were excluded because it can significantly affect sur-
vival. If there were multiple reports from an institution and 
it seemed that the patient samplings included the same pati-
ents, only one study was left by applying the following pri-
ority principle: single topic, more sampling of patients, and 
more up-to-date study. 

The searched data was sent to EndNote X9.2. Immediately 
after the sending, the automatic check function of EndNote 
removed duplicated studies. After removing the duplicated 
studies, the initial screening process of the searched data 
was embarked. In the initial screening process, the studies 
with irrelevant subjects were removed using titles and abs-
tracts. The studies filtered in the initial screening process 
entered into the second selection process. In this course, the 
researchers reviewed the full texts of the screened studies 
carefully and selected studies that suited the purpose of this 
meta-analysis. In this process, four reviewers (H.S. Choi, B.K. 
Jeong, I.B. Ha, and K.M. Kang) worked independently. For 
the disagreements that occurred between the four review-
ers, the authors reappraised the studies through discussion 
or consultation with other authors (H. Jeong and J.H. Song).

3. Data synthesis and analysis 
Information extracted from the selected studies was gen-

eral data (authors, publication years, study design, and OM 
definition), patient details (sample number, age, sex, tumor 
size, and follow-up duration), treatment profiles (SBRT dose, 
fractionation, and presence of concurrent chemotherapy) and 
outcome (LC rate, OS rate, and PTG3-SBRT).

For this meta-analysis, we used R ver. 3.5.3 (The R Founda-
tion for Statistical Computing, Vienna, Austria) [19]. LC and 
OS rates were extracted as effect sizes to calculate pooled esti-
mates at the time points of 1 year, 2 years, 3 years, and 5 years 
after SBRT for patients with POM-CRC. The selected studies 
were conducted on similar patients treated with standardized 
modalities and provided LC rate, OS rate, or both. Thus, we 
used a fixed-effects model for the meta-analysis as a predeter-
mined way on the viewpoint that heterogeneity did not seem 
clinically significant among the studies. The studies included 
in this meta-analysis adopted one of the Common Termi-
nology Criteria for Adverse Events (CTCAE) and Radiation 
Therapy Oncology Group (RTOG) scale to evaluate pulmo-
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nary toxicity. The frequency of PTG3-SBRT was reviewed.
A forest plot for each meta-analysis was generated to dis-

play the findings. For visual evaluation of heterogeneity, the 
forest plots were used. Cochrane’s Q and I2 were calculated 
for each analysis as statistical methods for measuring the het-
erogeneity. When the p-value of Cochran’s Q was less than 0.1 
or the I2 was more than 50%, heterogeneity was considered 
significant among the studies. 

Eventually, 14 studies were selected in this meta-analysis. 
The authors, however, should perform different meta-anal-
yses with recombination of the studies. The recombination 
was according to the types of outcomes and the time points 
of observation. As the number of studies incorporated in each 
meta-analysis was less than 10, evaluation of the publication 
bias was inappropriate in this review.

4. Quality assessment of literature
The Newcastle-Ottawa-Scale (NOS) is a checklist for asses-

sing the quality of literature in meta-analyses for non-rand-
omized studies [20]. In this meta-analysis, the cohort version 
NOS was used for quality assessment of the literature. When 
evaluating each of the finally selected studies as the NOS, 
two authors (H.S. Choi, O.Y. Kwon) independently evaluat-
ed and formed a consensus. The NOS for cohort studies con-
sists of nine items grouped into three dimensions: selection, 
comparability, and outcome. It uses a star system that assess-
es each item and gives one star if the study has the highest 
quality for that. The only item of comparability can have two 
stars as an exception. Therefore, the number of stars that each 

study can have in the evaluation by the NOS ranges between 
0-9. The NOS scores 7-9 refer to high-quality and 4-6 refer to 
medium quality.

Results

1. Identification of relevant studies
Using the initially set search strategy, we collected 4,984 

studies that could be the probable subject of research: 359 
from MEDLINE, 1,580 from EMBASE, 36 from Cochrane 
Library, 423 from Web of Science, 2,575 from SCOPUS, and 
11 from hand searching. Immediately after the collection, we 
excluded 821 duplicate studies. Through the initial screen-
ing process with the remaining 4,163 studies, 4,087 studies 
were eliminated from the data. Through the secondary selec-
tion process with the full texts of the remaining 76 studies, 62 
studies were excluded for the following reasons: not enough 
information for being aware of primary cancer and metastat-
ic sites (n=42), no outcome data (n=8), no SBRT (n=6), includ-
ing active extrathoracic metastasis (n=5), and no information 
about the sample number (n=1). Finally, 14 studies encom-
passing 495 patients with POM-CRC who underwent SBRT 
entered in this meta-analysis [21-34]. The process for study 
inclusion is presented in Fig. 1.  

2. Features of the included studies
As shown in Table 1, 14 studies were selected for this meta- 

analysis. The publication year of the studies was between 

Fig. 1.  Flow map for identification of relevant studies.

Studies identified from the database keywords and
bibliographies of relevant studies (n=4,984):

MEDLINE (n=359), EMBASE (n=1,580), 
Cochrane Library (n=36), Web of Science (n=423), 

SCOPUS (n=2,575), Hand searching (n=11)

Studies remaining after excluding duplicates (n=4,163)

Remaining studies (n=76), full text review

Finally selected studies (n=14)

Exclude duplicate studies (n=821)

Exclusion according to selection criteria (n=4,087)

Excluded (n=62)
- Not enough information for primary cancer and 
  metastatic sites (n=42)
- No outcome data (n=8)
- No stereotactic-body radiotherapy (n=6)
- Including active extra-thoracic metastasis (n=5)
- No information of sample number (n=1) 
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2009 and 2019. The design was retrospective in 11 studies 
and prospective in the other three studies. Six of 14 studies 
reported whether chemotherapy was concurrently given, 
during the SBRT period: a study [27] allowed concurrent 
chemotherapy in the study design; and the other five stud-
ies [22,26,28,33,34] excluded these patients from the analy-
sis. OM was defined based on the number of lesions in 11 of 

14 studies. The maximum allowable number of pulmonary  
lesions as OM in each study ranged from 1 to 5; the median 
was four. The median value of metastatic tumor size from 
five studies ranged from 1.0 to 2.1 cm; the median was 1.6 
cm. The median prescription doses of SBRT collected from 
eight studies were converted based on a biologically effective 
dose with an alpha/beta ratio of 10 (BED10). The median of 

Fig. 3.  Pooled estimates of overall survival rate at 1 year after stereotactic body radiotherapy [21,25,26,28-31,34]. CI, confidence interval.
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BED10 was 105.6 Gy and ranged from 93.6 to 180 Gy. For the 
finally selected 14 studies, the sample number varied from 
12 to 93 and the median was 34.5. The median age of patie-
nts from eight studies ranged from 54 to 70 years, and the  
median of the medians was 68.5 years. The median percent-
age of females was 35.5% (13.3%-66.0%) among the seven 
studies, which provided sex distribution. The median follow-
up duration in eight studies ranged from 9.2 to 42.8 months, 
and the median was 28.5 months.

The effect sizes of LC and OS rate at 1, 2, 3, and 5 years after 
SBRT were extracted from each primary study and shown 
in Table 2. The median rate of LC, at 1, 2, 3, and 5 years was 
80.0% (74.5%-92.3%, n=9), 74.0% (52.7%-92.3%, n=9), 66.0% 
(40.0%-75.0%, n=9), and 66.0% (56.2%-70.0%, n=3), respec-
tively. The median rate of OS at 1, 2, 3, and 5 years was 
88.4% (82.8%-100.0%, n=8), 73.0% (61.3%-92.3%, n=9), 59.3% 
(50.0%-66.7%, n=10), and 39.0% (34.0%-58.3%, n=5), respec-
tively. All the finally selected studies provided information 
on the frequency of PTG3-SBRT. As criteria for evaluating the 
toxicity of SBRT, the CTCAE was applied in 12 studies (ver. 
2.0 for one, ver. 3.0 for five, and ver. 4.0 for six) and the RTOG 
in one study. The remaining study did not provide informa-
tion about the criteria. There were two of 14 studies that pro-
vided information about PTG3-SBRT. In a study using the 
CTCAE as an evaluation tool, PTG3-SBRT occurred in 2.2% 
of patients [29]. Another study, which evaluated the toxicity 
based on RTOG, reported PTG3-SBRT as a dense radiograph-
ic appearance in 10.8% of patients, but all the patients were 
asymptomatic [28].

3. Pooled estimates
The pooled estimates of the LC and the OS rate at 1, 2, 

3, and 5 years after SBRT are shown in Table 3. Nine stud-
ies reported the LC rate at 1 year after SBRT, with a pooled  
estimate of 81.0% (95% confidence interval [CI], 77.8 to 83.8); 
for this, I2 was 21.1%, and Q-value was 10.13 (p=0.26). The 
estimate was 87.5% (95% CI, 81.6 to 91.7) in three prospective 
studies and 79.2% (95% CI, 75.5 to 82.6) in six retrospective 
studies in the subgroup analysis performed according to the 
study designs. The Q-value was 5.54 between the subgroups 
(p=0.019) and 4.59 within the subgroups (p=0.71) (Fig. 2). 
Combination of nine studies revealed the pooled estimate 
of the LC rate at 2 years after SBRT as 71.5% (95% CI, 67.9 
to 74.8), I2 was 37.9%, and Q-value was 12.88 (p=0.12). The 
pooled estimate was 77.0% (95% CI, 67.3 to 84.5) for two pro-
spective studies and 70.7% (95% CI, 66.8 to 74.3) for seven 
retrospective studies in the subgroup analysis. Q was 1.53 
(p=0.22) between the groups and 11.35 (p=0.12) within the 
groups. The pooled estimate at 3 years after SBRT was 56.0% 
(95% CI, 52.2 to 59.8) when collecting LC rates at 3 years  
after SBRT from 9 studies. I2 was 84.8% and Q-value was 52.72  
(p < 0.01) for this analysis. One of the nine studies was a pro-
spective study and eight were retrospective. While collecting 

three retrospective studies reporting LC at 5 years after SBRT, 
the pooled estimate, I2, and Q-value were 61.8% (95% CI, 54.6 
to 68.6), 34.8%, and 3.07 (p=0.22), respectively.

Eight out of 14 studies reported OS rate at 1 year after 
SBRT, and the pooled estimate, I2, and Q-value were 86.9% 
(95% CI, 83.0 to 90.0), 0.0%, and 6.28 (p=0.51), respectively 
(Fig. 3). In the subgroup analysis for the study design, the 
pooled estimate was 87.2% (95% CI, 78.8 to 92.6) for two pro-
spective studies out of the eight studies and 86.8% (95% CI, 
82.2 to 90.4) for the other six retrospective ones. Q was 0.01 
(p=0.92), between the subgroups and 6.27 (p=0.39) within the 
subgroups (Fig. 3). Nine studies reported OS rate at 2 years 
after SBRT. The pooled estimate was 70.1% (95% CI, 65.7 
to 74.2), I2 was 14.1%, and Q-value was 9.32 (p=0.32). The 
pooled estimate was 73.4% (95% CI, 66.1 to 79.6) for the three 
prospective studies out of the nine studies and 68.3% (95% 
CI, 62.7 to 73.4) for the other six retrospective ones. Q-value 
was 1.27 (p=0.26) between the subgroups and 8.04 (p=0.33) 
within the subgroups. Ten studies provided afforded OS rate 
at 3 years after SBRT. The pooled estimate was 57.9% (95% CI, 
53.5 to 62.2), I2 was 0.0%, and Q-value was 4.46 (p=0.88). For 
the subgroup analysis, the pooled estimate was 59.9% (95% 
CI, 49.8 to 69.3) for the two prospective studies out of the 10 
studies and 57.4% (95% CI, 52.5 to 62.2) for the other eight 
retrospective studies. Q-value was 0.19 (p=0.66) between the 
subgroups and was 4.27 (p=0.81) within the subgroups. The 
pooled OS rate was 43.0% (95% CI, 37.2 to 49.0) at 5 years 
after SBRT, and I2 was 46.4, and Q-value was 7.46 (p=0.11) as 
per the five retrospective studies.

A line graph showing the serial rates of LC and OS was 
created to observe the relation between them (Fig. 4). The 
trend line of LC showed a gradual decrease pattern until 
three years after the SBRT and no further decrease at five 
years after SBRT. Meanwhile, that of OS showed a continu-
ous decrease until five years after SBRT. Both the trend lines 
showed very similar changes up to 3 years after SBRT.

Fig. 4.  Local control and overall survival at 1, 2, 3, and 5 years 
after stereotactic body radiotherapy with trend lines.
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4. Study quality assessment
A star for the item ‘selection of the non-exposed cohort’ 

and ‘comparability’ for all studies while assessing the qual-
ity of primary studies could not be provided in this meta-
analysis through NOS due to the absence of controls in all 
the studies. In six studies, the follow-up period was less than 
2 years and it was judged that the periods were not suffi-
cient for observing the outcome and toxicity. A star could not 
be given for six studies for the item ‘length of outcome’ in 
NOS. As a result, six out of 14 studies subjected to this meta-
analysis received five stars in the NOS evaluation, and the 
remaining eight studies received six stars. Therefore, all sub-
jects of this meta-analysis had medium quality. The results of 
the assessment are provided in S1 Table.

Discussion

A meta-analysis was conducted by collecting 14 studies 
that reported the effect of SBRT for POM-CRC. Overall, 495 
patients were included in the study. The average number of 
metastatic lung lesions was 1.4 per patient, and the median 
prescription dose of SBRT for the POM-CRC was 105.6 Gy of 
BED10. The primary goal of this meta-analysis was to com-
bine LC and OS rates over time after SBRT for POM-CRC. 
The investigated time points were 1 year, 2 years, 3 years, 
and 5 years after SBRT. For each time points, the LC rate was 
81.0%, 71.5%, 56.0%, and 61.8%, respectively, and the OS rate 
was 86.9%, 70.1%, 57.9%, and 43.0%, respectively. A gradual 
decrease in the LC and OS rates was observed with a similar 
pattern from 1 year to 3 years after SBRT. However, after 3 
years, only the OS rate decreased and no change was obser-
ved in the LC rate. Only two studies reported PTG3-SBRT 
with a frequency of 2.2% and 10.8%, respectively. 

NCCN and ESMO groups prefer metastasectomy as an  
ablative therapy for POM-CRC and consider SBRT as anoth-
er option when surgery is not possible. Several retrospective 
studies have reported the effect of pulmonary metastasec-
tomy in POM-CRC patients with a 5-year OS rate of 32.4%-
43% [7-10]. A meta-analysis involving 25 retrospective stud-
ies reported the effects of lung metastasectomy in POM-CRC 
patients with OS rate as a range value and the 5-year OS rate 
as 27%-68% [6]. A randomized clinical trial demonstrated 
the effect of metastasectomy for POM-CRC, the research-
ers compared the outcome of patients between a group with 
metastasectomy plus chemotherapy, and chemotherapy only 
as controls. At five years after treatment, the estimated sur-
vival rate was 38% and 29% for the metastasectomy group 
and controls, respectively [35]. As the study was terminated 
prematurely with only 65 participants due to recruiting diffi-
culty, the data has weak evidence. Nonetheless, the informa-
tion helps to assess the meaning of the present meta-analysis. 
The present meta-analysis revealed that the 5-year survival 

rate was 43% among the POM-CRC patients treated with 
SBRT. Although most of the primary studies included in this 
meta-analysis included the patients whose conditions were 
too poor to endure the operation in their cohort, the effects of 
SBRT for POM-CRC seemed comparable to metastasectomy 
effects demonstrated by previous studies. The information 
provided by the present meta-analysis suggests a new per-
spective that the SBRT can be a valuable option as a primary 
treatment of POM-CRC.

Despite comparable treatment outcomes, there are several  
obstacles for selecting SBRT as the first choice of ablative 
therapy for POM-CRC. Compared to other primary cancers, 
the presence of numerous hypoxic cells may make POM-CRC 
more radioresistant [36]. Clinical studies on SBRT in POM-
CRC or POM from other primary cancers reported that the 
former had a lower LC rate after SBRT than the latter [33,37]. 
Nevertheless, it has become increasingly evident that higher 
radiation doses can surpass CRC radioresistance. A few stud-
ies have shown a significant benefit of the SBRT dose more 
than 100 Gy or 120 Gy (BED10) for the LC rate of POM-CRC 
[24,25,29]. Another study also found a dose-dependent effect  
of SBRT with BED10 more than 120 Gy for the OM that  
occurred in the liver, lymph nodes, and lung [23].

It is not clear if the LC derived by SBRT improves the sur-
vival rate in the POM-CRC patients [38]. Theoretically, SBRT, 
a local therapy method similar to surgery, can improve sur-
vival. The information provided by this meta-analysis pro-
vides a cue to get a solution to this issue. From yearly out-
come information to the third year after SBRT, the sequential 
changes in the LC and OS rates are similar. Accordingly, up 
to 3 years after SBRT, the LC derived from SBRT in POM-
CRC patients is hypothesized to have an association with 
the OS. Conversely, after 3 years, survival may be inhibited 
by other factors such as extrapulmonary metastases or the  
patient’s general condition than the POM control, so addi-
tional survival improvement could be obtained through  
appropriate systemic therapy with supportive care.

Lung lesions move concordantly with the breath of the 
patients. Therefore, when physicians use radiotherapy as 
a treatment modality of POM-CRC, there is a concern that 
it is difficult to irradiate the correct location on the lesion. 
However, advances in the SBRT technique have put forward 
more effective and less toxic treatment by delivering high  
radiation dose to the targets and stiff dose gradient between 
normal tissues. Our meta-analysis also showed that SBRT is 
a less toxic and safe treatment option. 

A previously reported systematic review gathered studies 
that investigated the effect of SBRT on POM-CRC without 
providing pooled estimates through meta-analysis [14]. Two 
previously reported meta-analyses investigated the effects 
of SBRT on POM-CRC. One of them presented pooled esti-
mates as the odds ratio of local failure [39]. The other meta-
analysis reported the LC, OS, and progression-free survival 
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rates after SBRT for POM-CRC [15]. Compared to informa-
tion provided by the previous studies, our meta-analysis has 
an additional strength. For consistent and comprehensive  
integration, the studies whose cohort included the patients 
having active metastatic lesions outside the lung were exclu-
ded. The pooled estimates of the LC and OS rates obtained 
through the integration of the present meta-analysis may 
make the outcome information of POM-CRC treated with 
SBRT clearer.

The compositions were identical among the 14 studies 
chosen for the present meta-analysis. The primary studies 
enrolled in the present meta-analysis seemed not to vary in 
their characteristics. First, from the time we selected the stud-
ies, the inclusion criteria were set to recruit studies with pos-
sible homogeneity. All the primary studies had data for the 
POM-CRC patients without metastatic lesions when treated 
with SBRT. In particular, the authors selected only the stud-
ies that used the standardized SBRT with breath correction 
without concurrent chemotherapy and only the studies that 
reported LC and OS as outcomes. After collecting the stud-
ies, it was also possible to discover that there was homoge-
neity somewhat, among the studies. The average age of the 
patients included in each study was similar. Eight studies 
were available to obtain information on average age, with 
a distribution of age 54-70. In six of these studies, the mean 
age of the patient group was 65 or older. The design of the 
study also showed a low degree of heterogeneity among the 
included studies. Of the 14 subjects, 11 had a retrospective 
design, and only three had a prospective design. The qual-
ity assessment of the literature evaluated by the NOS also 
revealed low heterogeneity. The NOS scores of all the 14  
research studies were 5-6 points, which was the medium 
quality. So, the authors presumed that the clinical heteroge-
neity was low and chose the fixed-effects model as a preset 
mode for the statistical method. The choice seemed appropri-
ate, as the heterogeneity was also weak in terms of statistical 

figures and forest plots. Just at three years after SBRT, the 
LC rate showed substantial heterogeneity with an I2 value of 
88%. Nevertheless, it seemed to be a statistical coincidence 
because the heterogeneities of other meta-analyses, includ-
ing the same studies, were low.

The present review has a limitation that most of the stud-
ies included in the meta-analysis were retrospective. Another 
limitation is that all the included studies lacked proper con-
trols. Since studies comparing the SBRT treatment group 
with the surgical treatment group or chemotherapy only 
group were not in the finally selected studies, it was diffi-
cult to demonstrate whether SBRT improved outcomes sta-
tistically. Such limitations may have originated in a clinical 
environment that is difficult for researchers to overcome. It 
would be challenging to envision randomized controlled 
studies, given the cancer patient’s right to choose the treat-
ment. Despite such difficulties, more reliable information 
could be obtained if additional prospective studies emerge 
added later, and scholars gather and meta-analyze them.

In conclusion, we demonstrated that SBRT has been useful 
for the treatment of POM-CRC throughout this meta-analy-
sis. This review demonstrates the relationship between LC 
and OS rates and the probable presence of a similar trend 
of gradual decrement up to 3 years after SBRT. Besides, this 
review shows that SBRT-related pulmonary toxicity might 
be acceptable for the treatment of POM-CRC. It is suggested 
that SBRT in POM-CRC could be an effective and safe abla-
tive therapy and option for metastasectomy.
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Purpose
The systemic inflammation response index (SIRI) has been reported to have prognostic 
ability in various solid tumors but has not been studied in gallbladder cancer (GBC). We 
aimed to determine its prognostic value in GBC.  

Materials and Methods
From 2003 to 2017, patients with confirmed GBC were recruited. To determine the SIRI’s 
optimal cutoff value, a time-dependent receiver operating characteristic curve was applied. 
Univariate and multivariate Cox analyses were performed for the recognition of significant 
factors. Then the cohort was randomly divided into the training and the validation set. A 
nomogram was constructed using the SIRI and other selected indicators in the training set, 
and compared with the TNM staging system. C-index, calibration plots, and decision curve 
analysis were performed to assess the nomogram’s clinical utility.  

Results
One hundred twenty-four patients were included. The SIRI’s optimal cutoff value divided 
patients into high (≥ 0.89) and low SIRI (< 0.89) groups. Kaplan-Meier curves according 
to SIRI levels were significantly different (p < 0.001). The high SIRI group tended to stay 
longer in hospital and lost more blood during surgery. SIRI, body mass index, weight loss, 
carbohydrate antigen 19-9, radical surgery, and TNM stage were combined to generate a 
nomogram (C-index, 0.821 in the training cohort, 0.828 in the validation cohort) that was 
significantly superior to the TNM staging system both in the training (C-index, 0.655) and 
validation cohort (C-index, 0.649). 

Conclusion
The SIRI is an independent predictor of prognosis in GBC. A nomogram based on the SIRI 
may help physicians to precisely stratify patients and implement individualized treatment.

Key words
Gallbladder neoplasms, Systemic inflammation response index (SIRI), Overall survival, 
Prognosis, Nomogram
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Introduction

Gallbladder cancer (GBC) is a relatively rare tumor type 
with a poor prognosis [1]. With surgical resection currently 
the only curative therapy, median survival is approximately 
25 months after curative resection according to a multicenter 
study in the United States conducted in 2016 [2]. It is also a 
significant source of mortality among countries in Asia and 
Latin America [3]. As Dr. Fortner and Pack stated in 1958, 
“the 5-year survival of a patient with GBC constitutes a medi-
cal curiosity” [4]. For many decades, physicians have been 
devoted to making more precise predictions of outcome for 
patients with GBC. To date, the TNM staging system, which 
was proposed by the American Joint Committee on Cancer 
(AJCC), remains the gold standard in cancer management 
[5]. However, other factors such as patients’ demographic 
features, symptoms, and laboratory test data may also have  
important effects on the prognosis of GBC patients, which 
will lead to great divergence in clinical outcome even in  
patients at the same TNM stage. Therefore, more accurate and 
reliable prognostic models for GBC are urgently required in 
clinical practice.

In cancer development and progression, the inflamma-
tory response is widely recognized as an important factor [6]. 
Some inflammation-based biomarkers, such as the platelet-
to-lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio 
(MLR), and neutrophil-to-lymphocyte ratio (NLR) have been 
proposed, and their potential to predict prognosis of GBC 
has been reported [7]. Recently, a novel inflammation-based 
biomarker combining peripheral monocytes, neutrophils, 
and lymphocytes count, named the systemic inflammation 
response index (SIRI), was proposed by Qi et al. [8], and 
shows good prognostic ability in some solid tumors includ-
ing pancreatic, gastric, esophageal, and nasopharyngeal can-
cer [9-11]. However, there is still no evidence demonstrating 
whether the SIRI can act as a prognostic indicator to precisely 
predict GBC patient outcome. Additionally, to the best of our 
knowledge, there is no prediction model that includes inflam-
mation-based biomarkers for GBC. 

Hence, the aims of our study were to investigate the SIRI’s 
prognostic value using our cohort of patients with GBC, and 
to construct a prognostic prediction model incorporating the 
SIRI and test its predictive accuracy.

 

Materials and Methods

1. Patients
From 1 December 2003 to 30 June 2017, a total of 124  

patients diagnosed as GBC with pathological confirmation 
after surgical resection at Peking Union Medical College 
Hospital (PUMCH) in Beijing, China, were retrospectively 
recruited to this study.

The inclusion criteria were described as follows: (1) GBC 
confirmed by histopathological examination as the primary 
diagnosis; (2) surgical resection for GBC performed; (3) rou-
tine blood test, serum tumor biomarker test, and infection 
test results measured within 7 days before surgery; and (4) 
complete clinicopathological information and postoperative 
follow-up data available. 

The exclusion criteria included: (1) lack of clear histo-
pathological diagnosis; (2) missing clinicopathological infor-
mation; (3) incomplete follow-up data; (4) other malignant  
tumors present; and (5) distant metastasis.

2. Data collection
Demographic and clinical information were manually  

reviewed from the medical records. We collected demogra-
phic data, symptoms such jaundice, fever, and weight loss, 
medical history including hypertension and diabetes, serum 
laboratory test results, physical examination findings, sur-
gical records, and histopathological reports retrospectively. 
The SIRI was defined as: SIRI=N×M/L, in which N, L, and M 
refer to peripheral counts of neutrophils, lymphocytes, and 
monocytes. Since preoperative inflammatory status could 
affect the results of the complete blood count and thus had 
effect on the value of the SIRI, we also collected patients’ 
preoperative inflammation status and antibiotics usage. We 
defined the combined inflammatory status as one of the fol-
lowing situations: (1) having acute inflammatory disease 
including acute pancreatitis, acute cholecystitis, or acute 
cholangitis at admission; (2) body temperature ≥ 37.3°C at 
admission with white blood cell (WBC) > 10×109/L. GBC 
stage and postoperative pathological TNM information were 
determined with the use of the AJCC 8th edition classifica-
tion system [12]. The maximal tumor size, tumor differen-
tiation grade, and incisional margins were judged based on 
observations made during surgery and the final histopatho-
logical reports. R0 resection was defined as microscopi-
cally negative incisional margins. And radical surgery was  
defined when the radical surgical protocols were carried out 
and R0 resection was achieved as well. The specific radical 
surgical protocols were determined by the preoperative stag-
ing, operative findings and the results of cryosection biopsy. 
In details, for patients at the stage Tis or T1a, simple chol-
ecystectomy was performed; for patients at the stage T1b 
or T2a or T2b, cholecystectomy with > 2 cm hepatic wedge 
resection were performed; for patients at the stage T3, most 
of them were received cholecystectomy with en bloc hepatic 
resection (segments IVB and V), and the other also received 
extra hemihepatectomy and/or bile duct excision; and for 
patients at the stage T4, extended radical resection including 
cholecystectomy, major hepatic resection, peripheral organ 
resection (omentum, stomach, duodenum, etc.) were per-
formed according to standard radical surgical procedures. 
For patients at the stage T1b or higher, regional lymphad-
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Table 1.  Baseline characteristics of all patients

Characteristic
 

Total
  High SIRI Low SIRI 

p-value
  (≥ 0.89) (< 0.89) 

Sex
    Male 69 (55.6) 34 (50.0) 35 (62.5) 0.204
    Female 55 (44.4) 34 (50.0) 21 (37.5) 
Age (yr)    
    ≤ 65 72 (58.1) 37 (54.4) 35 (62.5) 0.465
    > 65 52 (41.9) 31 (45.6) 21 (37.5) 
Jaundice    
    No 104 (83.9) 56 (82.4) 48 (85.7) 0.635
    Yes 20 (16.1) 12 (17.6) 8 (14.3) 
Fever    
    No 112 (90.3) 58 (85.3) 54 (96.4) 0.064
    Yes 12 (9.7) 10 (14.7) 2 (3.6) 
Fatigue    
    No 115 (92.7) 61 (89.7) 54 (96.4) 0.182
    Yes 9 (7.3) 7 (10.3) 2 (3.6) 
Weight loss    
    No 78 (62.9) 41 (60.3) 37 (66.1) 0.577
    Yes 46 (37.1) 27 (39.7) 19 (33.9) 
Gallstone    
    No 69 (55.6) 43 (63.2) 26 (46.4) 0.071
    Yes 55 (44.4) 25 (36.8) 30 (53.6) 
Hypertension    
    No 86 (69.4) 52 (76.5) 34 (60.7) 0.078
    Yes 38 (30.6) 16 (23.5) 22 (39.3) 
Diabetes    
    No 97 (78.2) 54 (79.4) 43 (76.8) 0.828
    Yes 27 (21.8) 14 (20.6) 13 (23.2) 
Combined inflammatory status    
    No 120 (96.8) 65 (95.6) 55 (98.2) 0.626
    Yes 4 (3.2) 3 (4.4) 1 (1.8) 
Preoperative antibiotics usage     
    No 116 (93.5) 62 (91.2) 54 (96.4) 0.292
    Yes 8 (6.5) 6 (8.8) 2 (3.6) 
BMI (kg/m2)    
    ≥ 24 56 (45.2) 29 (42.6) 27 (48.2) 0.589
    < 24 68 (54.8) 39 (57.4) 29 (51.8) 
CA19-9 (U/mL)    
    > 40 62 (50.0) 41 (60.3) 21 (37.5) 0.019
    ≥ 40 62 (50.0) 27 (39.7) 35 (62.5) 
Maximum tumor size (cm)  3.00 (1.77-4.85) 3.00 (1.87-5.00) 2.60 (1.60-4.50) 0.341
Histologic type    
    Adenocarcinoma  119 (96.0) 64 (94.1) 55 (98.2) 0.377
    Other 5 (4.0) 4 (5.9) 1 (1.8) 
Resection (R0)    
    No 43 (34.7) 33 (48.5) 10 (17.9) 0.001
    Yes 81 (65.3) 35 (51.5) 46 (82.1) 
Radical surgery    
    No 54 (43.5) 39 (57.4) 15 (26.8) 0.001
    Yes 70 (56.5) 29 (42.6) 41 (73.2) 
(Continued to the next page)
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enectomy was performed. Patients who received palliative 
surgery were based on one of the following reasons: (1)  
unresectable disease by operative findings; (2) comorbidity 
and aging, which could not bear the radical surgery; (3) false 
cryosection biopsy reports during operation; and (4) declined 
by the patient’s relatives. The purpose of the palliative sur-
gery was to clarify of diagnosis and relieve of the symptoms 
such as jaundice and abdominal pain. After discharge, all  
patients were regularly followed up. The last follow-up time 
and survival status were recorded. Overall survival (OS) was 
defined as the interval between the date of surgery and death 
or the last follow-up time. The last follow-up time was Feb-
ruary 2020. After screening, the inclusion criteria were met 
by 124 patients that were included afterwards.

3. Statistical analysis 
Categorical variables are presented as numbers and per-

centages, whereas continuous variables including the SIRI 
are presented by the median and first and third quartiles. 
Continuous variables such as body mass index (BMI) and 
carbohydrate antigen 19-9 (CA19-9) were transformed into 
categorical variables on the basis of routine cutoff values in 
the clinical application. The SIRI’s optimal cutoff value for 
OS was calculated by applying a time-dependent receiver 
operating characteristic (ROC) analysis. Survival curves were 
plotted through the Kaplan-Meier method. Log-rank test was 
used to compare the differences between subgroups. Based 
on the SIRI cutoff value, patients were divided into high SIRI 

and low SIRI group. The correlations between different SIRI 
groups and clinicopathological variables were analyzed by 
Mann-Whitney U tests or two-sample t tests for continuous 
variables based on its normality, and by Fisher exact tests or 
Pearson chi-square tests for categorical variables. 

Cox regression methodology was applied for univariate 
analysis. Variables with a p-value no more than 0.1 in univari-
ate analysis and other potential confounding variables (e.g., 
the combined inflammatory status and preoperative antibiot-
ics usage) were then subjected to the multivariate Cox pro-
portional hazard regression model. The independent prog-
nostic variables were selected according to the results of Cox 
proportional analyses. Then, we randomly divided the whole 
cohort into the nomogram development set and validation 
set in a proportion of 1:1. A prognostic nomogram was estab-
lished for predicting OS in the training cohort and Harrell’s 
concordance index (C-index) was used to measure the predic-
tive accuracy both in the training and the validation cohort. 
Validation was based on 1,000 bootstrap re-samplings. Nom-
ogram performance was evaluated using calibration plots. 
The prognostic nomogram was then compared with the tra-
ditional TNM staging system using the C-index and decision 
curve analysis both in the training and the validation cohort 
[13]. All statistical analyses were performed using SPSS ver. 
25.0 (IBM Corp., Armonk, NY) and R 3.6.2 software (Institute 
of Statistics and Mathematics, Vienna, Austria). A two-sided 
p-values < 0.05 were considered statistically significant.

Table 1.  Continued

Characteristic
 

Total
  High SIRI Low SIRI 

p-value
  (≥ 0.89) (< 0.89) 

Tumor differentiation
    G1 28 (22.6) 12 (17.6) 16 (28.6) 0.371
    G2 44 (35.5) 24 (35.3) 20 (35.7) 
    G3 37 (29.8) 24 (35.3) 13 (23.2) 
    Gx 15 (12.1) 8 (11.8) 7 (12.5) 
TNM stage    
    0 4 (3.2) 2 (2.9) 2 (3.6) 0.024
    I 11 (8.9) 2 (2.9) 9 (16.1) 
    IIA 12 (9.7) 5 (7.4) 7 (12.5) 
    IIB 2 (1.6) 1 (1.5) 1 (1.8) 
    IIIA 39 (31.5) 20 (29.4) 19 (33.9) 
    IIIB 41 (33.1) 26 (38.2) 15 (26.8) 
    IVA 4 (3.2) 2 (2.9) 2 (3.6) 
    IVB 11 (8.9) 10 (14.7) 1 (1.8) 
Follow-up (mo) 20.00 (7.75-34.00) 12.50 (6.00-29.50) 27.00 (16.25-48.25) 0.009
Death    
    No 45 (36.3) 17 (25.0) 28 (50.0) 0.005
    Yes 79 (63.7) 51 (75.0) 28 (50.0)  
Values are presented as number (%) or median (range). SIRI, systemic inflammation response index; BMI, body mass index; CA19-9, car-
bohydrate antigen 19-9; TNM, tumor-node-metastasis.
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4. Ethical statement
The study was approved by the Ethics Committee of 

PUMCH and CAMS & PUMC (approval decision number: 
S-K1110) and was conducted according to the ethical stand-
ards of the World Medical Association Declaration of Hel-
sinki [14]. In accordance with the committee’s regulations, 
written informed consent was obtained from all patients 

who were alive.

Results

1. Patient baseline characteristics
A total of 124 patients with GBC were investigated in this 

study. Study patients’ baseline characteristics are shown in 
Table 1. Sixty-nine patients (55.6%) were male and 55 (44.4%)
were female. The median follow-up time was 20 months  
(range, 0.5 to 153 months). Twenty (16.1%), 12 (9.7%), nine 
(7.3%), and 46 (37.1%) patients developed jaundice, fever,  
fatigue, and weight loss, respectively, when diagnosed with 
GBC. Elevated preoperative serum CA19-9 was observed in 
62 (50%) patients. Before operation for GBC, three patients 
had acute pancreatitis but no one had acute cholecystitis or 
cholangitis. Another one patient had elevated body tempera-
ture (≥ 37.3°C) with WBC > 10×109/L. In total, four patients 
were defined to have the combined inflammatory status as 
previously described. Eight patients had preoperative anti-
biotics usage. Eighty-five patients (68.5%) were intended to 
perform radical surgery and 70 of them (82.4%) achieved 
negative margins (R0 resection). The other 39 patients (31.5%)  

Fig. 1.  Time-dependent receiver operating characteristic (ROC) 
analysis of systemic inflammation response index (SIRI) for 1-, 
3-, and 5-year survival. AUC, area under the curve.
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Table 2.  The relationship between the SIRI and surgical outcome

Characteristic Total  High SIRI Low SIRI p-value

Length of stay in hospital (day) 15.00 (10.25-20.00) 16.00 (10.75-20.00) 12.00 (9.00-16.50) 0.007
Hemorrhage during operation (mL) 200 (50-400) 200 (100-400) 200 (50-300) 0.001
Barthel score (before operation-after operation) 35 (15-45) 35 (10-45) 40 (15-4) 0.768
Complications    
    Bleeding    
        No 120 (96.8) 64 (94.1) 56 (100) 0.127
        Yes 4 (3.2) 4 (5.9) 0 ( 
    Infection    
        No 107 (86.3) 58 (85.3) 49 (87.5) 0.799
        Yes 17 (13.7) 10 (14.7) 7 (12.5) 
    Liver failure        
        No 124 (100) 68 (100) 56 (100) -
        Yes 0 ( 0 ( 0 ( 
    Biliary fistula    
        No 120 (96.8) 65 (95.6) 55 (98.2) 0.627
        Yes 4 (3.2) 3 (4.4) 1 (1.8) 
    Ascites    
        No 121 (97.6) 66 (97.1) 55 (98.2) > 0.99
        Yes 3 (2.4) 2 (2.9) 1 (1.8) 
    Others    
        No 113 (91.1) 60 (88.2) 53 (94.6) 0.342
        Yes 11 (8.9) 8 (11.8) 3 (5.4) 
    Complications    
        No 95 (76.6) 49 (72.1) 46 (82.1) 0.286
        Yes 29 (23.4) 19 (27.9) 10 (17.9) 
Values are presented as median (range) or number (%). SIRI, systemic inflammation response index.
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received palliative surgery. According to the AJCC 8th edition, 
39 patients were diagnosed as stage IIIA and 41 patients were 
stage IIIB. Postoperative histopathological reports revea- 
led that the majority of our patients (119 patients, 96%) had  

adenocarcinoma, four patients had adenosquamous carcino-
ma, and one patient had intracholecystic papillary neoplasm. 
Finally, 79 patients (63.7%) were followed until death. 

2. Clinicopathological features according to the SIRI
To calculate the SIRI’s optimal cutoff value, we first gener-

ated 1-, 3-, and 5-year time-dependent ROC curves according 
to the SIRI’s OS, as shown in Fig. 1, with areas under the 
curve (AUC) of 0.682, 0.636, and 0.666 respectively. Then we 
determined the SIRI’s optimal cutoff value to be 0.89 using 
the 1-year time-dependent ROC curve. Based on this cutoff 
value, we divided the patients into high SIRI and low SIRI 
groups; the patients’ characteristics of each group are also 
summarized in Table 1. Compared with the low SIRI group, 
there were more patients with high CA19-9 (> 40 U/mL) in 
the high SIRI group (60.3% vs. 37.5%, p=0.019). The surgical 
margin as R0 tended to be harder to achieve in the high SIRI 
group (51.5% vs. 82.1%, p=0.001). The patients in the high 
SIRI group tended to have higher TNM staging distribution 
(p=0.024). Furthermore, the median follow-up time was sig-

Fig. 2.  Kaplan-Meier survival curves of different systemic in-
flammation response index (SIRI) groups.
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Table 3.  Univariate and multivariate Cox proportional hazards analysis for OS in 124 patients with GBC

Characteristic
  Univariate analysis   Multivariate analysis 

 HR 95% CI p-value HR 95% CI p-value

Demographics
    Sex (female/male) 1.126 0.759-1.671 0.573 - - -
    Age (> 65 yr/≤ 65 yr) 1.385 0.941-2.038 0.106 - - -
    BMI (< 24 kg/m2/≥ 24 kg/m2) 1.988 1.268-3.118 0.002 2.008 1.162-3.471 0.013
Symptoms       
    Jaundice (yes/no) 1.490 0.949-2.340 0.083 1.107 0.583-2.101 0.755
    Weightloss (yes/no) 1.781 1.206-2.629 0.004 1.729 1.004-2.976 0.048
    Fatigue (yes/no) 1.426 0.691-2.944 0.338 - - -
    Fever (yes/no) 1.128 0.600-2.120 0.708 - - -
Past medical history       
    Gallstone (yes/no) 1.115 0.760-1.635 0.600 - - -
    Hypertension (no/yes) 1.442 0.928-2.243 0.127 - - -
    Diabetes (no/yes) 1.184 0.739-1.897 0.500 - - -
Preoperative inflammation status       
    Combined inflammatory status (yes/no) 1.230 0.447-3.383 0.688 1.624 0.197-13.386 0.652
    Preoperative antibiotics usage (yes/no) 1.221 0.516-2.888 0.649 1.781 0.533-5.944 0.348
Inflammation-based biomarkers       
    SIRI (high/low) 2.208 1.484-3.286 < 0.001 1.753 1.027-2.991 0.040
Blood test       
    CA19-9 (> 40 IU/mL/≤ 40 IU/mL) 3.659 2.347-5.705 < 0.001 2.162 1.194-3.916 0.011
Post-operation       
    Tumor size (> 5 cm/≤ 5 cm) 1.125 0.637-1.986 0.686 - - -
Adenocarcinoma (no/yes) 2.104 0.767-5.774 0.148 - - -
TNM stage (III-IV/0-II) 7.516 3.249-17.380 < 0.001 7.523 1.558-36.329 0.012
Radical surgery (no/yes) 3.945 2.629-5.920 < 0.001 2.940 1.676-5.159 < 0.001
Grade (G3/G1 or G2) 1.549 1.005-2.387 0.044 1.175 0.686-2.013 0.556
OS, overall survival; GBC, gallbladder cancer; HR, hazard ratio; CI, confidence interval; BMI, body mass index; SIRI, systemic inflamma-
tion response index; CA19-9, carbohydrate antigen 19-9; TNM, tumor-node-metastasis.
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nificantly shorter in the high SIRI group (12.5 months vs. 27 
months, p=0.009), with more patients reaching the state of 
death (75.0% vs. 50.0%, p=0.005).

3. The relationship between the SIRI and surgical outcome
To determine whether the SIRI can predict patients’ surgi-

cal outcome, we compared the high SIRI group with the low 
SIRI group in terms of length of stay in hospital, hemorrhage 

during surgery, the change in Barthel score after surgery, and 
different kinds of complications including bleeding, infec-
tion, liver failure, biliary fistula, ascites, and others (Table 2). 
The patients in the high SIRI group tended to stay longer in 
hospital as compared with the low SIRI group (16 days vs. 
12 days, p=0.007). Furthermore, during surgery, patients in 
the high SIRI group lost more blood than those in the low 
SIRI group, though the median blood losses were equal (200 
mL vs. 200 mL, p=0.001). However, no significant differ-
ences were observed in the change in Barthel score and the 
incidence rates of all types of postoperative complications. 
Combining the occurrence of all the complications, there was 
still no significant difference between the high and low SIRI 
groups (p=0.286).

4. Factors predicting OS
The Kaplan-Meier curves of OS according to the SIRI 

showed significant difference, as confirmed by the log-rank 
test (p < 0.001) (Fig. 2). Moreover, upon univariate analysis, 
BMI ≥ 24, jaundice, weight loss, CA19-9 > 40 U/mL, radical 
surgery, TNM stage, tumor differentiation grade, and SIRI 
showed statistically significant associations with OS. Multi-
variate analysis revealed that BMI < 24 (hazard ratio [HR], 
2.008; 95% confidence interval [CI], 1.162 to 3.471; p=0.013), 
weight loss (HR, 1.729; 95% CI, 1.004 to 2.976; p=0.048), high 
SIRI (HR, 1.753; 95% CI, 1.027 to 2.991; p=0.040), CA19-9  

Fig. 3.  Time-dependent receiver operating characteristic analy-
sis of each of the selected factors and the prognostic model. SIRI, 
systemic inflammation response index; BMI, body mass index; 
CA19-9, carbohydrate antigen 19-9; AUC, area under the curve.
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> 40 U/mL (HR, 2.162; 95% CI, 1.194 to 3.916; p=0.011), no 
radical surgery (HR, 2.940; 95% CI, 1.676 to 5.159; p < 0.001), 
and TNM stage (III-IV) (HR, 7.523; 95% CI, 1.558 to 36.329; 
p=0.012) were independent factors for OS (Table 3).

5. Prognostic model for prediction of OS
We first randomly equally divided the patients into the 

training cohort and the validation cohort. In order to build 
the prognostic model for OS prediction in the training  
cohort, the resulting variables from the multivariate Cox 
analysis were included. The prognostic factors included six 
risk factors, including BMI, weight loss, SIRI, CA19-9, radical 
surgery, and TNM stage. The time-dependent ROC curves of 
each included factor and the prognostic model are shown in 
Fig. 3, which showed that the SIRI’s AUCs were higher than 
BMI and weight loss, but lower than CA19-9, radical surgery, 
TNM stage. Furthermore, the prognostic model combining 
all six factors had better predictive accuracy than any of the 
single factors, with AUCs of 1, 3, and 5 years as 0.897, 0.912, 
and 0.913, respectively. To visualize the prognostic model 
and make it more practical, a nomogram containing these six 
factors was constructed (Fig. 4). Each factor in the nomogram 
was assigned with a point based on its status. Summing the 
total points from all variables and drawing a vertical line at 

the location of the total points scale allowed us to predict the 
probabilities of the outcomes in terms of 1-, 3-, and 5-year OS 
probability. 

6. Comparison of predictive accuracy for OS between the 
nomogram and the TNM staging system

The model’s predictive ability was assessed by calculat-
ing the C-index, which was 0.821 (95% CI, 0.759 to 0.883) 
in the training cohort and 0.828 (95% CI, 0.762 to 0.894), 
demonstrating the nomogram’s good predictive accuracy.  
Additionally, the nomogram’s performance was graphically 
evaluated by making 1- and 3-year calibration plots (Fig. 5). 
The predicted line was very close to the reference line both 
in the training and the validation cohort, which indicates the 
model’s good performance. Finally, to test the clinical useful-
ness of our model, decision curve analysis was performed 
(Fig. 6). Compared with the TNM staging system, our model 
offered much better clinical utility.

We developed histograms of the nomogram-predicted 
probability of 12-month survival according to different AJCC 
TNM staging groupings. As shown in Fig. 7, in patients with 
TNM stage IIIA and IIIB, there was a wide variety in the dis-
tribution of nomogram-predicted probabilities, ranging from 
0.05 to 0.95. Additionally, the C-index of the AJCC TNM sys-

Fig. 5.  Nomogram calibration plot for predicting overall survival probabilities at 1 year (A, C) and 3 years (B, D). 
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tem was 0.655 (95% CI, 0.592 to 0.718) in the training cohort 
and 0.649 (95% CI, 0.582 to 0.716) in the validation cohort, 
which was significantly lower than our prognostic model 
both in the training and the validation cohort.

Discussion

GBC is the most common malignancy in the biliary tract 
system [15,16]. Although surgical resection is a potentially 
curative therapy, over one-third of patients experience a 

recurrence [17]. Moreover, approximately 40% of cases are 
diagnosed at advanced stages [18,19]. All these factors con-
tribute to its current poor prognosis situation, with only 10%-
25% patients achieving 5-year survival [20]. Thus, the accu-
racy of prognosis prediction for different patients is crucial 
for physicians to make better clinical decisions. To date, the 
AJCC TNM staging system for both diagnosis and prognosis 
in GBC remains the gold standard; however, its own limita-
tions in terms of its poor discrimination of the heterogeneity 
among patients at the same TNM stage are still unsolvable. 
To address this problem, we recognized the SIRI, a novel 

Fig. 6.  Decision curve analysis (DCA) of the model and TNM staging system for 1- (A, B), 3- (C, D), and 5-year (E, F) overall survival (OS).
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inflammation-based index, as an independent significant 
prognostic indicator and developed a novel prediction mod-
el combining the SIRI and other clinicopathological factors 
that has a much better predictive ability compared with the 
TNM staging system.

As Hanahan and Weinberg [21] proposed, cancer-related  
inflammation is one of the hallmarks of cancer, and plays a  
vital role in carcinogenesis and tumor progression. Based on 
this theory, some indices using peripheral immune and inflam-
matory cells, such as PLR, MLR, and NLR, have been devel-
oped and their utility in survival prediction has been proven 
[22-24]. In 2016, Qi et al. [8] described a new inflammation-
based index, the SIRI, which showed good prognostic value 
in patients with pancreatic cancer. In our study, we found that 
a high SIRI correlated to poor prognosis in respect of OS. Pre-
vious research has shown similar results in other solid tumors  
including gastric, esophageal, and nasopharyngeal cancer  
[9-11]. However, the SIRI’s optimal cutoff differed among 
studies, at 1.8 in pancreatic cancer and at 1.2 in esophageal 
cancer [8,10]. We adopted 0.89 as the optimal cutoff to stratify 

our groups of patients, but whether it is applicable to all GBC 
patients requires further validation. Additionally, our results 
showed that the SIRI can also predict patients’ surgical out-
come such as length of stay in hospital and hemorrhage dur-
ing surgery. To be more specific, patients in the high SIRI 
group may indicate the procedure’s higher difficulty, which 
sheds new light on the SIRI regarding its potential in the  
assessment of surgical difficulty and therefore enabling indi-
vidual peri-operative care decisions. 

The specific mechanisms as to why a high SIRI indicates 
a poor outcome in GBC patients remain unclear; however, 
previous studies have revealed that lymphocytes have a  
vital function in anti-tumor defense in their role as infiltrating  
tumor cells, inducing cancer cell apoptosis [25]. Further-
more, the peripheral monocyte count has association with 
the level of tumor-associated macrophages, which facilitate 
tumor cell development and suppress the immune system 
against them [26,27]. Similarly, several studies suggested that 
peripheral neutrophils have a role in providing a favorable 
microenvironment for tumor growth, invasion, and metasta-

Fig. 7.  Histograms of nomogram-predicted probability of 12-month survival according to the different American Joint Committee on 
Cancer TNM stage groupings.

A

N
o.

 o
f p

at
ie

nt
s 

w
ith

in
TN

M
 s

ta
ge

Nomogram-predicted probability of 12 mo survival

Stage IIIA (n=39)

0

10

7

9
8

6
5

3
2
1

4

0.0
5-0

.10

0.1
0-0

.15

0.1
5-0

.20

0.2
0-0

.25

0.2
5-0

.30

0.3
0-0

.35

0.3
5-0

.40

0.4
0-0

.45

0.4
5-0

.50

0.5
0-0

.55

0.5
5-0

.60

0.6
0-0

.65

0.6
5-0

.70

0.7
0-0

.75

0.7
5-0

.80

0.8
0-0

.85

0.8
5-0

.90

0.9
0-0

.95

B

N
o.

 o
f p

at
ie

nt
s 

w
ith

in
TN

M
 s

ta
ge

Nomogram-predicted probability of 12 mo survival

Stage IIIB (n=41)

0

8
7
6
5

3
2
1

4

0.0
5-0

.10

0.1
0-0

.15

0.1
5-0

.20

0.2
0-0

.25

0.2
5-0

.30

0.3
0-0

.35

0.3
5-0

.40

0.4
0-0

.45

0.4
5-0

.50

0.5
0-0

.55

0.5
5-0

.60

0.6
0-0

.65

0.6
5-0

.70

0.7
0-0

.75

0.7
5-0

.80

0.8
0-0

.85

0.8
5-0

.90

0.9
0-0

.95

1208     CANCER  RESEARCH  AND  TREATMENT



Lejia Sun, The Prognostic Value of SIRI in GBC 

sis by means of secreting different types of cytokines includ-
ing intercellular adhesion molecule 1 [28]. Taken together, 
either increasing neutrophils and monocytes or decreasing 
lymphocytes will cause an elevation in the SIRI, which will 
lead to a rather worse prognosis for patients with cancer.  
Finally, since the SIRI is easily calculated from the results of 
complete blood count tests, it is applicable to test the SIRI 
frequently during follow-up. Both the SIRI’s value and  
dynamic changes may have the potential to serve as a mark-
er to evaluate the efficacy of adjuvant chemoradiotherapy, to 
select appropriate patients to receive specific targeted ther-
apy and immune therapy, and also to monitor for possible 
recurrence, although further investigations are needed.

In the present study, we took advantage of the user-friend-
ly graphical interfaces of the nomogram to demonstrate our 
prediction model based on the SIRI and other clinicopatho-
logical factors including BMI, weight loss, CA19-9, radi-
cal surgery, and TNM stage. Among these factors, CA19-9 
and TNM stage have also been utilized in other prognostic 
models of GBC [29,30]. BMI and weight loss are also easily 
acquired information, demonstrating our model’s conveni-
ence. Though jaundice is significant in univariate analysis, 
it is not significant in multivariate analysis. Further studies 
should investigate the prognostic role of jaundice in larger 
cohorts. Compared with the traditional TNM staging sys-
tem, our prediction model had better discriminatory abil-
ity, consistency, and clinical utility, as shown in the C-index, 
calibration plot, and decision curve analysis. Therefore, this 
prognostic model is appropriate for predicting GBC patient 
prognosis after surgery, which will be useful in helping cli-

nicians with clinical counseling, decision-making, and fol-
low-up planning. To the best of our knowledge, this is the 
first report to create a nomogram combining inflammatory  
indices including the SIRI and other indicators to predict OS 
probability in GBC patients.

Our study has several limitations. First, it was based on a 
retrospective cohort from a single center, which may cause 
potential selection bias. Second, the number of patients  
included in this study is relatively small; thus, further exter-
nal validation is required before our results can be applied in 
other institutions. Third, this study only focused on the SIRI 
and other clinicopathological factors, and other inflamma-
tion-related indexes such as C-reactive protein, liver function 
test results, and coagulation were not investigated. 

In conclusion, this is the first study to show that the SIRI is 
an independent predictor of OS in GBC patients. Our predic-
tion model combining the SIRI and other clinicopathological 
indicators performed well in predicting patient’s survival 
probability, surpassing the traditional TNM staging system 
regarding its predictive accuracy. It has the potential to serve 
as a practical clinical tool for individualized prognostication.

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

Acknowledgments
This work was supported by grants from CAMS Innovation 

Fund for Medical Sciences (CIFMS) (No.2016-I2M-1-001) and Tsin-
ghua University-Peking Union Medical College Hospital Coopera-
tion Project (PTQH201904552).

1.  de Aretxabala X. Biliary spillage a new prognostic factor in 
gallbladder cancer? Hepatobiliary Surg Nutr. 2019;8:537-8.

2.  Buettner S, Margonis GA, Kim Y, Gani F, Ethun CG, Poult-
sides GA, et al. Changing odds of survival over time among 
patients undergoing surgical resection of gallbladder carci-
noma. Ann Surg Oncol. 2016;23:4401-9.

3.  Wi Y, Woo H, Won YJ, Jang JY, Shin A. Trends in gallblad-
der cancer incidence and survival in Korea. Cancer Res Treat. 
2018;50:1444-51.

4.  Fortner JG, Pack GT. Clinical aspects of primary carcinoma of 
the gallbladder. AMA Arch Surg. 1958;77:742-50.

5.  Sung YN, Song M, Lee JH, Song KB, Hwang DW, Ahn CS, et 
al. Validation of the 8th edition of the American Joint Com-
mittee on Cancer staging system for gallbladder cancer and 
implications for the follow-up of patients without node dis-
section. Cancer Res Treat. 2020;52:455-68.

6.  Diakos CI, Charles KA, McMillan DC, Clarke SJ. Cancer-relat-
ed inflammation and treatment effectiveness. Lancet Oncol. 
2014;15:e493-503.

7.  Cho KM, Park H, Oh DY, Kim TY, Lee KH, Han SW, et al. 

Neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, 
and their dynamic changes during chemotherapy is useful to 
predict a more accurate prognosis of advanced biliary tract 
cancer. Oncotarget. 2017;8:2329-41.

8.  Qi Q, Zhuang L, Shen Y, Geng Y, Yu S, Chen H, et al. A novel 
systemic inflammation response index (SIRI) for predicting 
the survival of patients with pancreatic cancer after chemo-
therapy. Cancer. 2016;122:2158-67.

9.  Li S, Lan X, Gao H, Li Z, Chen L, Wang W, et al. Systemic 
Inflammation Response Index (SIRI), cancer stem cells and 
survival of localised gastric adenocarcinoma after curative 
resection. J Cancer Res Clin Oncol. 2017;143:2455-68.

10.  Geng Y, Zhu D, Wu C, Wu J, Wang Q, Li R, et al. A novel 
systemic inflammation response index (SIRI) for predicting 
postoperative survival of patients with esophageal squamous 
cell carcinoma. Int Immunopharmacol. 2018;65:503-10.

11.  Chen Y, Jiang W, Xi D, Chen J, Xu G, Yin W, et al. Development 
and validation of nomogram based on SIRI for predicting the 
clinical outcome in patients with nasopharyngeal carcino-
mas. J Investig Med. 2019;67:691-8.

References

VOLUME 52 NUMBER 4 OCTOBER 2020     1209



12.  Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald 
JE, Brookland RK, et al. The eighth edition AJCC cancer stag-
ing manual: continuing to build a bridge from a population-
based to a more “personalized” approach to cancer staging. 
CA Cancer J Clin. 2017;67:93-9.

13.  Vickers AJ, Elkin EB. Decision curve analysis: a novel meth-
od for evaluating prediction models. Med Decis Making. 
2006;26:565-74.

14.  General Assembly of the World Medical Association. World 
Medical Association Declaration of Helsinki: ethical prin-
ciples for medical research involving human subjects. J Am 
Coll Dent. 2014;81:14-8.

15.  Narayan RR, Creasy JM, Goldman DA, Gonen M, Kandoth 
C, Kundra R, et al. Regional differences in gallbladder cancer 
pathogenesis: insights from a multi-institutional comparison 
of tumor mutations. Cancer. 2019;125:575-85.

16.  Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Can-
cer J Clin. 2019;69:7-34.

17.  Margonis GA, Gani F, Buettner S, Amini N, Sasaki K, Andrea-
tos N, et al. Rates and patterns of recurrence after curative 
intent resection for gallbladder cancer: a multi-institution 
analysis from the US Extra-hepatic Biliary Malignancy Con-
sortium. HPB (Oxford). 2016;18:872-8.

18.  Li M, Liu F, Zhang F, Zhou W, Jiang X, Yang Y, et al. Genomic 
ERBB2/ERBB3 mutations promote PD-L1-mediated immune 
escape in gallbladder cancer: a whole-exome sequencing ana-
lysis. Gut. 2019;68:1024-33.

19.  Yang P, Javle M, Pang F, Zhao W, Abdel-Wahab R, Chen X, et 
al. Somatic genetic aberrations in gallbladder cancer: compar-
ison between Chinese and US patients. Hepatobiliary Surg 
Nutr. 2019;8:604-14.

20.  Primrose JN, Fox RP, Palmer DH, Malik HZ, Prasad R, Mirza 
D, et al. Capecitabine compared with observation in resected 
biliary tract cancer (BILCAP): a randomised, controlled, mul-
ticentre, phase 3 study. Lancet Oncol. 2019;20:663-73.

21.  Hanahan D, Weinberg RA. Hallmarks of cancer: the next gen-
eration. Cell. 2011;144:646-74.

22.  Chen YM, Lai CH, Chang HC, Chao TY, Tseng CC, Fang WF, 
et al. Baseline and trend of lymphocyte-to-monocyte ratio 
as prognostic factors in epidermal growth factor receptor  
mutant non-small cell lung cancer patients treated with first-
line epidermal growth factor receptor tyrosine kinase inhibi-
tors. PLoS One. 2015;10:e0136252.

23.  Cheng H, Luo G, Lu Y, Jin K, Guo M, Xu J, et al. The combina-
tion of systemic inflammation-based marker NLR and circu-
lating regulatory T cells predicts the prognosis of resectable 
pancreatic cancer patients. Pancreatology. 2016;16:1080-4.

24.  Diem S, Schmid S, Krapf M, Flatz L, Born D, Jochum W, et al. 
Neutrophil-to-lymphocyte ratio (NLR) and platelet-to-Lym-
phocyte ratio (PLR) as prognostic markers in patients with 
non-small cell lung cancer (NSCLC) treated with nivolumab. 
Lung Cancer. 2017;111:176-81.

25.  Rosenberg SA. Progress in human tumour immunology and 
immunotherapy. Nature. 2001;411:380-4.

26.  Shibutani M, Maeda K, Nagahara H, Fukuoka T, Nakao S, 
Matsutani S, et al. The peripheral monocyte count is associ-
ated with the density of tumor-associated macrophages in the 
tumor microenvironment of colorectal cancer: a retrospective 
study. BMC Cancer. 2017;17:404.

27.  Franklin RA, Liao W, Sarkar A, Kim MV, Bivona MR, Liu K, 
et al. The cellular and molecular origin of tumor-associated 
macrophages. Science. 2014;344:921-5.

28.  Liu S, Li N, Yu X, Xiao X, Cheng K, Hu J, et al. Expression of 
intercellular adhesion molecule 1 by hepatocellular carcino-
ma stem cells and circulating tumor cells. Gastroenterology. 
2013;144:1031-41.

29.  Bai Y, Liu ZS, Xiong JP, Xu WY, Lin JZ, Long JY, et al. Nomo-
gram to predict overall survival after gallbladder cancer  
resection in China. World J Gastroenterol. 2018;24:5167-78.

30.  Chen M, Lin J, Cao J, Zhu H, Zhang B, Wu A, et al. Develop-
ment and validation of a nomogram for survival benefit of 
lymphadenectomy in resected gallbladder cancer. Hepatobil-
iary Surg Nutr. 2019;8:480-9.

Cancer Res Treat. 2020;52(4):1199-1210

1210     CANCER  RESEARCH  AND  TREATMENT



Original Article

Cancer Res Treat. 2020;52(4):1211-1218 https://doi.org/10.4143/crt.2019.506

pISSN 1598-2998, eISSN 2005-9256

Purpose
The aim of this study was to evaluate the ability of sequential 18F-fluorodeoxyglucose posi-
tron emission tomography/computed tomography (18F-FDG-PET/CT) after one cycle of neo-
adjuvant chemotherapy (NAC) to predict chemotherapy response before interval debulking 
surgery (IDS) in advanced-stage ovarian cancer patients. 

Materials and Methods
Forty consecutive patients underwent 18F-FDG-PET/CT at baseline and after one cycle of 
NAC. Metabolic responses were assessed by quantitative decrease in the maximum stand-
ardized uptake value (SUVmax) with PET/CT. Decreases in SUVmax were compared with can-
cer antigen 125 (CA-125) level before IDS, response rate by Response Evaluation Criteria 
in Solid Tumors criteria before IDS, residual tumor at IDS, and I chemotherapy response 
score (CRS) at IDS.    

Results
A 40% cut-off for the decrease in SUVmax provided the best performance to predict CRS 
3 (compete or near-complete pathologic response), with sensitivity, specificity, and accu-
racy of 81.8%, 72.4%, and 72.4%, respectively. According to this 40% cut-off, there were 
17 (42.5%) metabolic responders (≥ 40%) and 23 (57.5%) metabolic non-responders  
(< 40%). Metabolic responders had higher rate of CRS 3 (52.9% vs. 8.7%, p=0.003), CA-
125 normalization (< 35 U/mL) before IDS (76.5% vs. 39.1%, p=0.019), and no residual 
tumor at IDS (70.6% vs. 31.8%, p=0.025) compared with metabolic non-responders. There 
were significant associations with progression-free survival (p=0.021) between metabolic 
responders and non-responders, but not overall survival (p=0.335). 

Conclusion
Early assessment with 18F-FDG-PET/CT after one cycle of NAC can be useful to predic 
response to chemotherapy before IDS in patients with advanced-stage ovarian cancer.

Key words
Ovarian neoplasms, Neoadjuvant therapy, 
Positron emission tomography computed tomography, Treatment outcome
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Introduction

Neoadjuvant chemotherapy (NAC) followed by interval 
debulking surgery (IDS) can be an alternative to primary  
debulking surgery for treating advanced-stage ovarian cancer 

when optimal cytoreduction cannot be achieved [1,2]. Chem-
otherapy sensitivity has been a well-known prognostic factor 
for survival, and evaluation of NAC response is mostly based 
on computed tomography (CT) imaging after three to four 
cycles of NAC. Earlier evaluation of NAC response would  
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allow for avoidance of unnecessary surgical complications 
and toxicity due to ineffective treatment.

Recently, several studies have shown that 18F-fluorodeo-
xyglucose positron emission tomography/computed tomog-
raphy (18F-FDG-PET/CT) may be useful for predicting early 
response to NAC in other malignancies [3-9]. However, there 
are only a few studies on the use of PET/CT for evaluation 
of response to NAC in ovarian cancer [10-13]. Avril et al. [10] 
showed that the sequential 18F-FDG-PET/CT after one cycle 
of NAC predicted patient’s outcome. Other than the result of 
this study [10], there is no data on the use of PET/CT after one 
cycle of NAC to predict chemotherapy response before IDS.

Histopathological changes seen at IDS reflect direct NAC 
response [14-17]. However, there is no consensus regarding 
the prognostic value of the pathologic grading system to  
assess NAC response at IDS. Recently, Böhm et al. proposed 
the 3-tier chemotherapy response score (CRS) system for 
ovarian cancer, and our group performed an external vali-
dation of this system confirming a high reproducibility and 
prognostic value [18,19]. As pathologic response could be a 
surrogate endpoint, we evaluated how the early tumor meta-
bolic change during NAC correlated with histopathological 
response observed at IDS. The aim of this study was to inves-
tigate the ability of PET parameters after one cycle of chemo-
therapy to predict NAC response in advanced-stage ovarian 
cancer patients.

 

Materials and Methods

1. Patients
From 2016 to 2018, 40 consecutive patients diagnosed with 

International Federation of Gynecology and Obstetrics stage 
IIIC or IV high-grade serous ovarian cancer underwent base-
line 18F-FDG-PET/CT before starting NAC. Thirty-eight of 40 
patients underwent diagnostic laparoscopy showing Fagotti 
score ≥ 8 [20] before NAC, while two patients received NAC 
after histologically confirmed by cytologic evaluation of  
ascites without diagnostic laparoscopy. All of them under-

went a second 18F-FDG-PET/CT examination after one cycle 
of NAC. After the completion of NAC, 39 patients under-
went IDS (Fig. 1). One patient did not receive IDS because 
she refused surgery and follow-up loss after four cycles of 
NAC.  

2. Protocol-based treatment
Diagnostic work-up included contrast-enhanced CT scan 

of the chest/pelvis as well as FDG-PET/CT were obtained for 
all patients at baseline to determine the tumor burden.

In our institution, NAC was performed as the primary 
treatment strategy, when one of the following three selection 
criteria was met [21]: (1) pulmonary and/or hepatic paren-
chymal metastases observed on initial imaging work-up, (2) 
patients with poor performance status and high operative 
risk due to medical comorbidities, or (3) optimal debulking 
surgery (i.e., ≤ 1 cm of residual disease at debulking surgery) 
was unsuitable due to high tumor burden (Fagotti score ≥ 8). 
During diagnostic laparoscopy, the degree of tumor burden 
was described by Fagotti score.

All patients, preferably, are recommended to receive three 
cycles of NAC and IDS, as well as three cycles of postopera-
tive adjuvant chemotherapy (POAC). For NAC and POAC, 
all patients received platinum-based combination chemo-
therapy (paclitaxel [175 mg/m2]+carboplatin [area under the 
curve of 5 to 6]). 

All patients underwent surgery with the intent to achieve 
complete cytoreduction (no gross residual disease) and fol-
lowed the same routine, beginning with complete omentec-
tomy, hysterectomy, bilateral salpingo-oophorectomy, and  
removal of all macroscopically detectable lesions using surgi-
cal resection. Furthermore, 29 patients underwent IDS follow-
ing hyperthermic intraperitoneal chemotherapy.

3. 18F-FDG-PET/CT imaging and imaging analysis
All subjects were requested to fast for over 8 hours before 

PET acquisition. Blood glucose concentrations were confir-
med to be < 140 mg/dL at the time of FDG injection. 

Intravenously, 5.5 MBq of 18F-FDG per kg body weight 

Fig. 1.  Overall flow chart of positron emission tomography/computed tomography (PET/CT), neoadjuvant chemotherapy (NAC), and 
interval debulking surgery (IDS). SUVmax, maximum standardized uptake value; CRS, chemotherapy response score; CA-125, cancer anti-
gen 125. a)Two patients received four cycles of NAC.

NAC #1 NAC #2 NAC #3 NAC #4a)

IDSPET/CTPET/CT

ΔSUVmax CRS, residual disease, response rate, CA-125
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were injected. After 60 minutes, integrated FDG-PET/CT 
was performed using a dedicated PET/CT scanner (Discov-
ery STE, GE Healthcare, Milwaukee, WI). Whole body spi-
ral CT scan was performed from the vertex of the skull to 
the mid-thigh using the following parameters: 120 kVp, 30 
mA, 0.8-second rotation time, 3.75 mm helical thickness, 27 
mm per rotation (speed), 2.5 mm scan reconstruction, with a  
reconstruction index of 1.25 mm, 15.7 cm field of view, and a 
512×512 matrix. PET scan was acquired from the cerebellum 
to the proximal thigh, and acquisition time was 3 minutes 
per bed position using the 3D-mode. Attenuation corrected 
PET data were reconstructed iteratively using an ordered-
subset expectation maximization algorithm. 

4. PET parameter
All 18F-FDG-PET/CT images were reviewed blinded to the 

clinical outcome by two nuclear medicine physicians. Each 
region with a higher FDG uptake than the background was 
considered significant. The maximum standardized uptake 
values (SUVmax) were measured by drawing a circular region 
of interest (ROI) at the site of the maximum 18F-FDG uptake 
on the transaxial PET images. The SUV of the ROI was cal-
culated as follows: (decay-corrected activity [MBq] per tissue 
volume [mL])/(injected 18F-FDG dose [MBq] per body mass 
[g]).

Seven tumor lesions (right upper quadrant, left upper 
quadrant, sub-hepatic area, mesentery, pelvis, right ovary, 
and left ovary) per patients were identified; and SUVmax at 
each examination were calculated. The SUVmax after one cycle 
of NAC was compared with that of the baseline study. Mul-
tiple metastatic tumors observed by 18F-FDG-PET/CT were 
found in all patients. Therefore, we used the lesion with the 
lowest change in 18F-FDG uptake for the study analysis based 
on the rationale that the metastatic tumor with the worst 
response would determine survival. The change in SUVmax 
after one cycle of chemotherapy was expressed as ΔSUVmax 
(%)=100×(1st cycle SUVmax–baseline SUVmax)/baseline SUVmax.

5. Assessment of response to NAC
1) Cancer antigen 125 normalization
Cancer antigen 125 (CA-125) levels were determined  

before diagnostic laparoscopy, before each NAC cycle, and 
before IDS. CA-125 response criterion was a complete nor-
malization of CA-125 levels before IDS (< 35 U/mL). 

 2) Imaging response (CT) by Response Evaluation Crite-
ria in Solid Tumors 
Patients’ radiological responses to NAC were generally  

estimated with contrast-enhanced CT before IDS and classi-
fied according to the Response Evaluation Criteria in Solid 
Tumors (RECIST) as complete response (CR), partial respon-
se (PR), stable disease, and progressive disease [22].

3) Residual tumor after IDS
During IDS, we collected information on the maximal  

diameter of the residual lesion for evaluation of the residual 
disease. Residual disease was reported using the following 
criteria: from no gross (microscopic) residual disease, 0.0-0.5 
cm, 0.5-1.0 cm, 1.0-2.0 cm, or residual disease > 2.0 cm in the 
largest diameter.

4) Histopathological response by CRS
For the assessment of NAC-induced histopathological 

changes, specimens were taken from each of these three sites 
(omentum, right adnexa, and left adnexa) during IDS. All 
available hematoxylin and eosin–stained slides were revie-
wed by an experienced gynecologic pathologist (H.-S.K.). As 
Bohm et al. [18] and Lee et al. [19] reported significant cor-
relations between outcome and omental CRS, we analyzed 
the histo-pathological response to NAC with omental CRS.

Specimens with no or minimal tumor response, appreci-
able tumor response, and complete or near-CR were indicat-
ed as CRS 1, 2, and 3, respectively. Patients with CRS 1 or 2 
were considered as histopathological non-responders, while 
patients with CRS 3 were considered as histopathological  
responders.

6. Statistical analysis
Correlations between CRS and PET parameter were exam-

ined with the Mann-Whitney U test. The predictive perfor-
mance regarding the identification of CRS 3 was evaluated 
using the receiver operating characteristic (ROC) curve ana-
lysis. 

Associations between metabolic response and NAC para- 
meters were examined with the chi-square and Fisher’s  
exact tests. Progression-free survival (PFS) and overall sur-
vival (OS) were analyzed by the Kaplan-Meier method, and 
the difference of survival rates between metabolic respond-
ers and non-responders were compared by the log-rank test. 
Statistical analyses were conducted using IBM SPSS ver. 25.0 
for Windows (IBM Corp., Armonk, NY). All tests were two-
sided and p-values less than 0.05 were considered to indicate 
statistical significance.

7. Ethical statement
This study was approved by the Institutional Review 

Board of Severance Hospital at Yonsei University College 
of Medicine (No. 4-2018-0518), and the requirement of writ-
ten informed consent was waived due to the retrospective  
nature of the study.

Results

Eighty PET/CT scans were performed in 40 patients. The 
patients’ clinical, surgical, and pathological characteristics at 
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baseline are summarized in Table 1.
The baseline 18F-FDG-PET/CT was performed before ini-

tiation of NAC at a median interval of 4.5 days (range, 1 to 
17 days). The median time interval between the first cycle of 
NAC and the second (after the first cycle of NAC) 18F-FDG-
PET/CT was 19 days (range, 7 to 24 days). Median decrease 
in SUVmax between the baseline and after one cycle of NAC 
was 36.7% (range, –6.8% to 74.4%). One patient showed 
an increase in SUV after one cycle of NAC, and she was a 
metabolic non-responder. Of 39 patients who received IDS, 
we observed CRS 3 in 11 patients (27.5%) and no residual 
disease rate at IDS in 20 patients (50.0%). Median follow-up 
time was 19.7 months (range, 2.2 to 43.9 months). During this 
period, 18 patients experienced recurrence and eight of them 
died. Analysis of all 40 patients showed a median PFS of 21.0 
months (95% confidence interval [CI], 17.8 to 24.3), and the 
median OS was not reached.

 

Fig. 2.  Receiver operating characteristic analysis of ΔSUVmax 
(maximum standardized uptake value) for the identification of 
chemotherapy response score 3 after one cycle of neoadjuvant 
chemotherapy. AUC, area under the curve.

Fig. 3.  Scatter plots showing the decrease in maximum stand-
ardized uptake value (SUVmax) and cancer antigen 125 (CA-125) 
level before interval debulking surgery (IDS). Chemotherapy  
response score (CRS) 1 or 2 are indicated by blue circles, CRS 3 
by red triangles. NAC, neoadjuvant chemotherapy. 
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Table 1.  Patient characteristics 

Variable    Value (n=40)

Age at diagnosis (yr) 60.5 (39-77)
CA-125 level at diagnosis (U/mL) 1,846.5 (236.5-14,838.2)
CA-125 level before IDS (U/mL) 24.4 (6.4-1,222.8)
FIGO stage 
    IIIC 15 (37.5)
    IV 25 (62.5)
Histologic subtype 
    HGSC 40 (100)
Method of IDS 
    Laparotomy 7 (17.5)
    Laparotomy+HIPEC 22 (55.0)
    Laparoscopy 3 (7.5)
    Laparoscopy+HIPEC 7 (17.5)
    Not available 1 (2.5)
Residual disease after IDS 
    NGR 20 (50.0)
    ≤ 0.5 cm 17 (42.5)
    ≤ 1 cm 1 (2.5)
    ≤ 2 cm 1 (2.5)
    > 2 cm 1 (2.5)
    Not available 1 (2.5)
Fagotti score 
    8 13 (32.5)
    10 18 (45.0)
    12 5 (12.5)
    14 2 (5.0)
    Not available 2 (5.0)
Response rate before IDSa) 
    CR 3 (7.5)
    PR 37 (92.5)
    SD 0 (
    PD 0 (
CRS 
    1 1 (2.5)
    2 28 (70.0)
    3 11 (27.5)
NAC regimen 
    Paclitaxel+carboplatin 40 (100)
No. of NAC cycles 
    3 38 (95.0)
    4 2 (5.0)
Values are presented as median (range) or number (%). CA-
125, cancer antigen-125; IDS, interval debulking surgery; FIGO,  
Federation of Gynecology and Obstetrics; HGSC, high-grade  
serous carcinoma; HIPEC, hyperthermic intraperitoneal chemo- 
therapy; NGR, no gross residual disease; CR, complete response;  
PR, partial response; SD, stable disease; PD, progressive disease;  
CRS, chemotherapy response score; NAC, neoadjuvant chemo-
therapy. a)According to the Response Evaluation Criteria in Solid 
Tumors [22].
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1. The ΔSUVmax threshold value and CRS (CRS 1 or 2 vs. 
CRS 3–metabolic response) 

A cut-off of 40% of SUVmax decrease in metastatic sites  
offered the best accuracy in predicting CRS 3 (CR or near-
CR) with a sensitivity of 81.8%, specificity of 72.4%, and area  
under the curve of 0.72. The ROC curve is presented in Fig. 2. 
We selected the 40% cut-off to define the metabolic response; 
there were 17 (42.5%) metabolic responders (≥ 40% decrease 
in SUVmax) with a median decrease in SUVmax of 53.5% (range, 
40.7% to 74.4%) and 23 (57.5%) metabolic non-responders  
(< 40%) with a median decrease of 25.0% (range, –6.8% to 
39.7%). After one cycle of NAC, a threshold of 40% decrease 
in SUVmax was found to differentiate between pathologic 
non-responders (CRS 1 or 2) and responders (CRS 3) (Fig. 3). 
Fig. 4 shows that examples of metabolic responder and non-
responder observed in PET/CT and surgical findings before 
and after NAC.

2. Association between PET parameters and NAC param-
eters

There was a significant correlation between 18F-FDG-PET/ 
CT metabolic response and CRS. Metabolic responders had 
higher CRS 3 rate than metabolic non-responders (52.9% vs. 

8.7%, p=0.003). Furthermore, there was a close relationship 
between 18F-FDG-PET/CT metabolic response and CA-125 
normalization (< 35 U/mL) before IDS (76.5% vs. 39.1%, 
p=0.019). No residual tumor rate at IDS was 70.6% within 
metabolic responders and 31.8% within non-responders; 
and a significant correlation was observed between 18F-FDG- 
PET/ CT metabolic response and residual tumor at IDS (p= 
0.025). Only CR or PR were found as radiological response 
rate before IDS, and there was no significant correlation  
radiological response rate before IDS between metabolic  
responder and non-responder (p=0.069) (Table 2).

3. Metabolic response and survival
There was a significant association between metabolic  

response in 18F-FDG-PET/CT after one cycle of NAC and PFS 
(p=0.021), but not OS (p=0.335). Using defined 40% threshold 
for decrease in SUVmax from baseline after one cycle of NAC, 
median PFS was not reached in metabolic responders (n=17) 
compared with 18.5 months (95% CI, 13.9 to 23.0 months) in 
non-responders (n=23, p=0.021) (S1 Fig.). 

 

Fig. 4.  Examples of metabolic responder and non-responder. 18F-fluorodeoxyglucose positron emission tomography/computed tomog-
raphy images, at baseline and after one cycle of neoadjuvant chemotherapy (NAC) in metabolic responder (A) and non-responder (B). 
Surgical findings of diagnostic laparoscopy and interval debulking surgery (IDS) in metabolic responder (C) and non-responder (D).

A
Metabolic responder

Baseline NAC #1

B
Metabolic non-responder

Baseline NAC #1

C
Metabolic responder

Diagnostic laparoscopy IDS

D
Metabolic non-responder

Diagnostic laparoscopy IDS
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Discussion

Our results demonstrated that tumor metabolic change 
after one cycle of NAC can be a valuable predictor of early 
response to chemotherapy, and potentially could identify 
metabolic responders and non-responders using a cut-off 
value of 40%.

In advanced-stage ovarian cancer, it is important to assess 
NAC response before IDS, as patients who do not respond 
to NAC seem to have less benefit from IDS. There is increas-
ing need for sensitive and specific non-invasive imaging 
methods for evaluating chemotherapy response for proper 
decision making in the management of ovarian cancer pati-
ents. 18F-FDG-PET/CT is a promising imaging method to 
evaluate NAC response and help to identify patients who 
response to treatment in ovarian cancer [10-13]. Avril et al. 
[10] showed that the sequential 18F-FDG-PET/CT after one 
cycle of NAC predicted patient outcome. Nishiyama et al. 
[11] evaluated the ability of 18F-FDG-PET/CT after five or six  
cycles of NAC to predict the response of NAC. Martoni et 
al. [12] reported the ability of 18F-FDG-PET/CT after three 
cycles of NAC to identify patients who would obtain benefits 
from prolonged NAC. Vallius et al. [13] evaluated the useful-
ness of 18F-FDG-PET/CT after three or four cycles of NAC for 
identifying patients who would not respond to NAC.

Furthermore, an early change of the treatment strategy 
could be considered to avoid delay of second-line chemothe-
rapy and risk of unnecessary postoperative complications. 
Therefore, it would also be valuable for detecting metabolic 
responders and non-responders at an early time-point. In 
consistent with results of Park et al. [9], we demonstrated 

that early tumor metabolic change after one cycle of NAC 
could predict chemotherapy response before IDS. To date, 
other than the results of these two studies, there are no data 
on the use of PET/CT after one cycle of NAC to assess treat-
ment response.

In this study, the optimal threshold of ΔSUVmax that dis-
criminate between metabolic responders and non-respond-
ers after one cycle of NAC was 40%. Considering the kine-
tics of tumor cell kill and the relationship to 18F-FDG-PET/ 
CT, we hypothesized that early metabolic change would 
differentiate chemotherapy response. As the number of 
NAC cycles increases, the number of cancer cells that can be  
detected by 18F-FDG-PET/CT decreases while the SUVmax 
value falls below the threshold that produced the difference 
in metabolic responder and non-responders; therefore, the 
metabolic difference between the two groups disappeared.

In 2009, Wahl et al. [23] proposed the PET response criteria 
in solid tumors (PERCIST) as a new standardized method 
by which the chemotherapy response was assessed by meta-
bolic changes. The SUL (lean body mass corrected SUV) is 
determined for up to five measurable target lesions, typically 
the five hottest lesions. A metabolic response is considered 
more than a 30% decrease in SUL peak between the pre- 
and posttreatment scans, although not necessarily the same  
lesion. Moreover, our study shows that the metabolic res-
ponse needed to be associated with a histopathologic res-
ponse to NAC should be more than the SUVmax changes of 
the PERCIST criteria.

Since multiple metastatic tumors and sites were present in 
advanced-stage ovarian cancer, it is difficult to evaluate the 
metabolic response in only one lesion. In this study, we eval-

Table 2.  Associations between PET parameters and outcome of NAC

Characteristic
                                                     40% of ΔSUVmax

 Responder (n=17) Non-responder (n=23) 
p-value

CA-125 level before IDS
    < 35 U/mL  13 (76.5) 9 (39.1) 0.019
    ≥ 35 U/mL 4 (23.5) 14 (60.9) 
Response rate before IDSa)   
    CR 3 (17.6) 0 ( 0.069
    PR 14 (82.4) 23 (100) 
Residual disease after IDS   
    NGR 12 (70.6) 7 (31.8) 0.025
    > 0 cm 5 (29.4) 15 (68.2) 
    Unknown 0 ( 1 ( 
CRS   
    1 or 2 8 (47.1) 21 (91.3) 0.003
    3 9 (52.9) 2 (8.7)
Values are presented as number (%). PET, positron emission tomography; NAC, neoadjuvant chemotherapy; SUVmax, maximum standard-
ized uptake value; CA-125, cancer antigen-125; IDS, interval debulking surgery; CR, complete response; PR, partial response; NGR, no 
gross residual disease; CRS, chemotherapy response score. a)According to the Response Evaluation Criteria in Solid Tumors [22].
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uated metabolic change regarding heterogeneous chemothe-
rapy response according to metastatic sites. 18F-FDG-PET/
CT parameters such as the SUVmax of the right and left up-
per quadrant, sub-hepatic area, mesentery, pelvis, as well as 
the right and left ovary were assessed in all patients. Chemo-
therapy response is expected to vary depending on the lo-
cation of primary and metastatic lesions due to intratumor 
heterogeneity in genomic profiles [24]. We mainly focused on 
the SUVmax values of the metastatic lesion with the lowest 
change in 18F-FDG uptake, as the metastatic tumor with the 
worst response would determine survival. 

There were several strengths in our study. First, we used 
CRS system to assess the pathologic response at IDS. We 
assessed the pathologic grading scale such as CRS system, 
which validated its prognostic significance, and high repro-
ducibility [18,19]. Second, our study was the homogenous 
study cohort consisting of advanced-stage ovarian cancer 
patients who received protocol-based treatment at our insti-
tution [21]. Third, a definite value for SUVmax change that 
discriminates between metabolic responders and non-res-
ponders was presented using the ROC curve analysis in this 
study.

One of the limitations in our study was its retrospective 
design. Another was the small number of patients, and the 
short follow-up period. It may be a factor in which metabolic 
response did not reflected in OS. Interpretation of this study 
must be confined to short-term results, and further inves-
tigation with a prospective design and large population is 
needed. 

In this study, using sequential 18F-FDG-PET/CT and his-
to-pathological response evaluation with CRS system, we 
identified patients who did not respond to NAC and were 

not likely to benefit from IDS. It is important to identify poor 
metabolic response patients to avoid the risk of unnecessary 
surgical complications and toxicity due to ineffective treat-
ment. In patients without metabolic response to NAC, the 
chemotherapy regimen may be changed to the second-line 
therapy or earlier oncologic surgery should be considered 
before the performance status gets worse. 18F-FDG-PET/CT 
could provide initial information on tumor response in pati-
ents without clinical or radiologic progression on whether to 
continue the same NAC regimen, change to a different regi-
men, or to discontinue the regimen.

In conclusion, the change in SUVmax after one cycle of NAC 
offers powerful stratification of patient outcomes, early, dur-
ing treatment. Therefore, 18F-FDG-PET/CT can be useful in 
identifying patients who will not respond to NAC and meta-
bolic non-responder might be candidates for second-line 
chemotherapy and clinical trials, instead of IDS.
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Purpose
Circulating tumor DNA (ctDNA) is an attractive source for liquid biopsy to understand  
molecular phenotypes of a tumor non-invasively, which is also expected to be both a diag-
nostic and prognostic marker. PIK3CA and KRAS are among the most frequently mutated 
genes in epithelial ovarian cancer (EOC). In addition, their hotspot mutations have already 
been identified and are ready for a highly sensitive analysis. Our aim is to clarify the signifi-
cance of PIK3CA and KRAS mutations in the plasma of EOC patients as tumor-informed 
ctDNA.

Materials and Methods
We screened 306 patients with ovarian tumors for somatic PIK3CA or KRAS mutations. A 
total of 85 EOC patients had somatic PIK3CA and/or KRAS mutations, and the correspon-
ding mutations were subsequently analyzed using a droplet digital polymerase chain reac-
tion in their plasma.  

Results
The detection rates for ctDNA were 27% in EOC patients. Advanced stage and positive 
peritoneal cytology were associated with higher frequency of ctDNA detection. Preopera-
tive ctDNA detection was found to be an indicator of outcomes, and multivariate analy-
sis revealed that ctDNA remained an independent risk factor for recurrence (p=0.010). 
Moreover, we assessed the mutation frequency in matched plasma before surgery and at 
recurrence from 17 patients, and found six patients had higher mutation rates in cell-free 
DNA at recurrence compared to that at primary diagnosis. 

Conclusion
The presence of ctDNA at diagnosis was an indicator for recurrence, which suggests poten-
tial tumor spread even when tumors were localized at the time of diagnosis.   

Key words
Ovarian neoplasms, ctDNA, Biomarker, KRAS, PIK3CA
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Introduction

With the recent advances in molecular biology and its sur-
rounding technology, the approach to diagnosis and treat-
ment of cancers has dramatically changed [1]. Major can-
cer therapeutics involve a combination of cytotoxic drugs, 
but current treatment options are shifting toward molecu-
lar targeted agents [2,3] and immuno-oncology agents. To  
determine the appropriate treatment for individual patients, 
identification of appropriate biomarkers such as specific 
mutations or expression patterns are necessary. The liquid 
biopsy technology such as cell-free DNA (cfDNA) is becom-
ing an increasingly popular source of non-invasive biomark-

ers for diagnosis and disease monitoring in cancer patients 
[4]. The cell-free circulating tumor DNA (ctDNA) was first 
reported in 1948 [5]. ctDNA has been evaluated for assess-
ing metastasis, prognosis or diagnosis in breast, colorectal, 
lung cancer and various other neoplasms [6-11].

Epithelial ovarian cancer (EOC) is one of the more com-
mon cancers in women with more than 238,000 new cases 
diagnosed in 2012 worldwide [12]. Its mortality rate is 
highest among gynecologic cancers. With advancements 
of new systemic therapies and surgical techniques, the sur-
vival rate is improving. However, the total disease control  
remains poor because of eventual resistance to chemothera-
py or other targeted drugs [13]. Mutation and loss of TP53 or 
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BRCA1/2 function, or activation KRAS, BRAF, CTNNB1, and 
PIK3CA have been reported as genetic abnormalities in EOC 
[13]. KRAS and PIK3CA mutations are seen in around 10% 
of EOC. Since the hotspots of KRAS and PIK3CA mutations 
are well defined, analysis of those mutations represents a 
potentially sensitive and solid approach to evaluate ctDNA 
in the blood of EOC patients.

Reports of ctDNA for EOC have been increasing in 
the last few years. Most of the reports investigated TP53  
mutation because it is the most frequently mutated gene in 
high-grade serous ovarian cancer (HGSC). TP53 mutation 
monitoring in cfDNA of HGCS patients showed potential 
as a biomarker for treatment response [14]. ctDNA can 
be detected even in some of the cancers in the early stage  
including EOC [15]. Exploratory analysis of PIK3CA or 
KRAS mutations in cfDNA of 29 ovarian clear cell carcino-
ma (OCCC) patients showed shorter progression-free sur-
vival (PFS) in the patients with detectable ctDNA [16]. These  
reports encourage the use of ctDNA as a tool for diagnosis, 
monitoring disease progression and response to treatment 
in EOC patients [14-21]. However, tumor-informed ctDNA 
for PIK3CA or KRAS mutations of other ovarian histotypes 
were unclear, and the analysis as to whether it is prognostic, 
particularly in early stage EOC, has yet to be established.

Our aim in this study is to evaluate mutation rates of 
KRAS or PIK3CA in the plasma of patients with an ovarian 
tumor harboring KRAS or PIK3CA mutations using drop-
let digital polymerase chain reaction (ddPCR) in the larg-
est cohort thus far, and to analyze if there is an association 
between ctDNA status and clinicopathological features or 
clinical outcomes in EOC. In addition, we compared muta-
tion frequency in the matched plasma collected at the time 
of initial diagnosis and recurrence in those patients.  

Materials and Methods

1. Patients and sample collection
Patients with ovarian tumor who were treated in Saitama 

Medical University International Medical Center between 
2010 and 2016 were included in this study. The clinicopatho-
logical data was retrieved from medical records. Patients 
with non-epithelial ovarian tumors, synchronous cancer 
and ovarian metastasis from non-gynecological origin were 
excluded from this analysis. A total of 306 ovarian tumor  
patients were included in the analysis. 

Tumor specimens were collected from each patient at the 
time of initial surgery and stored at –80°C until use. Frozen 
tumor specimens from 306 patients with ovarian tumors 
were used for extraction of genomic DNA. In 306 patients, 
226 (73.9%), 15 (4.9%), 14 (4.6%), 43 (14.1), and eight (2.6%)  
patients had EOC, fallopian tube cancer, primary peritoneal 
cancer, borderline tumor and benign tumor, respectively (S1 

Table). We collected plasma from these patients before the 
surgery and stored at –80°C until use. In addition, we col-
lected the plasma of 17 patients who suffered a relapse at the 
time of recurrence.

2. Tumor genomic DNA and plasma cfDNA extraction
Genomic tumor DNA was extracted from approximately 

25-50 mg of frozen tumor sample using the NucleoSpin Tis-
sue kit (Macherey-Nagel, Duren, Germany) according to 
the manufacturer’s instructions. Quantification of genomic 
DNA (gDNA) was performed using NanoDrop (Thermo 
Fisher Scientific, Waltham, MA). cfDNA was extracted from 
0.5 mL of plasma (before surgery) and eluted in 60 μL of the 
supplied elution buffer using the QIAamp Circulating Nuc-
leic Acid Kit (50) (Qiagen, Hilden, Germany) according to 
the manufacturer’s instructions. 

3. Droplet digital PCR
ddPCR was performed using the PrimePCR for ddPCR 

PIK3CA E542K, E545K, H1047R or KRAS screening mul-
tiplex kit (G12A, G12C, G12D, G12R, G12S, G12V, G13D) 
(Bio-Rad catalog No. 186-3131, 186-3132, 186-3133 or 186-
3506, Hercules, CA). KRAS screening multiplex kit screens 
seven KRAS mutations in a single well simultaneously. This 
kit cannot determine each KRAS mutation separately. Reac-
tions were carried out in a reaction volume of 20 μL on a 
QX200 AutoDG Droplet Digital PCR System (Bio-Rad). The 
20 μL PCR mix was composed of 10 μL 2×ddPCR supermix 
for probes (no dUTP), 1 μL of each (target and reference) 20× 
amplification primer/probe mix (450 and 250 nmol/L, res-
pectively), 3 μL distilled water, and 5 μL gDNA or cfDNA 
extracted. The cycling conditions were as follows; initial  
denaturation at 95°C for 10 minutes, followed by 40 repea-
ted cycles of 94°C for 30 seconds and 55°C for 60 seconds, 
a step of 98°C for 10 minutes and finally samples were 
maintained at 4°C. Results were analyzed with Quatasoft 
v1.7.4 (Bio-Rad). All gDNA samples were first evaluated by 
ddPCR and confirmed by other PCR based methods. As for 
cfDNA, we repeated each experiment using ddPCR at least 
twice. If there was a discordance, we performed the third 
run for confirmation. We defined the mutation as positive 
when we saw more than one copy of mutation by ddPCR 
(S2 Fig.).

4. Statistical analysis
The statistical analysis was conducted using JMP version 

10 and GraphPad Prism 6 (GraphPad Software Inc., San 
Diego, CA). Chi-square tests were used to estimate associa-
tion between detection rate of mutation of ctDNA and clin-
icopathologial features. Survival analysis was performed 
by Kaplan-Meier methods and multivariate Cox regression 
models. Wilcoxon signed-rank test was performed to com-
pare the level of cancer antigen 125 (CA125) and ctDNA at 
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the time of recurrence and before the primary operation. 

5. Ethical statement
This study was approved by the Institutional Review 

Board of Saitama Medical University International Medical 
Center (#14-058). Informed consents including future resear- 
ch purposes were obtained from all patients in the previous 
studies (#10-078 and #12-096), and the Institutional Review 
Board approved to use the research materials in the current 
study.

Results

1. PIK3CA and/or KRAS mutations in ovarian tumors
A total of 306 patients who had ovarian tumors was 

screened for somatic PIK3CA and or KRAS mutations using 
their tumor specimens. A consort diagram of all patients in 
this study is shown in Fig. 1. Two hundred and fifty-five, 43 
and eight patients had EOC, borderline ovarian tumor and 
benign ovarian tumor, respectively. Among EOC patients, 
89 (34.9%), 82 (32.2%), 60 (23.5%), seven (2.7%), and 17 
(6.7%) patients had clear cell carcinoma, high-grade serous 
carcinoma, endometrioid carcinoma, mucinous carcinoma 
and other histotypes, respectively. 

We found that 114 patients out of 306 patients (37.3%) 
had tumors with somatic PIK3CA and/or KRAS mutations  
using ddPCR as described in the materials and methods 
section (Fig. 1). Those mutations were found in 85/255 
(33.3%), 25/43 (58.1%), 4/8 (50.0%) of EOC, borderline, and 
benign tumor, respectively (Fig. 1). In 255 EOC patients,  

somatic PIK3CA mutations were observed in 40/255 patients 
(15.7%), and KRAS mutations were observed in 48/255  
patients (18.8%) (Table 1). Three cases (1.2%) had both PIK-
3CA and KRAS mutations. 

2. PIK3CA and/or KRAS mutations in plasma circulating 
tumor DNA

Next, cfDNA from the plasma of those 114 patients who 
had tumor PIK3CA and/or KRAS was tested for the corres-
ponding mutations using ddPCR. We defined ctDNA detec-
tion to be positive when the corresponding mutations were 
detected in the plasma cfDNA. As shown in Table 1 and S3 
Table, positive ctDNA was found in 27.1% (23/85), 16.0% 
(4/25), and 0% (0/4) of patients with EOC, borderline and 
benign tumor, respectively. Each PIK3CA or KRAS mutation 
was detected in 11/40 (27.5%) and 12/48 (25.0%) of cfDNA 
in EOC patients, respectively. Each PIK3CA or KRAS muta-
tion was detected in 0/2 (0.0%) and 4/24 (16.7%) of cfDNA 
in borderline ovarian tumor patients, respectively. KRAS 
mutation was detected in 0/4 (0.0%) of cfDNA in benign 
ovarian tumor patients (Table 1).

3. Relationship between circulating tumor DNA and clin-
icopathological factors in EOC patients

We included only EOC patients in the subsequent analy-
ses. We investigated the relationship between ctDNA sta-
tus (positive or negative) and clinicopathological features 
in 85 EOC patients with PIK3CA and/or KRAS mutations 
(Table 2). High detection rate of ctDNA was associated with  
advanced stage and positive peritoneal cytology (p=0.008 
and p=0.007, respectively), but not with other factors such as 

Aiko Ogasawara, Evaluation of ctDNA in Gynecologic Cancer

Fig. 1.  Flow diagram. Numbers of patients who were included in the analyses. 

Ovarian tumor (n=306)

Tumors having neither PIK3CA nor
KRAS mutations were excluded (n=192)

Circulating tumor DNA (ctDNA) analysis

Epithelial cancer (n=255) Borderline (n=43) Benign (n=8)

Epithelial cancer (n=85)

Stage I/II (n=66) Stage III/IV (n=19)

Borderline (n=25) Benign (n=4)

Epithelial cancer (n=85) Borderline (n=25)

Ovarian tumor with somatic PIK3CA and/or KRAS mutations (n=114)

Benign (n=4)

Stage I/II 
ctDNA positive (n=13)
ctDNA negative (n=53)

Stage III/IV 
ctDNA positive (n=10)
ctDNA negative (n=9)

ctDNA positive (n=4)
ctDNA negative (n=21)

ctDNA positive (n=0)
ctDNA negative (n=4)
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age, histologic type and status of residual tumor at primary 
surgery (Table 2). 

4. Circulating tumor DNA and outcomes
Next, we examined a potential association between ctD-

NA status and patient outcomes. As shown in Fig. 2A and 
B, we observed that the ctDNA detection was associated 
with both shorter PFS and overall survival (OS) in EOC  
patients (p < 0.001 and p=0.017, respectively). Similar trends 
were observed when we separately analyzed the mutations 
for PIK3CA or KRAS. The PFS was significantly shorter in  
patients with PIK3CA or KRAS mutations in cfDNA (p=0.008 
and p=0.004, respectively) (Fig. 2C and E). However, ctDNA 
mutations for PIK3CA or KRAS showed no significant dif-
ference for the OS (p=0.118 and p=0.072, respectively) (Fig. 

2D and F).  
Additionally, we performed cox univariate analyses to  

assess the prognostic factors in those patients. We found 
that the ctDNA detection, stage and residual tumor status at 
the time of primary surgery were significant prognostic fac-
tors for PFS (p < 0.001, p < 0.001, and p < 0.001, respectively) 
(Table 3). Those factors were also significant prognostic fac-
tors for OS (p=0.012, p < 0.001, and p < 0.001, respectively) 
(Table 3). We further examined the multivariate analyses 
including ctDNA status, stage, and residual tumor status 
at the time of primary surgery, and histology. As shown in 
Table 3, ctDNA status, stage, residual tumor status at the 
time of primary surgery, and age remained as independ-
ent prognostic factors for PFS (p=0.010, p=0.001, p=0.006, 
and p=0.010, respectively). However, only histology, stage 

Table 1.  Detection rates for circulating tumor DNA (ctDNA)

                Positive/Cases with somatic mutations

 ctDNA: PIK3CA  
ctDNA: PIK3CA  ctDNA: KRAS

 and/or KRAS

Epithelial ovarian carcinoma 
    Total  23/85 (27.1) 11/40 (27.5) 12/48 (25.0)
    Stage I/II  13/66 (19.7) 7/32 (21.9) 6/37 (16.2)
    Stage III/IV 10/19 (52.6)  4/ 8 (50.0)  6/11 (54.5)
Borderline tumor 4/25 (16.0)  0/2 (0.0)  4/24 (16.7)
Benign tumor 0/4 (0.0)  -  0/4 (0.0)
Values are presented as number (%).

Table 2.  Relationship between ctDNA (PIK3CA and/or KRAS) detection and clinicopathological features in EOC patients

Characteristic Positive/Cases with somatic mutations  p-value

Age (yr)
    > 57 10/40 (25.0) 0.808
    ≤ 57 13/45 (28.9) 
FIGO stage   
    I/II 13/66 (19.7) 0.008
    III/IV 10/19 (52.6) 
Histology   
    Clear cell 12/36 (33.3) 0.833
    Endometrioid 6/29 (20.7) 
    Mucinous 2/7 (28.6) 
    Serous 2/8 (25.0) 
    Others 1/5 (20.0) 
Peritoneal cytology   
    Positive 16/38 (42.1) 0.007
    Negative  7/46 (15.2) 
Residual tumor at primary surgery   
    No 15/57 (26.3) 0.206
    Yes 7/15 (46.7)

Values are presented as number (%). ctDNA, circulating tumor DNA; EOC, epithelial ovarian cancer; FIGO, International Federation of 
Gynecology and Obstetrics. 
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and age remained independent prognostic factors for OS 
(p=0.006, p < 0.0001, and p=0.041, respectively).

5. A subgroup analysis of ctDNA in early stage EOC
As shown in Table 2, more than 50% of the tumor PIK3CA 

and/or KRAS mutations were found in early stage EOC, 
and we think that ctDNA may reflect potential tumor spread 
even when the tumor is clinically localized. Therefore, we 
analyzed ctDNA status in a subgroup of early stage (stage 

I-II) EOC patients. We found that 13 of 66 EOC patients 
(19.7%) who had stage I-II tumor were positive for ctDNA 
(Table 1). We found no association between ctDNA detec-
tion and any clinicopathological features in early stage EOC 
patients (age, International Federation of Gynecology and 
Obstetrics stage, histological type, and peritoneal cytology) 
(S4 Table). As shown in Fig. 2G, detection of ctDNA was 
associated with shorter recurrence-free survival (RFS) in 
early stage EOC patients (p=0.010, log-rank test). PIK3CA- 

Fig. 2.  Survival curves according to circulating tumor DNA (ctDNA) status, positive or negative. Progression-free survival (A) and overall 
survival (B) in all epithelial ovarian cancer (EOC) patients as to ctDNA status for PIK3CA and/or KRAS mutations (p=0.0001 and p=0.017, 
respectively). Progression-free survival (C) and overall survival (D) in all EOC patients as to ctDNA status for PIK3CA mutations (p=0.008 
and p=0.118, respectively). Progression-free survival  (E) and overall survival (F) in all EOC patients as to ctDNA status for KRAS muta-
tions (p=0.004 and p=0.072, respectively). (Continued to the next page)
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mutant and KRAS-mutant ctDNA in early stage EOC pati-
ents showed trends toward a shorter RFS (p=0.071 and 
p=0.050, respectively) (Fig. 2I and K). However, no statis-
tical difference was found in OS (p=0.725 and p=0.464,  
respectively) (Fig. 2J and L). We performed Cox univariate 
analyses to assess the prognostic factors including ctDNA 
status, stage, peritoneal cytology at the time of primary sur- 
gery, age and histology in early stage EOC patients. We 
found that ctDNA detection, peritoneal cytology at the time 
of primary surgery and age were significant prognostic fac-

tors for RFS in univariate cox regression models (S5 Table). 
However, in early stage EOC patients, we found no specific 
prognostic factors for OS in univariate cox regression mod-
els (S5 Table) and for both RFS and OS in the multivariate 
cox regression analysis (S6 Table).

6. Comparing ctDNA in paired plasma samples at primary 
and recurrent diagnosis in EOC patients

Tumors may change their molecular status during a relap-
se, metastasis or following chemotherapy-induced selection 

Fig. 2.  (Continued from the previous page) Recurrence-free survival (G) and overall survival (H) in stage I/II EOC patients as to ctDNA status 
for PIK3CA and/or KRAS mutations (p=0.010 and p=0.888, respectively). Recurrence-free survival (I) and overall survival (J) in stage I/
II EOC patients as to ctDNA status for PIK3CA mutations (p=0.071 and p=0.725, respectively). Recurrence-free survival (K) and overall 
survival (L) in stage I/II EOC patients as to ctDNA status for KRAS mutations (p=0.050 and p=0.464, respectively).
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pressure. We compared ctDNA status in 17 paired plasma 
samples collected at the time of initial diagnosis and first 
recurrence. Detailed patient information and ctDNA sta-
tus are described in S7 Table. Eight patients (47.1%) were 
ctDNA positive at the time of initial diagnosis, and seven of 
those eight patients (87.5%) remained ctDNA positive at the 
time of their first recurrence. We observed that one patient 
was ctDNA negative at the time of initial diagnosis but it 
became positive during recurrence. As shown in Fig. 3A, we 
did not observe any difference in the amount of cfDNA in 
the primary and recurrent tumor. The median total cfDNA 
(included mutation and wild-type) was 1,944 (range, 1,080 
to 29,484 copies/mL) and 1,992 (range, 386 to 118,092 cop-
ies/mL) in patients with primary and recurrent tumors, res-
pectively. When we examined the mutation rate in cfDNA, 

six of 17 patients (35.3%) had higher mutation rates in cfD-
NA at the time of recurrence compared to that at the time of 
primary diagnosis. However, no statically change was obser-
ved (Fig. 3B). In contrast, the levels of serum CA125 was 
lower and the tumor size was smaller when the patients had 
a recurrent tumor compared to that at the time of primary 
diagnosis (p < 0.0001) (Fig. 3C and D). 

Discussion

In this study, we evaluated ctDNA status in EOC patients 
by investigating PIK3CA and KRAS mutations in the plasma 
cfDNA using ddPCR, and found ctDNA detection in 27.1% 
of EOC patients, 19.7% in early stage and 52.6% in advanced 

Table 3.  Cox regression models for overall and progression-free survival in EOC patients

                            Progression-free survival                             Overall survival

 HR (95% CI) p-value HR (95% CI) p-value

Univariate 
    ctDNA    
        Positive 1 ( < 0.001 1 ( 0.012
        Negative 0.25 (0.13-0.50)  0.31 (0.12-0.77) 
    Histology
        Clear cell  1 ( 0.477 1 ( 0.167
        Others 0.78 (0.40-1.56)  0.25 (0.21-1.31)  
    Stage
        I/II 1 ( < 0.001 1 ( < 0.001
        III/IV 8.16 (3.93-16.93)  15.55 (5.89-48.53)
    Residual tumor
        No  1 ( < 0.001 1 < 0.001
        Yes 6.64 (3.17-13.66)  6.96 (2.73-18.34) 
    Age (yr)
        > 57  1 ( 0.069 1 ( 0.309
        ≤ 57  1.89 (0.95-3.84)  1.60 (0.65-4.17) 
Multivariate      
    ctDNA
        Positive 1 ( 0.010 1 ( 0.410
        Negative 0.38 (0.18-0.79)  0.65 (0.24-1.83) 
    Histology
        Clear cell 1 ( 0.137 1 ( 0.006
        Others 0.56 (0.27-1.20)  0.20 (0.059-0.64)  
    Stage
        I/II  1 ( 0.001 1 ( < 0.001
        III/IV 5.26 (2.11-12.91)  20.41 (5.34-89.12) 
    Residual tumor
        No  1 ( 0.006 1 ( 0.107
        Yes 3.41 (1.43-7.90)  2.57 (0.81-8.16) 
    Age (yr)
        > 57   1 ( 0.010 1 ( 0.041
        ≤ 57  2.61 (1.26-5.67)  2.97 (1.04-9.10)  
  EOC, epithelial ovarian cancer; HR, hazard ratio; CI, confidence interval; ctDNA, circulating tumor DNA.  
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stage patients. The presence of ctDNA in the blood at the 
time of primary treatment was an independent prognostic 
factor for recurrence or relapse in EOC patients. In addition, 
increased mutation rates in cfDNA was observed in patients 
with recurrence compared with those at primary treatment.

There are some reports of tumor-informed mutations in 
cfDNA of EOC patients [14,16-20,22]. However, most of 
the studies have addressed a relatively small EOC patient  
cohort. Because of a high frequency of mutations in the TP53 
gene in HGSC patients, most of the reports for EOC previ-
ously examined TP53 mutations in plasma cfDNA [14,17-20]. 
The first report of tumor-specific mutations in cfDNA for 
EOC evaluated TP53 gene mutations, which were examined 
by fluorescence-based single-strand conformation polymor-
phism. Forty-four percent (12/27) of the patients with EOC 
were found to have a TP53 mutation in the tumor, and 16.7% 
(2/12) of those patients had matched mutations in the plasma 
cfDNA [19]. Morikawa et al. [16] investigated PIK3CA and 
KRAS mutations in 29 cases of OCCC. Eight of 29 patients 
(27.6%) had PIK3CA and/or KRAS mutations, and they  
observed ctDNA in three of those (37.5%) patients by ddP-
CR [16]. KRAS and PIK3CA mutations in cfDNA were also 
evaluated in endometrial cancer by targeted sequencing, 
and 14% (2/14) and 33% (7/21) of the tumors had KRAS and 
PIK3CA mutations in cfDNA, respectively [23]. Our study 
demonstrated ctDNA detection in 27.1% of plasma cfDNA 

of EOC patients using ddPCR for KRAS and PIK3CA muta-
tions. It is mostly in agreement with previous studies, and 
is the largest sample size assessing detection rate of plasma 
cfDNA in EOC patients. 

We observed that ctDNA detection was associated with 
advanced stage and positive peritoneal cytology (p=0.008 
and p=0.007, respectively). In 40 patients with HGSC, the 
levels of ctDNA (AC/mL) for TP53 mutations correlated 
with tumor volume measured using 3D volume reconstruc-
ting from computed tomography (CT) images [20]. Howev-
er, the other report for EOC showed no correlation between 
ctDNA status and other clinical and pathological factors in 
69 EOC patients [17]. This discrepancy might be attributed 
to the fact that their study included only HGSC patients 
mostly in advanced stage disease, unlike our study that  
included all histotypes. When other types of cancers we  
examined, the clinical stage was reported to be the only 
clinical factor that affected the detection rate of ctDNA in 
colorectal cancer patients [24]. Higher performance status, 
presence of bone metastasis and metastasis in three or more 
organs were associated with high ctDNA detection rate in 
lung adenocarcinoma patients who had epidermal growth 
factor receptor (EGFR) driver mutations [25]. 

We demonstrated that presence of ctDNA in the blood at 
the time of initial treatment was found to be a prognostic 
factor for PFS and OS in EOC patients harboring PIK3CA 

Fig. 3.  Quantitative analysis of circulating tumor DNA (cfDNA) at the time of primary treatment and at recurrence. (A) Total mutation 
copies in plasma. (B) Mutation frequency in cell-free DNA (cfDNA) ([mutated copies/wild type copies]×100). (C) Levels of serum cancer 
antigen 125 (CA125). (D) Tumor size.
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and/or KRAS somatic mutations. Our data are mostly in 
agreement with previous preliminary reports by other  
investigators. TP53, PIK3CA, or KRAS mutations in cfDNA 
were associated with poorer survival in ovarian cancer [16-
18,20,21], but they included a limited sample size in those 
analyses. Previous reports have shown that not only in EOC, 
but also other cancer types including endometrial, breast, 
colon and pancreatic cancer positive for ctDNA, was also  
associated with worse prognosis [3,18,26,27]. Our study 
demonstrated for the first time that ctDNA detection in 
plasma at the time of initial treatment was an independent 
prognostic factor by multivariate cox analysis in EOC pati-
ents. However, ctDNA was not shown to be an independent 
prognostic factor for OS in this study. This might be in part 
due to the complex treatments for recurrent EOC patients or 
limited events for multivariate analysis on OS in this study. 
We also investigated the role of ctDNA in each histotype. 
We found both PFS and OS were decreased in patient with 
clear cell carcinoma who had ctDNA compared to those 
who did not (S8A and S8B Fig.). The PFS but not the OS was 
decreased in the patients with endometrioid carcinoma who 
had ctDNA compared to those who did not (S8C and S8D 
Fig.). In contrast, no difference was found in either PFS or 
OS for serous and mucinous carcinoma. However, the num-
bers of cases in those two histologic types were limited (S7E-
S7H Fig.). 

This is the first report comparing paired plasma samples 
at the time of primary surgery and recurrence for ctDNA 
evaluation. The levels of serum CA125 and the tumor size 
decreased at the time of relapse than those at the time of pri-
mary treatment. Interestingly, we found a higher mutation 
rate in plasma cfDNA at the time of recurrence compared 
with at the time of primary treatment though statistically 
not significant. This may be partly explained by the different 
molecular status between the primary and relapsed disease. 
PIK3CA or KRAS mutant clones may be enriched during 
the relapse, suggesting a more aggressive phenotype with 

PIK3CA/KRAS mutants. By monitoring plasma ctDNA, we 
may detect ovarian cancer relapse earlier. Other reports also 
showed that ctDNA was detected in six of 44 patients with 
ovarian or endometrial cancer, even when CT scanning was 
negative for those tumors [18]. A few cases of OCCC were 
shown to have increased ctDNA earlier than CA125 at the 
time of relapse [16]. 

Our study has several limitations. One is the retrospec-
tive design and the second is modest sample size and all 
cases arising from single institute, and specifically studying 
cases with PIK3CA and KRAS mutations without studying 
TP53 mutations, which might affect the survivals in HGSC 
patients. The limited amount of plasma used in this study 
might affect the detection rate. Further studies using a large 
sample size or prospective design are warranted.

In conclusion, plasma ctDNA was detected in approxi-
mate 30% of EOC patients at the time of initial treatment in 
this study. The presence of ctDNA in the blood was shown 
to be an indicator for outcomes in EOC patients, suggesting 
that the presence of ctDNA could predict tumor spread even 
in cases of localized tumors.  
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Purpose
This study aimed to present a single institutional experience with BRCA1/2 gene tests and 
the effects of pathogenic mutations in epithelial peritoneal, ovarian, and fallopian tube 
cancer (POFTC) on survival outcomes.  

Materials and Methods
We identified patients with epithelial POFTCs who underwent BRCA1/2 gene testing by 
either germline or somatic methods between March 2007 and March 2020. Based on 
the BRCA1/2 test results, patients were divided into BRCA mutation and wild-type groups, 
followed by comparisons of clinicopathologic characteristics and survival outcomes after 
primary treatment.    

Results
The annual number of POFTC patients who received BRCA1/2 gene tests increased gradu-
ally. In total, 511 patients were included and BRCA1/2 mutations were observed in 143 
(28.0%). Among 57 patients who received both germline and somatic tests, three (5.3%) 
showed discordant results from the two tests. Overall, no differences in progression-free 
survival (PFS; p=0.467) and overall survival (p=0.641) were observed between the BRCA 
mutation and wild-type groups; however, multivariate analyses identified BRCA1/2 muta-
tion as an independent favorable prognostic factor for PFS (adjusted hazard ratio [aHR], 
0.765; 95% confidence interval [CI], 0.593 to 0.987; p=0.040). In 389 patients with Inter-
national Federation of Gynecology and Obstetrics stage III-IV, different results were shown 
depending on primary treatment strategy: while BRCA1/2 mutation significantly improved 
PFS in the subgroup of neoadjuvant chemotherapy (aHR, 0.619; 95% CI, 0.385 to 0.995; 
p=0.048), it did not affect patient PFS in the subgroup of primary debulking surgery (aHR, 
0.759; 95% CI, 0.530 to 1.089; p=0.135).

Conclusion
BRCA1/2 mutations are frequently observed in patients with epithelial POFTCs, and such 
patients showed better PFS than did those harboring wild-type BRCA1/2.

Key words
Genital neoplasms, Female, Ovarian neoplasms, Germline test, Somatic test, 
BRCA1/2 mutation, Clinical outcome, Survival outcome
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Introduction

Ovarian cancer is the most lethal gynecologic malignancy 
and is estimated to account for 295,000 new cases and 185,000 
cancer deaths annually worldwide [1]. Recent studies view 
epithelial peritoneal, ovarian, and fallopian tube cancers 
(POFTCs) as a single disease group that shares a common 
pathogenesis, diagnosis, and treatment [2]. Epithelial POFTCs 
tend to be diagnosed at an advanced-stage and show high 

recurrence and mortality rates, despite the standard primary 
treatment. Approximately 15% to 20% of patients with epi-
thelial POFTCs present genetic predisposition or hereditary 
factors, with BRCA1/2 identified as well-known causal genes 
[3,4]. 

Women harboring germline mutations in either BRCA1/2 
are at an excessive risk of developing both breast cancer (BC) 
and ovarian cancer [5,6]. Offspring of a germline BRCA1/2-
mutation carrier have a 50% chance of inheriting the patho-
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genic or likely pathogenic variant. Moreover, patients harbor-
ing germline or somatic BRCA1/2 mutations with primary or 
platinum-sensitive relapsed POFTC experience positive sur-
vival outcomes from poly(ADP-ribose) polymerase (PARP) 
inhibitors based on their synthetic lethality [7-12]. Therefore, 
current guidelines from the Korean Society of Gynecologic 
Oncology recommend that patients with epithelial POFTC 
patients undergo BRCA1/2 gene testing [13].

Previous studies have focused on the prognostic aspect 
of BRCA1/2 mutations, frequently reporting that BRCA1/2 
mutations confer a survival advantage relative to wild-type 
BRCA1/2 due to better response to platinum-based chemo-
therapy [14]. However, further analysis revealed that the 
study populations and designs, as well as the specific results, 
differ among studies. Although overall survival (OS) was 
improved in patients carrying BRCA1/2 mutations [14,15], 
some studies identified advantages for only those harboring 
BRCA2 mutations [16,17]. In our previous study that included 
patients with advanced-stage ovarian high-grade serous car-
cinoma (HGSC), longer progression-free survival (PFS) but 
not OS was associated with germline BRCA1/2 mutations [18].

Therefore, additional scientific evidence concerning the  
effects of BRCA1/2 mutations on POFTC prognosis according 
to the primary treatment strategy is necessary, especially in 
patients of Korean ethnicity. In this study, we investigated the 
impact of BRCA1/2 mutational status on survival outcomes 
in patients with epithelial POFTC. Additionally, we present 
a single institutional experience with germline and somatic 
BRCA1/2 gene testing not limited by initial International Fed-
eration of Gynecology and Obstetrics (FIGO) stage or histo-
logic type.

 
Materials and Methods

1. Study population
Since starting germline BRCA1/2 gene testing, our insti-

tution has conducted this test in patients with BC present-
ing a strong family history of BC or with family members 
harboring BRCA1/2 mutations. In March 2007, patients with 
epithelial POFTC also began to receive germline BRCA1/2 
gene testing. In September 2017, our institutional hospital 
launched a targeted next-generation sequencing (NGS) can-
cer panel for clinical purposes, which enabled identification 
of somatic BRCA1/2 mutational status in patients with epi-
thelial POFTC. 

To include all possible cases meeting the study purpose, we 
established the following inclusion criteria: (1) patients path-
ologically diagnosed with and treated for epithelial POFTC; 
and (2) patients who received either germline BRCA1/2 
gene testing or a somatic NGS cancer panel between March 
2007 and March 2020, and thus whose germline or somatic 
BRCA1/2 mutational status was verified. By contrast, we  

excluded patients with insufficient clinicopathologic data or 
those lost to follow-up during primary treatment.

We identified 563 patients from the Ovarian Cancer Cohort 
of the institution who met these criteria. For fair compari-
sons, we further excluded 52 patients who were enrolled in 
past or current clinical trials, during their primary treatment, 
which could affect survival outcomes.

2. Germline and somatic BRCA1/2 gene test
Germline BRCA1/2 gene testing methods at the Seoul  

National University Hospital (SNUH) were described in our 
previous study [18]. As of February 2016, the method has 
been changed from direct sequencing (Sanger sequencing) 
to NGS of BRCA1/2 genes. Sequence variants found in NGS 
were confirmed by Sanger sequencing. 

For somatic BRCA1/2 gene testing, we used an NGS can-
cer panel named “SNUH FIRST-Cancer panel version 3.1” 
and performed DNA collection and profiling from archival 
formalin-fixed paraffin-embedded (FFPE) tumor tissues, 
as described previously [19]. Briefly, genomic DNA was  
extracted from FFPE tissues using the ReliaPrep FFPE gDNA 
miniprep system (Promega, Madison, WI), and a library 
was constructed using the SureSelectXT target enrichment 
protocol (Agilent Technologies, Carlsbad, CA) for Illumina 
paired-end sequencing (2×101 bp), which was performed on 
the Illumina Hiseq 2500 platform (Illumina, Carlsbad, CA). 
Details of the reporting algorithms used for single-nucleo-
tide variants, copy number variants, and structural variants 
were also described previously [19]. The SNUH FIRST-Can-
cer panel version 3.1 provides information on all exons of 
183 genes, specific introns of 23 fusion genes, the TERT pro-
moter region, eight microsatellite-instability markers, and 45 
drug-target lesions, covering a total length of approximately 
1.949 Mbp. Of these, we focused on genomic alterations of 
BRCA1/2 genes.

We referenced the detected BRCA1/2 variants in two rep-
resentative databases, the Breast Cancer Information Core 
(BIC) and the National Institutes of Health open-access  
database of clinically observed variants and their classifi-
cation (ClinVar), and the literature. Sequence variants in 
BRCA1 and BRCA2 were classified into five categories accor- 
ding to the recommendation of the American College of 
Medical Genetics and Genomics and the Association for  
Molecular Pathology [20]. In the present study, we regarded 
patients with “pathogenic” and “likely pathogenic” variants 
as the BRCA mutation group (BRCAmut; study group) and 
the rest of the patients as the BRCA wild-type group (BR-
CAwt; control group). 

3. Data collection
Review of medical records and pathologic reports allowed 

collection of the following clinicopathologic data: age at dia-
gnosis, histologic type, FIGO stage, initial serum cancer anti-
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gen 125 levels, and primary treatment strategy. We consid-
ered optimal debulking to have occurred when the surgery 
resulted in the largest size of the residual tumor being < 1 
cm. All patients received taxane- and platinum-based chemo-
therapy as part of their primary treatment unless they had 
low-grade IA/IB disease according to the 2014 FIGO staging 
system. Additionally, we retrieved personal and familial his-
tories of cancer and the number of affected family members 
up to the second degree.

For survival analyses, PFS was defined as the time interval 
between the date of initial diagnosis and the date of disease 
progression confirmed by the Response Evaluation Criteria 
in Solid Tumours ver. 1.1 [21]. OS was defined as the time 
interval between the date of initial diagnosis to the date of 
cancer-related death or last visit. 

4. Statistical analysis
Baseline clinicopathologic characteristics and survival out-

comes were compared between the BRCAmut and BRCAwt 
groups. We used a Student’s t or Mann-Whitney U test for 
comparisons of continuous variables, and Pearson’s chi-
squared or Fisher exact test for comparisons of categorical 
variables. For survival analyses, the Kaplan-Meier method 
with log-rank test and Cox proportional hazards regression 
models were used. We calculated the adjusted hazard ratio 

Fig. 1. Annual number of BRCA1/2 gene tests among patients with peritoneal, ovarian, and fallopian tube cancers (POFTCs) and according 
to changes in sociomedical environment in Korea. NHIS, National Health Insurance Service; RRSO, risk reducing salpingo-oophorecto-
my; KFDA, Korea Food and Drug Administration; PSR, platinum-sensitive relapsed; HGS, high-grade serous; KSGO, Korean Society of  
Gynecologic Oncology; NGS, next-generation sequencing; HG, high-grade; HRDpos, homologous recombination deficiency-positive.
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Fig. 2.  Aerial chart depicting proportion of patients who under-
went germline and somatic BRCA1/2 gene tests along with the 
test results.
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Table 1.  Clinicopathologic characteristics of the study population

Characteristic Total (n=511) BRCA wild-type (n=368) BRCA mutation (n=143) p-value

Age (yr)  54.3±10.9 54.5±11.5 53.9±9.3 0.557
Parity 1.9±1.3 1.9±1.3   1.9±1.0 0.394
Origin    
    Ovary 481 (94.1) 345 (93.8) 136 (95.1) 0.705
    Fallopian tube 14 (2.7) 10 (2.7) 4 (2.8) 
    Peritoneum 16 (3.1) 13 (3.5) 3 (2.1) 
Hx of BC 58 (11.4) 29 (7.9) 29 (20.3) < 0.001
Hx of other cancers  28 (5.5) 18 (4.9) 10 (7.0) 0.349
Family Hx of POFTC 27 (5.3) 7 (1.9) 20 (14.0) < 0.001
    No. of relatives  0.1±0.2    0.0±0.1   0.2±0.4 < 0.001
Family Hx of BC 45 (8.8) 16 (4.3) 29 (20.3) < 0.001
    No. of relatives 0.1±0.4  0.1±0.2   0.3±0.6 < 0.001
Family Hx of other cancers 111 (21.7) 74 (20.1) 37 (25.9) 0.156
FIGO stage    
    I 72 (14.1) 65 (17.7) 7 (4.9) 0.001
    II 50 (9.8) 39 (10.6) 11 (7.7) 
    III 259 (50.7) 177 (48.1) 82 (57.3) 
    IV 130 (25.4) 87 (23.6) 43 (30.1) 
Histology    
    High-grade serous 368 (72.0) 246 (66.8) 122 (85.3) 0.001
    Low-grade serous 11 (2.2) 10 (2.7) 1 (0.7) 
    Endometrioid 43 (8.4) 37 (10.1) 6 (4.2) 
    Mucinous 16 (3.1) 13 (3.5) 3 (2.1) 
    Clear cell 42 (8.2) 40 (10.9) 2 (1.4) 
    Mixed 14 (2.7) 10 (2.7) 4 (2.8) 
    Others 8 (1.6) 6 (1.6) 2 (1.4) 
    Unknown 9 (1.8) 6 (1.6) 3 (2.1) 
Tumor grade    
    1 30 (5.9) 27 (7.3) 3 (2.1) 0.027
    2 28 (5.5) 23 (6.3) 5 (3.5) 
    3 438 (85.7) 306 (83.2) 132 (92.3) 
    Unknown 15 (2.9) 12 (3.3) 3 (2.1) 
CA-125 (IU/mL) 695.5 (3.4-17,313) 666.5 (3.4-15,700) 767.0 (5.1-17,313) 0.085
Primary treatment strategy    
    PDS 379 (74.2) 278 (75.5) 101 (70.6) 0.255
    NAC 132 (25.8) 90 (24.5) 42 (29.4) 
Residual tumor after PDS/IDSa)    
    No gross 374 (73.2) 278 (75.5) 96 (67.1) 0.224
    < 1 cm 70 (13.7) 48 (13.0) 22 (15.4) 
    1-2 cm 23 (4.5) 13 (3.5) 10 (7.0) 
    ≥ 2 cm 22 (4.3) 17 (4.6) 5 (3.5) 
    Unknown 13 (2.5) 6 (1.6) 7 (4.9) 
Chemotherapy at primary treatment    
    Bevacizumab- containing regimen 30 (5.9) 19 (5.2) 11 (7.7) 0.362
    Non-bevacizumab regimen 464 (90.8) 335 (91.0) 129 (90.2) 
    No chemotherapy 17 (3.3) 14 (3.8) 3 (2.1) 
Recurrenceb) 324 (63.4) 231 (62.8) 93 (65.0) 0.634
    PSRc) 238 (46.6) 156 (42.4) 82 (57.3) 0.001
    PRR 78 (15.3) 67 (18.2) 11 (7.7) 
(Continued to the next page)
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(aHR) and 95% confidence interval (CI) for each variable. All 
statistical analyses were conducted by using SPSS software 
ver. 25.0 (IBM Corp., Armonk, NY), and a p < 0.05 was regar-
ded as statistically significant.

5. Ethical statement
This retrospective cohort study was approved by the Insti-

tutional Review Board of SNUH (No. C-2005-042-1122) and 
performed in accordance with the principles of the Declara-
tion of Helsinki. The requirement for informed consent was 
waived.

Results

1. BRCA1/2 gene test results
The annual number of POFTC patients who received 

BRCA1/2 gene tests increased gradually according to a series  
of sociomedical environment changes in Korea (Fig. 1). Of 
511 patients who underwent BRCA1/2 gene tests (418, 36, 
and 57 for germline test only, somatic test only, and both 
tests, respectively), BRCA1/2 mutations were observed in  
143 (28.0%), with 20.0% and 8.2% of patients harboring 
BRCA1 and BRCA2 mutations, respectively. One patient har-
bored mutations in both genes; however, germline testing 
identified only a BRCA2 mutation (c.9097dupA), whereas 
somatic testing identified an additional BRCA1 mutation 
(c.2206_2207delGA).

We observed differential BRCA1/2 mutational status in  
patients with POFTC according to the presence of BC and/or 
other cancers, such as colorectal and gastric cancers (S1 Fig.). 
Although the prevalence of BRCA1/2 mutations was low-
est among patients presenting POFTC only (24.9%), it was 

highest among those presenting POFTC, BC, and another 
cancer (triple cancers; 75.0%). Of the 54 patients presenting 
both POFTC and BC, BRCA1/2 mutations were identified in 
26 (48.1%).

Among 57 patients who received both germline and soma- 
tic tests, three (5.3%) showed discordant results in their clas-
sification into the BRCAmut and BRCAwt groups (Fig. 2). 
Specifically, one patient harboring germline BRCA1 mutation 
showed restoration of a wild-type BRCA1 sequence accor-
ding to somatic testing (true reversion), and the other two 
with germline BRCA1/2 wild-type were identified as harbor-
ing somatic BRCA1 mutation (acquired mutation). Details of 
BRCA1/2 test results and clinical information of the 57 pati-
ents are presented in S2 Table.

 
2. Characteristics of the study population

Patient characteristics are shown in Table 1. Age at diag-
nosis of POFTC was similar between the BRCAmut and  
BRCAwt groups. However, patients with BRCA mutations 
displayed significantly higher personal and family histories 
of BC and a higher family history of POFTC relative to those  
without BRCA mutations. Initial disease presentation also  
differed between groups, with the BRCAmut group showing 
more advanced disease and more frequent HGSC histology. 
In terms of primary treatment, there were no differences in 
the proportion of neoadjuvant chemotherapy (NAC) cases 
and residual tumor after debulking surgery between groups. 
In this study, 5.9% (30/511) of the study population received 
be acizumab-containing chemotherapy during primary treat- 
ment, and the proportion of bevacizumab users was simi-
lar between the BRCAmut and BRCAwt groups. No patient 
received maintenance with a PARP inhibitor after primary 
treatment.

Table 1.  Clinicopathologic characteristics of the study population

Characteristic Total (n=511) BRCA wild-type (n=368) BRCA mutation (n=143) p-value 

Genetic test methods    
    Germline only 418 (81.8) 296 (80.4) 122 (85.3) 0.264
    Somatic only 36 (7.0) 30 (8.2) 6 (4.2) 
    Both 57 (11.2) 42 (11.4) 15 (10.5) 
BRCA1 mutational status    
    Wild-type  409 (80.0) 368 (100) 41 (28.7) < 0.001
    Mutation 102 (20.0) 0 ( 102 (71.3) 
BRCA2 mutational status     
    Wild-type 469 (91.8) 368 (100) 101 (70.6) < 0.001
    Mutation 42 (8.2) 0 ( 42 (29.4)
Values are presented as mean±SD, number (%), or median (range). Hx, history; BC, breast cancer; POFTC, peritoneal, ovarian, and fallopian 
tubal cancers; FIGO, International Federation of Gynecology and Obstetrics; CA-125, cancer antigen 125; PDS, primary debulking surgery; 
NAC, neoadjuvant chemotherapy; IDS, interval debulking surgery; PSR, platinum-sensitive recurrence; PRR, platinum-resistant recurrence; 
SD, standard deviation. a)Nine patients did not receive debulking surgery, b)Among the recurred, eight patients did not receive taxane- and 
platinum-based chemotherapy before, c)PSR was defined as relapse ≥ 6 months after completion of taxane- and platinum-based chemo-
therapy, whereas PRR as relapse < 6 months.
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BRCA1/2 mutations were observed in 33.2% of patients 
with HGSC (n=368), a higher percentage than in the whole 
study population. As shown in S3 Table, patient characteris-
tics were similar between the BRCAmut and BRCAwt groups, 
except for patient age, personal history of BC, and family his-
tory of BC and POFTC. In patients who had histologic types 
other than HGSC (non-HGSC, n=134), incidence of BRCA1/2 
mutation was 13.4%. As shown in S4 Table, patient charac-
teristics, such as primary treatment strategy and residual  
tumor after debulking surgery, were similar between the two 
groups, whereas family history of BC and POFTC differed. 

3. Clinical outcomes of all study populations
During the median observation period of 42.8 months, 93 

patients (65.0%) in the BRCAmut group and 231 (62.8%) in 
the BRCAwt group experienced disease recurrence. Despite 
the higher proportion of platinum-sensitive recurrence in 

the BRCAmut group (p=0.001), which referred to recurrence 
within 6 months after completion of platinum-based primary 
treatment, the two groups showed similar PFS (median, 22.9 
vs. 22.2 months; p=0.467) (Fig. 3A). However, multivariate 
analyses adjusting for age, FIGO stage, histologic type, pri-
mary treatment strategy, and residual tumor after debulk-
ing surgery revealed BRCA1/2 mutation as an independent  
favorable prognostic factor for PFS (aHR, 0.765; 95% CI, 0.593 
to 0.987; p=0.040) (Table 2). Both BRCAmut and BRCAwt 
groups showed similar OS (5-year survival rate, 88.7% vs. 
87.6%; p=0.641) (Fig. 3B), and multivariate analyses revealed 
that presence of BRCA1/2 mutations did not affect patient OS 
(Table 2). Use of bevacizumab in primary treatment did not 
improve patient PFS and OS in univariate and multivariate 
analyses.

Regarding the specific genes with mutations, we subdi-
vided the BRCAmut group into the BRCA1mut (n=101) and 

Fig. 3.  Survival outcomes of the study population (A, B), and further comparisons according to the mutated BRCA gene (C, D). (A, C) 
Progression-free survival (PFS). (B, D) Overall survival (OS). 
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BRCA2mut (n=42) groups. The one patient harboring muta-
tions in both genes was placed into the BRCA2mut group for 
statistical purposes. The BRCA1mut and BRCA2mut groups 
showed similar PFS and OS relative to the BRCAwt group 
(Fig. 3C and D). In multivariate analyses, BRCA1 mutation 
rather than BRCA1/2 wild-type was not a prognostic fac-
tor for improved PFS (aHR, 0.773; 95% CI, 0.575 to 1.040; 
p=0.089) and OS (aHR, 1.689; 95% CI, 0.870 to 3.280; p=0.121). 
Additionally, BRCA2 mutation did not affect patient PFS 
(aHR, 0.780; 95% CI, 0.522 to 1.166; p=0.226) and OS (aHR, 
0.403; 95% CI, 0.095 to 1.703; p=0.216), compared to BRCA1/2 
wild-type. 

4. Subgroup analysis according to histologic type
We performed subgroup analyses of patients in order 

to investigate the effect of BRCA1/2 mutations on survival 
outcomes according to the histologic type. Among patients 
with HGSC (n=368), no differences in PFS (p=0.576) and 
OS (p=0.980) were observed between the BRCAmut and 
BRCAwt groups (S5A and S5B Fig.). In multivariate analy-
ses, BRCA1/2 mutation was not associated with patient PFS 
(aHR, 0.785; 95% CI, 0.586 to 1.051; p=0.104) (S6 Table). 

Among patients with non-HGSC (n=134), the BRCAmut 
and BRCAwt groups showed similar PFS (p=0.321) and OS 
(p=0.450) (S5C and S5D Fig.). Multivariate analyses revealed 
that presence of BRCA1/2 mutations did not affect patient 
PFS (aHR, 0.530; 95% CI, 0.252 to 1.115; p=0.094) (S6 Table). 

5. Subgroup analysis according to primary treatment strat-
egy

We then performed subgroup analyses of only patients 
with stage III to IV disease (n=389) in order to determine 
differences in the effect of BRCA1/2 mutations on survival 
outcomes according to the primary treatment strategy. Over-
all, the BRCAmut and BRCAwt groups showed similar PFS 
(p=0.146) and OS (p=0.967) (S7A-S7C Fig.). However, mul-
tivariate analyses identified BRCA1/2 mutation as an inde-
pendent favorable prognostic factor for PFS (aHR, 0.722; 95% 
CI, 0.546 to 0.956; p=0.023), although not for OS (aHR, 1.066; 
95% CI, 0.547 to 2.078; p=0.851) (Table 3).

Among patients with stage III to IV disease who under-
went primary debulking surgery (n=257), we observed no 
differences in PFS (p=0.705) or OS (p=0.768) between the 
BRCAmut and BRCAwt groups and no difference in PFS  
according to specific gene mutation (S7D-S7F Fig.). Mul-
tivariate analyses revealed that BRCA1/2 mutation did not  
affect patient PFS (aHR, 0.759; 95% CI, 0.530-1.089; p=0.135) 
(Table 4).

Among patients with stage III to IV disease who under-
went NAC (n=132), the BRCAmut group showed better 
PFS with marginal significance than did the BRCAwt group 
(p=0.052), whereas a similar OS was observed between the 
two groups (p=0.619) (S7G-S7I Fig.). Additionally, multivari-

ate analyses identified BRCA1/2 mutation as an independent 
favorable factor for improved PFS (aHR, 0.619; 95% CI, 0.385 
to 0.995; p=0.048) (Table 4). 

Discussion

In this single-institution, retrospective cohort study, we 
presented the BRCA1/2 mutational status of patients with  
epithelial POFTC and evaluated its effect on survival out-
comes. We found a high incidence (28.0%) of BRCA1/2 muta-
tion and that germline or somatic BRCA1/2 mutations were 
associated with better PFS than were wild-type BRCA genes.

Identification of patients with BRCA1/2 mutations and 
evaluation of their clinical outcomes are important issues 
in POFTC. Individuals with POFTC confirmed as harboring 
germline BRCA1/2 mutations have an opportunity to under-
go treatment with PARP inhibitors. At the same time, they 
should undergo cancer surveillance for BC or other BRCA-
related cancers. Additionally, their family members might 
benefit from BRCA1/2 gene testing in aspect of cancer pre-
vention.

The incidence of BRCA1/2 mutation in patients with POF-
TCs varies among different histologic types, with HGSC  
being the most common type and showing the highest muta-
tion incidence (20%-25%) [22-24]. Consistently with previous 
studies, we found that the incidence of BRCA1/2 mutations 
was higher in patients with HGSC (33.2%) and lower in non-
HGSC patients (13.4%) relative to the overall study popula-
tion (28.0%). Specifically, incidences of BRCA1/2 mutations 
in endometrioid and clear cell carcinomas were 14.0% (6/43) 
and 4.8% (2/42), respectively. In Canadian and Australian 
populations, previous studies have reported that germline 
BRCA1/2 mutations were found in approximately 7% to 8% 
of patients with ovarian endometrioid and clear cell carci-
noma [15,25]. Although our study included a substantial 
number of Korean patients with non-HGSC POFTC (n=134), 
the sample size for each histologic type was so small that 
proper comparisons were difficult between our study results 
and those from previous studies. Considering that ovarian 
clear cell carcinoma is more common in East Asian popula-
tions than in Western populations [26], BRCA1/2 test results 
from East Asians might differ from those from other regions. 
Therefore, an East Asian collaborative research is necessary 
to ascertain the exact incidences of BRCA1/2 mutations in 
specific histologic types of epithelial POFTC. 

Regarding survival outcomes, we identified BRCA1/2 muta- 
tion as a favorable prognostic factor for PFS in the entire 
study population in consistence with previous studies repor- 
ting associations between BRCA1/2 mutation and improved 
PFS [14,15,18,27]. We also observed similar results in patients 
with stage III to IV disease, especially in those who under-
went NAC. This improved PFS in patients with POFTC har-
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boring BRCA1/2 mutations is likely due to a high response 
rate to platinum-based chemotherapy mediated by vulne-
rability to DNA double-strand breaks [28,29]. However, 
BRCA1/2 mutational status did not affect patient PFS in the 
subgroup of primary debulking surgery, which might be 
explained by our institution’s high optimal debulking rate 
(85.8%; 211/246), possibly offsetting BRCA-related favorable 
chemotherapy response. 

Despite the elongated PFS in patients with BRCA1/2 muta- 
tions, we did not observe differences in patient OS accord-
ing to BRCA1/2 mutational status, which differs from previ-
ous studies [15,30,31]. This deviation might originate from 
our study population not being limited by a specific stage or 
histologic type of epithelial POFTCs. In addition, as BRCA 
mutated tumor gains resistance through the sequential che- 
motherapy, it is likely that the initial high response to chemo-
therapy does not lead to improved OS. Although the mecha-
nisms of acquired chemoresistance are heterogeneous, resear- 
chers have commonly reported secondary mutations in 
BRCA1/2 genes, or reversion mutations, that restores homol-
ogous recombination repair functions [32,33]. Sokolenko et 
al. [34] also reported rapid selection of pre-existing BRCA1-
proficient tumor clones during chemotherapy in ovarian 
cancer patients who had germline BRCA1 mutations. Devel-
opment of individualized, novel treatment strategies reflect-
ing each patient’s specific mechanisms underlying chemore-
sistance are highly warranted to improve patient OS. 

The advent of treatment strategies involving the two PARP 
inhibitors olaparib and niraparib for POFTC has increased 
the demand for BRCA1/2 gene testing in Korea. Based on 
the findings that tumors with somatically acquired BRCA1 
or BRCA2 pathogenic mutations respond to PARP inhibi-
tors [10-12], physicians at our institution are recommending 
somatic testing to patients harboring wild-type BRCA1/2  
according to germline test results and vice versa in order to 
expand candidate options for PARP inhibitors. As a result, 57 
patients from the study population received both germline 
and somatic tests. The results of both tests within the same 
patient can be inconsistent due to differences in both the 
methods and specimens used. In the present study, among 
13 patients with both germline and somatic BRCA1/2 muta-
tions, two (15.4%) showed different variations of BRCA1/2 
mutations, which is similar to a previous study from another 
institution in Korea [35]. However, a difference in patient 
classification represents an important issue. Classification 
of patients into BRCAmut and BRCAwt groups resulted in 
a 5.3% (3/57) discordance rate. Of the 57 patients receiving 
both germline and somatic tests, solitary germline testing 
failed to identify two patients harboring somatic BRCA1/2 
mutations (3.5%), and solitary somatic testing failed to iden-
tify one patient harboring germline BRCA1/2 mutations 
(1.8%). Therefore, this suggests an advantage to conducting 
both germline and somatic testing in order to identify single 

BRCA1/2 mutations. However, clinicians need to consider 
the accuracy of each test, as well as testing cost-effectiveness 
and available resources.

Although the Korea Food and Drug Administration 
(KFDA) recently permitted olaparib maintenance for newly 
diagnosed, high-grade POFTC involving BRCA1/2 mutation 
in October 2019, few patients at our institution have actu-
ally received olaparib in this setting due to its high price; in 
the current study, none of the patients received maintenance 
with olaparib after primary treatment. Additionally, the use 
of niraparib for first-line maintenance has not yet been per-
mitted by the KFDA. Therefore, we could not observe the 
substantial survival benefit from PARP inhibitors reported in 
the phase 3 SOLO-1 [7] or PRIMA [8] trials in this study. It is 
expected that more patients will use PARP inhibitors in a pri-
mary setting if the price of the drugs is lowered or if changes 
in the sociomedical environment encourage the use of such 
drugs. However, as PARP inhibitors continue to increase in 
popularity, further investigation of the exclusive effect of 
BRCA1/2 mutations on survival outcomes will be increas-
ingly difficult to conduct.

This study has several limitations. First, selection bias or 
survival bias might exist due to the retrospective study design.  
Especially, in terms of baseline characteristics, FIGO stage 
differed significantly between the BRCA mutation and wild-
type groups. Second, initial tumor load and disease patterns  
were not examined. Third, despite collecting cases of BRCA1/2  
gene tests over a considerable time period (e.g., > 10 years 
for the germline test), some might argue that the sample size 
was small, especially for further comparisons according to 
the mutated BRCA gene types. Fourth, we only investigated 
details of the primary treatment. Nevertheless, because very 
small portion (5.9%) of the study population received beva-
cizumab during primary treatment, we could not assess sur-
vival benefit from bevacizumab exactly in relation with the 
BRCA1/2 mutational status. Finally, although we recognize 
that somatic testing conducted using an NGS cancer panel 
reports variants of genes other than BRCA1/2, we only con-
sidered and collected BRCA1/2 results for study purposes. 
Currently, we are planning further studies to investigate 
associations between deficiency in homologous recombina-
tion repair genes other than BRCA1/2 and POFTC patient 
survival outcomes. Nevertheless, we attempted to organize 
the experiences of our institution regarding BRCA1/2 gene 
testing and present them with systematic survival analyses. 

In conclusion, we found that BRCA1/2 mutations were 
frequently observed in patients with epithelial POFTCs. 
This study demonstrated that patients harboring pathogenic 
BRCA1/2 mutations showed a better prognosis with longer 
PFS than did those harboring wild-type BRCA1/2. These 
findings might have important implications for real-world 
practice and clinical trial design.
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Purpose
This study aimed to examine the causes of death in Korean patients who underwent radi-
cal prostatectomy for prostate cancer and investigate the relationship between comorbidity 
and mortality.  

Materials and Methods
We conducted a retrospective multicenter cohort study including 4,064 consecutive pati- 
ents who had prostate cancer and underwent radical prostatectomy between January 
1998 and June 2013. The primary endpoint of this study was all-cause mortality, and 
the secondary endpoints were cancer-specific mortality (CSM) and other-cause mortality 
(OCM). Charlson comorbidity index (CCI) was calculated to assess the comorbidities of each 
patient.   

Results
Of 4,064 patients, 446 (11.0%) died during follow-up. The cause of death was prostate 
cancer in 132 patients (29.6%), other cancers in 121 patients (27.1%), and vascular dis-
ease in 57 patients (12.8%) in our cohort. The overall 10-year CSM rate was lower than the 
OCM rate (4.6% vs. 10.5%). The 10-year CSM rate was lower than the OCM rate in low- to 
intermediate-risk group patients (1.2% vs. 10.6%), whereas they were similar in high-risk 
group patients (11.8% vs. 10.1%). In the multivariable analysis, CCI was independently  
associated with all-cause mortality after radical prostatectomy, regardless of age and path-
ologic features. 

Conclusion
Death from prostate cancer was rare in Korean men who underwent radical prostatectomy. 
Clinicians should be aware of the possibility of overtreatment of low-risk prostate cancer 
in men with significant comorbidity. Our findings may help to facilitate counseling and plan 
management in this patient group.
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Prostatic neoplasms, Survival, Comorbidity
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Introduction

Prostate cancer remains the most commonly diagnosed 
cancer in men worldwide [1]. Men with prostate cancer are 
generally considered to have favorable survival outcomes 

[2,3]. Many studies have reported low prostate cancer-specif-
ic mortality (CSM) rates in men with non-metastatic prostate 
cancer, thus highlighting the importance of other causes of 
death. A recent study reported that surgical treatment was 
not associated with significantly lower 20-year overall mor-
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tality or CSM than that in men with localized prostate cancer 
who are assigned to observation [4]. However, despite the 
emergence of conservative treatment, men with prostate can-
cer are most likely to be treated with radical prostatectomy 
[5].

Medical comorbidity is common among the aging popu-
lation with cancer, and this affects treatment efficacy [6]. 
Comorbidities have a particularly profound impact on the 
overall survival in men with prostate cancer as prostate 
CSM is low. In men with prostate cancer, the assessment of 
long-term other-cause mortality (OCM) is important for the 
selection of patients who have a high probability of experi-
encing survival benefit from aggressive radical treatment. 
Administering radical treatment for prostate cancer in men 
with low life expectancy due to other comorbidities may lead 
to overtreatment [7]. One study pointed out that men with 
significant comorbidity were often over-treated for low-risk 
prostate cancer [8]. Although several studies have reported 
on the causes of death after radical prostatectomy in West-
ern populations [9,10], these results may not be generalizable 
due to geographic and ethnic variations in prostate cancer 
characteristics and the prevalence of comorbidities.

In this multicenter study, we aimed to evaluate the causes 
of death after radical prostatectomy for prostate cancer in a 
Korean cohort. We also assessed the impact of comorbidity 
on mortality after radical prostatectomy.

Materials and Methods

1. Study design
To focus on survival outcomes after radical prostatectomy, 

patients who had received neoadjuvant or adjuvant thera-
py, had not achieved undetectable prostate-specific antigen 
(PSA) after surgery, or had inadequate clinical information 
were excluded from the analysis. The records of 4,064 men 
with prostate cancer who underwent radical prostatectomy 
(3,210 patients in Asan Medical Center and 854 patients in 
the National Cancer Center) between January 1998 and June 
2013 were reviewed. Patient data, including demographic 
and clinical characteristics, treatment-related variables, and 
survival outcomes, were evaluated retrospectively. For the 
assessment of comorbidities among the enrolled patients, the 
Charlson comorbidity index (CCI) and age-adjusted CCI of 
each patient were calculated [11].

The levels of PSA were followed up postoperatively at 
3-month intervals for the first 2 years, 6-month intervals 
for the third and fourth years, and annually thereafter. Bio-
chemical recurrence was defined as two consecutive rises in 
the PSA level of ≥ 0.2 ng/mL after radical prostatectomy. The 
decision on secondary treatment modalities after biochemi-
cal recurrence, including salvage radiotherapy, androgen 
deprivation therapy, or surveillance, was based on patient’s 

or physician’s discretion. Abdominopelvic computed tomo-
graphy and bone scanning were routinely performed at the 
time of biochemical relapse after radical prostatectomy and 
biochemical progression after secondary treatment. Radio-
graphic progression was evaluated using computed tomog-
raphy or magnetic resonance imaging for soft-tissue disease 
and bone scanning for bone disease. Survival was meas-
ured from the date of radical prostatectomy until the date 

Table 1.  Clinical and pathological characteristics of patients 

 Total (n=4,064)

Age, mean (yr) 65.1 (
    < 50  74 (1.8)
    50-60  763 (18.8)
    60-70  2,055 (50.6)
    70-80  1,154 (28.4)
    ≥ 80  18 (0.4)
Body mass index, mean (kg/m2) 24.7 (
Comorbidity  
    Hypertension  1,759 (43.3)
    Diabetes mellitus  638 (15.7)
    Other malignancy  141 (3.5)
    Heart disease  190 (4.7)
    Cerebrovascular disease  113 (2.8)
    Liver cirrhosis  50 (1.2)
    End-stage renal disease  6 (0.1)
    Chronic obstructive pulmonary disease  112 (2.7)
    Charlson comorbidity index 
        0 2,993 (73.6)
        1 380 (9.4)
        2 543 (13.4)
        ≥ 3 148 (3.6)
Prostate-specific antigen, mean (ng/mL) 13.0 (
NCCN risk group 
    Low 1,280 (31.5)
    Favorable intermediate 1,041 (25.6)
    Unfavorable intermediate 483 (11.9)
    High 1,260 (31.0)
Pathologic Gleason score 
    Unknown 129 (3.2)
    6 909 (22.4)
    3+4 1,368 (33.6)
    4+3 857 (21.1)
    8 343 (8.4)
    9-10 458 (11.3)
Pathologic T category 
    T2 2,573 (63.4)
    T3a 989 (24.3)
    T3b-T4 502 (12.3)
Positive lymph nodes 224 (5.5)
Positive surgical margins 1,309 (32.2)
Values are presented as number (%) unless otherwise indicated. 
NCCN, National Comprehensive Cancer Network.
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of death. The cause of death was determined according to 
medical records. 

Four-tier National Comprehensive Cancer Network (NC-
CN) risk groups defined by the guidelines were as follows: 
low risk: stage T1-T2a, Gleason score (GS) ≤ 6, and PSA < 10 
ng/mL; favorable intermediate risk: one intermediate-risk 
factor (IRF, that is, stage T2b-T2c or GS 7 or PSA 10-20 ng/
mL), GS 6 or 3+4, and < 50% biopsy cores positive; unfavora-
ble intermediate risk: two or three IRFs, GS 4+3, and ≥ 50% 
biopsy cores positive; high risk: stage T3a or GS 8–10 or PSA 
> 20 ng/mL [12]. Cancer of the Prostate Risk Assessment 
Postsurgical (CAPRA-S) score was also calculated based on 
preoperative PSA, pathologic GS, positive surgical margin, 
presence of extracapsular extension, seminal vesicle inva-
sion, and lymph node involvement [13].

Clinical and pathological data were expressed as frequen-
cies and means. Survival outcomes were determined using 
the Kaplan-Meier method and compared with log-rank tests. 
Significant prognostic factors for survival were assessed by 
multivariate analysis using the Cox proportional hazard 
model with stepwise backward elimination approach. Com-
peting risk regression was performed to test the association 
of predictor variables after accounting for prostate CSM and 
OCM. All statistical tests were two-tailed, with a significance 
level of 0.05. All statistical analyses were performed using 
SAS ver. 9.4 (SAS Institute Inc., Cary, NC) and R ver. 3.5.2 (R 
Foundation for Statistical Computing, Vienna, Austria).

2. Ethical statement
The study protocol was approved by the institutional  

review board of Asan Medical Center and National Cancer 
Center, Korea (AMC 2017-1036 and NCC 2018-0123). Infor-
med consent was waived.

Results

The clinical and pathological characteristics of the 4,064 
men with prostate cancer who underwent radical prostatec-
tomy in the two study centers, along with the baseline com-
orbidities, are summarized in Table 1. The median follow-up 
duration for enrolled patients was 92.6 months. Approxi-
mately 26.4% of the patients had CCI ≥ 1. During follow-up, 
446 patients died at a median of 74.7 months after radical 
prostatectomy. The cause of death was prostate cancer in 132 
patients (29.6%), other causes in 219 patients (49.1%), and  
unknown in 95 patients (21.3%) (Table 2).

The 10-year all-cause mortality rate was 15.5% in the over-
all population (Fig. 1). The 10-year CSM rate was lower than 
the OCM rate (4.6% vs. 10.5%) (Fig. 1). Comparisons between 
CSM and OCM stratified by preoperative risk groups are 
shown in Fig. 2A. The 10-year CSM rate was lower than the 
OCM rate in low- to intermediate-risk group patients (1.2% 
vs. 10.6%), but both were similar in high-risk group patients 
(11.8% vs. 10.1%).

The 10-year CSM rate was lower than the OCM rate in  
patients with pT2 (1.0% vs. 10.6%) and pT3a (5.4% vs. 10.2%) 
cancers. However, in patients with pT3b cancers, the 10-year 
CSM rate was higher than the OCM rate (20.1% vs. 10.4%). 
The 10-year CSM rate was lower than the OCM rate in  
patients with pathologic GS of ≤ 7 (1.5% vs. 10.3%). In  
patients with pathologic GS of 8-10, there was a trend toward 
having a higher 10-year CSM rate than OCM rate (14.8% vs. 
11.3%). A comparison between CSM and OCM according to 
the preoperative NCCN risk groups and age-adjusted CCI is 
shown in Fig. 3. The 10-year CSM rate was higher than the 
OCM rate only in NCCN high-risk patients with age-adjust-
ed CCI of < 3. 

In the multivariable analyses, CCI was significantly asso-

Table 2.  Causes of death after radical prostatectomy 

Cause of death Total (n=446)

Prostate cancer 132 (29.6)
Non-prostate cancer 219 (49.1)
    Other malignancy 121 (27.1)
        Lung 25 (5.6)
        Liver 11 (2.5)
        Colon, rectum, and anus 8 (1.8)
        Stomach 19 (4.2)
        Biliary tract and pancreas 29 (6.5)
        Hematopoietic malignancy 12 (2.7)
        Bladder 7 (1.6)
        Others 10 (2.2)
    Vascular disease 57 (12.8)
        Coronary heart disease 31 (7.0)
        Cerebrovascular disease 26 (5.8)
    Chronic pulmonary disease 22 (4.9)
    Chronic liver disease 5 (1.1)
    Other causes 14 (3.1)
Unknown 95 (21.3)
Values are presented as number (%).

Fig. 1.  Survival outcomes of the overall population.
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ciated with overall mortality after radical prostatectomy,  
regardless of age and pathologic features (Table 3). Compet-
ing risks regression analysis showed that CCI was associated 
with OCM, but not with CSM (Table 4).

Discussion

Treatment decisions for men with non-metastatic prostate 
cancer are mostly influenced by age and clinical cancer char-
acteristics [14,15]. Several previous studies have reported 
that men with prostate cancer were more likely to die from 
other causes, not prostate cancer [16,17]. In this study cohort,  
the overall OCM rate was significantly higher than the pro- 
state CSM rate, which is consistent with most previous stud-
ies. In a European study, the survival benefit of radical pros-
tatectomy ranged from 4.5% to 17.2% for low- to high-risk 
patients, in terms of risk reduction of CSM [18]. In a U.S. 
study that used the Surveillance, Epidemiology, and End  
Results database, the 10-year CSM rate of patients who  
underwent radical prostatectomy was 2.8% compared to 
5.8% in patients assigned to observation [19]. These previous  
reports indicate that the appropriate selection of patients 
who will benefit from radical prostatectomy is important  
because the survival benefit may not be significant in a sub-
stantial portion of the patient population. Another important 

aspect to be taken into consideration in the treatment deci-
sion for men with non-metastatic prostate cancer is individ-
ual medical comorbidity. Comorbidities are frequent in men 
diagnosed with prostate cancer and have been associated 
with mortality after radical treatment [20].

The number of prostate cancer survivors is expected to 
increase continuously because of demographic changes and 
advances in treatment methods. Considering the heterogene-
ity of prostate cancer characteristics and comorbidities accor- 
ding to different geographical and ethnic populations [21,22],  
in this study, we investigated the cause of death after radi-
cal prostatectomy in a Korean cohort. We found that mortal-
ity from prostate cancer accounted for only a fraction of the 
overall mortality in men who underwent radical prostatec-
tomy. Overall, the 10-year prostate CSM and OCM rates after 
radical prostatectomy in Korean men were similar to those  
recorded in the United States and European data [16,19,23,24].  
The difference between the prostate CSM and OCM rates 
also varied according to medical comorbidities. Many stud-
ies have evaluated the impact of comorbidities on mortality 
in men with prostate cancer [7,14,16,19,25,26]. Consistent 
with previous findings, our findings showed that comor-
bidity was independently associated with overall mortality, 
regardless of age and pathologic features. Our data showed 
that the rate of mortality from prostate cancer was higher 
than mortality rate from other causes only in patients with 

Fig. 2.  Survival outcomes according to the preoperative National Comprehensive Cancer Network risk group.
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Fig. 3.  Survival outcomes according to comorbidities and preoperative National Comprehensive Cancer Network risk group. CCI, Charl-
son comorbidity index.
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NCCN high-risk disease and low age-adjusted CCI (< 3). 
In this study, we chose the four-tier NCCN risk groups  
because they have been widely used in current clinical practice.  
Additionally, we analyzed survival outcomes according 
to the CAPRA-S scores, and this yielded similar results (S1 
Fig.). In patients who had CAPRA-S score < 9, the 10-year 
CSM rate was higher than the OCM rate only in those with a 
CAPRA-S score of 6–8 and age-adjusted CCI of < 3. The 10-
year CSM rate was higher than the OCM rate in patients with 
CAPRA-S score ≥ 9, regardless of age-adjusted CCI. 

In 2018, the mortality rates of the two top causes of death 
per 100,000 people in Korea were 154.3 for malignant neo-
plasms and 122.7 for circulatory system diseases [27]. As 
expected, in this study, we found that other cancers and cir-
culatory system diseases accounted for the majority of non-
prostate cancer deaths. In the overall population, the 10-year 
probability rates of mortality due to other cancers and circu-
latory system diseases after radical prostatectomy were 4.2% 
and 2.2%, respectively. The prostate CSM rate was higher 
than the mortality rates of other cancers and circulatory sys-
tem diseases only in high-risk patients (S2 Fig.). In low-risk 
patients, the mortality rates of other cancers and circulatory 
system diseases were higher than the prostate CSM rate.

The over-diagnosis and overtreatment of non-metastatic 
prostate cancer have become a major health care issue [28]. 
Radical prostatectomy is associated with significant costs 
and complications. Moreover, common adverse events after  
surgery, such as incontinence and erectile dysfunction, may 
have a profound effect on the quality of life of patients. Das-
kivich et al. [8] reported that men with CCI ≥ 3 were treated 

aggressively in 54% of cases, indicating that men with low-
risk prostate cancer were often over-treated despite signifi-
cant comorbidities. Although active surveillance has been 
widely considered as a standard management modality 
for low-risk prostate cancer, it has been underutilized, par-
ticularly in Asian countries [29,30]. Among the patients who 
underwent radical prostatectomy in this study cohort, 547 
(13.5%) had low-risk prostate cancer and significant comor-
bidity (age-adjusted CCI ≥ 3). In addition, 297 patients (7.3%) 
were eligible for active surveillance (based on the Prostate 
Cancer Research International Active Surveillance criteria) 
and had significant comorbidities. These data indicate that a 
substantial portion of the Korean male population with low-
risk prostate cancer and significant comorbidity underwent 
radical prostatectomy, which may have led to overtreatment.

We acknowledge several limitations to this study. First, 
this study was retrospective in nature and could not elimi-
nate the biases inherent to observational studies. Moreover, 
the lack of prospective standardized protocols for primary 
and salvage treatment may have introduced biases. Second, 
the study population may not be representative of all Korean 
men who undergo radical prostatectomy. Thus, the gener-
alizability of our data from referral centers may be limited. 
Third, incomplete data on the statistics of the cause of death 
is another main limitation. These data on the cause of death 
solely depend on medical records; because of loss to follow-
up, the causes of death in 95 patients (21.3%) were unknown. 
Few patients had evidence of prostate cancer recurrence  
until the last follow-up (biochemical recurrence: 17/95 [17.9%]  
and distant metastasis: 0/95 [0%]), suggesting that there may 

Table 3.  Multivariable Cox regression analyses for evaluating the risk of overall mortality

Variable No. (event)
                     Univariable                     Multivariablea)                          

  HR (95% CI) p-value  HR (95% CI) p-value 

Age 4,064 (447) 1.087 (1.070-1.105) < 0.001 1.081 (1.063-1.098) < 0.001
Body mass index 4,064 (447) 0.945 (0.912-0.978) 0.002 - -
Charlson comorbidity index      
    0-1 3,803 (370) 1 (reference)  1 (reference) 
    ≥ 2 261 (77) 3.236 (2.531-4.138) < 0.001 2.964 (2.292-3.834) < 0.001
Prostate-specific antigen 4,064 (447) 1.007 (1.005-1.010) < 0.001 1.004 (1.000-1.008) 0.048
Pathologic stage      
    T2 2,499 (206) 1 (reference) < 0.001 1 (reference) < 0.001
    T3a 942 (105) 1.372 (1.085-1.736) 0.008 1.102 (0.860-1.412) 0.444
    T3b-N1 623 (136) 2.750 (2.214-3.415) < 0.001 2.194 (1.706-2.821) <0.001
Pathologic Gleason score Missing=129    
    ≤ 3+4 2,277 (186) 1 (reference) < 0.001 1 (reference) < 0.001
    4+3 857 (77) 1.196 (0.916-1.560) 0.188 1.003 (0.766-1.314) 0.982
    8-10 801 (165) 2.447 (1.984-3.018) < 0.001 1.546 (1.222-1.957) < 0.001
Surgical margins      
    Negative 2,755 (267) 1 (reference)  - 
    Positive  1,309 (180) 1.405 (1.163-1.698) < 0.001 - -
HR, hazard ratio; CI, confidence interval. a)Covariates were chosen based on backward selection.
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be a larger number of patients who died from other causes 
than the present data have shown. Fourth, we could not con-
duct comprehensive geriatric assessment (CGA) in this retro-
spective study. While CCI provides a quantitative approach 
to enumerate comorbid conditions, CGA is a multidiscipli-
nary and comprehensive tool for evaluating elderly patients, 
which may be more appropriate for predicting survival and 
radical treatment selection. Lastly, the duration and severity 
of each comorbidity were not taken into consideration.

In conclusion, we have demonstrated that mortality from 
prostate cancer was rare in Korean men who underwent 
radical prostatectomy. Physicians should be aware of the 
possibility of overtreatment for low-risk prostate cancer in 
men with significant comorbidity. These findings may help 

to facilitate counseling and plan management in this patient 
group.
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Purpose
Neuroblastoma (NB) is the most common extracranial solid tumor found in children. To 
identify significant genetic factors for the risk of NB, several genetic studies was conducted 
mainly for Caucasians and Europeans. However, considering racial differences, there is a 
possibility that genetic predispositions that contribute to the development of NB are dif-
ferent, and genome-wide association study has not yet been conducted on Korean NB 
patients.  

Materials and Methods
To identify the genetic variations associated with the risk of pediatric NB in Korean children, 
we performed a genome-wide association analysis with 296 NB patients and 1,000 unaf-
fected controls (total n=1,296) after data cleaning and filtering as well as imputation of 
non-genotyped single nucleotide polymorphisms (SNPs) using IMPUTE v2.3.2.    

Results
After adjusting for multiple comparisons, we found 21 statistically significant SNPs  
associated with the risk of NB (pcorr < 0.05) within 12 genes (RPTN, MRPS18B, LRRC45, 
KANSL1L, ARHGEF40, IL15RA, L1TD1, ANO7, LAMA5, OR7G2, SALL4, and NEUROG2). 
Interestingly, out of these, 12 markers were nonsynonymous SNPs. The SNP rs76015112 
was most significantly associated with the risk of NB (p=8.1E-23, pcorr=2.3E-17) and was  
located in the RPTN gene. In addition, significant nonsynonymous SNPs in ADGRE1 were 
found in patients with MYCN amplification (rs7256147, p=2.6E-05). In high-risk group, 
rs7256147 was observed as a significant SNP (p=5.9E-06).

Conclusion
Our findings might facilitate improved understanding of the mechanism of pediatric NB 
pathogenesis. However, functional evaluation and replication of these results in other pop-
ulations are still needed.

Key words
Neuroblastoma, Genetic variation, Genome-wide association study, MYCN amplification, 
High risk, Korean children
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Introduction

Neuroblastoma (NB) is the most common extracranial solid  
tumor accounting for up to 6%-10% of all childhood cancers 
and it is one of the leading cause of cancer mortality in chil-
dren [1]. NB arises from the precursor cells of the sympathetic 
nervous system or the adrenal medulla. Since NB is widely 
heterogeneous in its clinical phenotypes and treatment out-
comes, current treatment protocols are based on risk stratifi-
cation of NB. High-risk group is currently defined as MYCN-
amplified tumors at any age or metastatic tumors in patients 

older than 18 months according to the International Neuro-
blastoma Risk Group (INRG) classification system [2]. The 
patients in the high-risk group show poor prognosis despite 
modern intensive multimodal treatment. N-myc proto-onco-
gene protein, also known as N-Myc, is encoded by the MYCN 
gene in humans. Since MYCN amplification was found to be a 
highly predictive marker of poor outcome in the NB patients 
by the INRG cohort, the MYCN status is used for risk strati-
fication [3]. Based on this, approximately 40% of NB patients 
have been classified as high-risk [2,4]. In a previous study  
regarding familial NB, PHOX2A, ALK, KIF1Bβ, and RAS  
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mutations were reported as causal mutations [5]. However, 
while only 1%-2% of NB cases were familial, further genetic 
association studies are required to identify the predispos-
ing genetic factors. In 2008, the first genome-wide associa-
tion study (GWAS) was performed for Europeans in a case 
of sporadic NB [6]. They reported three variants of chromo-
some 6p22, which have been mapped to the genes CASC-15 
and NBAT-1. Several candidate genes such as LMO1, BARD1, 
HACE1, and LIN28B have been reported by subsequent 
GWAS [5]. Capasso et al. [7] investigated the genetic factor 
for the NB patients who developed high-risk tumors and 
they found that the locus in 6p22 was enriched. Additionally, 
they found several novel risk-related single nucleotide poly-
morphisms (SNPs) including intronic variant in BARD1 gene 
[7]. Although previous GWAS and candidate genetic studies 
have provided considerable information about the genetics 
and understanding for NB, most of these studies were per-
formed on Caucasian and African Americans. To expand the 
genetic studies for other various populations such as Asians, 
it is necessary to explain the genetic aspects of NB.

Due to the remarkable phenotypic heterogeneity of NB, the 
mild to moderate effects on the risk of NB development are 
still unclear. In this study, we have performed GWAS using 
NB to discover genetic variants in Korean children. To our 
knowledge, this is the first GWAS study in Korean NB pati-
ents.

 

Materials and Methods

1. Study subjects
We screened patients who were diagnosed with NB bet-

ween February 1998 and March 2017. After screening, 296 
NB patients whose peripheral blood samples were already 
cryopreserved at Samsung Medical Center Biobank were 
enrolled in this study. The 77,472 exome chip genotypes of 
the healthy controls (n=1,000), without any history of tumor,  
were obtained from the National Biobank of Korea (No. 2018-  
019). Medical records were reviewed for obtaining detailed 
clinical and biological data such as the clinical features pre-
sented during diagnosis, tumor biology including MYCN 
amplification status and tumor histology by International 
Neuroblastoma Pathology Classification (INPC). During 
the study period, the patients were classified into high-risk 
group and non–high-risk group according to their age dur-
ing diagnosis, tumor stage based on the International Neu-
roblastoma Staging System (INSS), and MYCN amplification 
status. In brief, stage 4 tumors in patients older than 1.5 years 
or with MYCN-amplified tumors were included in the high-
risk group. 

2. Genome-wide genotyping
Genomic DNA was extracted from the peripheral blood 

lymphocytes of the patients using the Wizard Genomic DNA 
Purification Kit (Promega, Madison, WI), according to the 
manufacturer’s protocol. Approximately 200 ng of genomic 
DNA was used to genotype each sample using the Illumina’s 
Global Screening Array (GSA) BeadChip (Illumina, San Die-
go, CA). The samples were then processed according to the 
Illumina Infinium assay manual. Each sample was whole- 
genome amplified, fragmented, precipitated, and resuspend-
ed into an appropriate hybridization buffer. The denatured 
samples were then hybridized on a prepared GSA BeadChip 
for a minimum of 16 hours at 48°C. Following hybridization, 
the BeadChips were processed for the single-base extension 
reaction, staining, and imaging on an Illumina iScan system. 
The normalized bead intensity data obtained for each sample 
were uploaded onto the GenomeStudio software (Illumina) 
which converted the fluorescent intensities into SNP geno-
types. The quality of sample was checked by sample call rate 
(> 95%). The quality of cluster for marker was measured by 
GenTrain scores, and then high-quality markers used this 
study (> 0.7). 

3. Imputation and statistical analysis
The clinical variables were summarized using mean±stan-

dard deviation or median (range), as appropriate (Table 1). We 
performed imputation consisting of 1,296 samples. The pre-
phasing of genotypes was conducted with SHAPEIT.v2.r837. 
We then imputed variants from the 1000 Genomes Project 
phase 3 references using IMPUTE v2.3.2. Markers with low 
imputation quality as call rate (< 98%), minor allele frequency 
(MAF < 1%), p-value of Hardy-Weinberg equilibrium (HWE; 
< 1E-5), duplicated markers, and ambiguous strand mark-
ers were excluded from the association analysis. In addition, 
low-quality samples (call rate < 95%) were applied for qual-
ity control. For genome-wide association analysis, genotype 
distributions were compared using logistic regression analy-
ses with the HelixTree software (Golden Helix Inc., Bozeman, 
MT). To predict a protein damaging score for each nonsynon-
ymous SNP, PolyPhen-2 program [8] was used (http://gene-
tics.bwh.harvard.edu/pph2/index.shtml) according to the 
manual. Gene pathway analysis for significantly associated 
SNPs with the risk of NB was performed using the Database 
for Annotation, Visualization, and Integrated Discovery (DA-
VID) functional annotation tool (https://david.ncifcrf.gov/). 
In addition, biological network analysis was performed by 
GluGo, Cytoscape plug-in that visualizes non-redundant bio- 
logical terms for large clusters of genes in a functionally grou-
ped network (https://cytoscape.org/). 

4. Ethical statement
This study was approved by the Institutional Review 

Board of Samsung Medical Center (IRB No. SMC 2015-06-
068-006) and written informed consent was obtained from 
the parents or their guardians.
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Results

1. Clinical characteristics
A total of 296 NB patients were recruited for the current 

study. In addition, genotypes of 1,000 normal healthy con-
trols were obtained from the National Biobank of Korea. The 
average age of the NB patients was 2.1 years (range, 0.0 to 
19.3 years). Among the 296 patients, 142 patients were strati-
fied into high-risk group and MYCN amplification was seen 
in 56 patients. Table 1 shows the characteristics of the pati-
ents and healthy controls. 

2. Association analysis and identification of novel suscep-
tibility loci

A quantile-quantile plot for the association test between 
NB and healthy controls showed a significant deviation 
of measures at the tail (S1 Fig.) indicating potentially true  
associations between the SNPs and NB. A total of 281K mark-
ers were imputed from 535K genotypes of patients and 76K 
genotypes of healthy controls using strict quality control 
parameters (MAF > 1%, missing rate < 1%, or p for HWE  
< 1×10–5). First, we tested the association between NB pati-
ents and healthy controls using logistic regression analysis. 
A total of 21 markers showed significant association with the 
risk of NB after adjusting for multiple comparisons (pcorr < 
0.05) (Fig. 1A). The significant markers for the risk of NB are 
summarized in Table 2. The markers were located in RPTN, 
MRPS18B, LRRC45, KANSL1L, ARHGEF40, IL15RA, L1TD1, 
ANO7, LAMA5, OR7G2, SALL4, and NEUROG2 genes. In  
addition, PARP8, EPB41L3, and MAP4K1 genes were found  
to be the nearby genes for the markers such as rs7717033, 
rs1375128, rs10737958, rs2594708, rs2463796, rs35296988, 

rs3864235, rs32396, rs9964022, rs17847695, rs117910631, rs14-
7260795, rs146801912, rs17847686, rs200216392, rs77270842, 
rs149013375, and rs74990833 (Table 2). Among all the mark-
ers, 12 markers were distributed in the coding region. Most 
of the nonsynonymous SNPs showed low MAF except of  
rs76015112 (MAF < 0.010). In rs76015112, the MAF of NB 
was lower than healthy controls (0.125 vs. 0.332) as shown 
in Table 2. However, the other markers in the coding region 
showed a high MAF in NB compared to the controls (Table 
2). We analyzed the regional association of 400 kb around 
RPTN on chromosome 1q21.3 (Fig. 1B) and observed that the 
rs76015112 marker showed relatively robust association sig-
nal (pcorr=2.3E-17) (Table 2). The results of linkage disequilib-
rium (LD) analysis showed that the marker was unlikely to 
be in LD with the nearby genes (Fig. 1B). 

3. Association analysis of NB subgroups
The NB patients were classified as either with MYCN  

amplification or without. Table 3 shows the significant SNPs 
after genome-wide association analysis between MYCN-
amplified NB patients and the other NB patients. Interest-
ingly, many SNPs within ADGRE1 (synonyms: EMR1) gene 
showed significant associations (S2A Fig.). Among them, 
rs725614 and rs457857 had nonsynonymous SNPs as V589I 
(NM_001256253) and I424V (NM_001256253) (Table 3). In 
the regional association analysis of 200 kb around ADGRE1 
(synonyms: EMR1), we found that 32 SNPs were in tight LD 
(S2B Fig.). In addition, three significantly associated SNPs 
were found to be located in the intron region of C2CD6 gene 
(rs143074421, rs77468686, and rs117943473).

In the following analysis, GWAS was performed with NB  
patients in high-risk group and non–high-risk group. The 

Table 1.  Characteristics of the study subjects 

Variable Neuroblastoma Healthy control

Total No. of subjects 296 1,000
Sex (male:female) 164:132 500:500
Age, median (min-max, yr) 2.1 (0.0-19.3)  61.4 (47-78) 
MYCN amplification  56 (18.9)  -
High-risk group  142 (48.0) -
Clinical stage  
    I 27 (9.1) -
    II 47 (15.9) -
    III 54 (18.2) -
    IV 160 (54.1) -
    IV-S 6 (2.0) -
    NA 2 (0.7) -
Site of origin  
    Retroperitoneum 221 (74.7) -
    Mediastinum 71 (24.0) -
    Other regions 4 (1.4) -
Values are presented as number (%) unless otherwise indicated. 
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top 30 significant SNPs are listed in Table 4. As a result, rs622-
96061 located intron region in FGFGL1 gene was found to 
be highly associated with the high-risk group. Many SNPs 
within ADGRE1 gene showed significant associations (S3A 
Fig.). In the rs725614 and rs457857 located in coding region, 
the MAF in high-risk group was lower than other groups 
(0.080 vs. 0.217 in rs725614, 0.109 vs. 0.233 in rs457857). In the 

regional association analysis of 200 kb around ADGRE1, 32 
SNPs were found to be in tight LD (S3B Fig.). In Table 4, we 
have shown that PON1 and PON2 genes were located near 
seven markers such as rs11981667, rs17166829, rs73422040, 
rs11980347, rs17884252, rs17883750, and rs149643570.

Fig. 1.  (A) The p-values of genome-wide association study. The Manhattan plot shows the p-values for the risk of neuroblastoma using  
logistic regression analysis. x-axis represents the single nucleotide polymorphism (SNP) markers on each chromosome. The highest  
p-value (p=8.1E-23, pcorr=2.3E-17) was observed in rs76015112 on 1q21.3. (B) Regional association plots at the RPTN. Regional associa-
tion plots including both genotyped and SNPs for the RPTN was generated by LocusZoom within 400 kb. The significance of association  
(−log10-transformed p-values) and the recombination rate are plotted. SNPs are colored to reflect pairwise linkage disequilibrium (r2) with 
the most significantly associated genotyped SNP in the 1000 Genomes Project Phase 1 interim release Asian (ASN) population genotypes. 
The most significant genotyped SNPs are labeled and shown in purple.
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4. Assessment of gene functional annotation and biologi-
cal network analyses

The result of Gene Ontology (GO) analysis was listed in 
S4 Table. A total of 37 significant GO terms were identified. 
Among them, 10 biological pathways such as lipid transport-
er activity, kidney morphogenesis, regulation of macrophage 
derived foam cell differentiation, positive regulation of mac-
rophage derived foam cell differentiation, sensory perception 
of taste, negative regulation of cell division, foam cell differen-
tiation, macrophage derived foam cell differentiation, dicar-
boxylic acid catabolic process, and synaptic membrane adhe-
sion was maintained the signals after multiple correction (pcorr 
< 0.05). S5 Fig. shows the result of biological network related 
to other biological functions. In the regulation of macrophage 
derived foam cell differentiation, it was closely linked to pos-
itive regulation of macrophage derived foam cell differentia-
tion. To examine the biological function, we performed GO 
analysis using the DAVID. We have shown the result of GO 
analysis for the identified significant SNPs using the risk of 
NB using DAVID in S4 Table. Ten GO terms were observed 
have significantly corrected p-value (< 0.05). These were  
lipid transporter activity, kidney morphogenesis, regulation 
of macrophage derived foam cell differentiation, positive 
regulation of macrophage derived foam cell differentiation, 
sensory perception of taste, negative regulation of cell divi-
sion, foam cell differentiation, macrophage derived foam cell 
differentiation, dicarboxylic acid catabolic process, and syn-
aptic membrane adhesion. 

Discussion

In the current study, we investigated novel genetic suscep-
tibility markers for the risk of NB and its subgroups such as 
MYCN amplification group and high-risk group. We used 
the imputed markers from the genotypes of Illumina’s GSA 
BeadChip through strict quality control. The Illumina GSA 
BeadChip, which was recently launched, contains highly 
optimized multi-ethnic clinical markers from well-defined 
databases of known diseases such as ClinVar, the Pharma-
cogenomics Knowledgebase (PharmGKB), and the National 
Human Genome Research Institute (NHGRI)-EBI database. 

According to the INRG, four categories (very low-risk, low- 
risk, intermediate-risk, and high-risk) could be classified by 
seven clinical and biological factors [4]. Over the past 10 years, 
several genetic studies have been performed to identify soma- 
tic and germline variants affecting the onset and survival rate  
of NB. In the first GWAS, CASC-15 and NBAT-1 genes found 
on chromosome 6p22 were identified as the susceptible genes.  
Interestingly, we identified significant markers in cases with 
high-risk or MYCN-amplified NB. Subsequently, it was found  
that rs6939340 was most significantly associated with the risk 
of sporadic NB [6]. In the next GWAS, several novel risk SNPs Ta

bl
e 

3.
  C

on
tin

ue
d

 
 

 
 

G
en

e 
 

 
 

 
M

A
F 

M
A

F 
M

ar
ke

r 
C

hr
om

os
om

e 
Po

si
tio

n 
Tr

an
sc

ri
pt

(s
) 

(n
ea

rb
y)

 
In

-e
xo

n 
M

ut
at

io
n(

s)
 

A
lle

le
s 

M
A

F 
(w

ith
  

(w
ith

ou
t  

O
R

 (9
5%

 C
I)

 
p-

va
lu

e 
 

 
 

 
 

 
 

 
 

 
M

YC
N

) 
M

YC
N

) 
 

 

rs
10

42
12

95
 

19
 

6,
91

2,
89

4 
- 

AD
GR

E1
 

- 
- 

A
>G

 
0.

17
6 

 
0.

05
4 

 
0.

20
2 

 
0.

2 
(0

.1
-0

.5
) 

4.
1E

-0
5

rs
11

66
90

85
 

19
 

6,
91

5,
05

2 
- 

AD
GR

E1
 

- 
- 

T>
C 

0.
17

5 
 

0.
05

4 
 

0.
20

1 
 

0.
2 

(0
.1

-0
.5

) 
4.

7E
-0

5
rs

35
09

04
09

 
19

 
6,

91
5,

88
7 

- 
AD

GR
E1

 
- 

- 
G

>A
 

0.
17

2 
 

0.
05

4 
 

0.
19

8 
 

0.
2 

(0
.1

-0
.6

) 
6.

4E
-0

5
M

A
F, 

m
in

or
 a

lle
le

 fr
eq

ue
nc

y;
 O

R,
 o

dd
s r

at
io

; C
I, 

co
nfi

de
nc

e i
nt

er
va

l. 
a)
Sy

no
ny

m
s: 

EM
R1

.

VOLUME 52 NUMBER 4 OCTOBER 2020     1257



Cancer Res Treat. 2020;52(4):1251-1261

Ta
bl

e 
4.

  L
og

ist
ic

 a
na

ly
sis

 o
f n

eu
ro

bl
as

to
m

a 
w

ith
 h

ig
h-

ris
k 

gr
ad

e

 
 

 
 

 
 

 
 

 
M

A
F 

M
A

F 
M

ar
ke

r 
C

hr
om

os
om

e 
Po

si
tio

n 
Tr

an
sc

ri
pt

(s
) 

G
en

e(
s)

 
In

-e
xo

n 
M

ut
at

io
n(

s)
 

A
lle

le
s 

M
A

F 
(h

ig
h 

  
(n

o 
hi

gh
  

O
R

 (9
5%

 C
I)

 
p-

va
lu

e 
 

 
 

 
 

 
 

 
 

 
ri

sk
) 

ri
sk

) 
 

 

rs
62

29
60

61
 

4 
1,

01
4,

17
2 

- 
FG

FR
L1

 
- 

- 
G

>A
 

0.
03

9 
 

0.
07

8 
 

0.
00

7 
 

13
.6

 (3
.1

-5
9.

3)
 

2.
8E

-0
6

rs
11

98
16

67
 

7 
94

,9
63

,2
70

 
- 

(P
O

N
1,

 P
O

N
3)

 
- 

- 
C>

G
 

0.
03

9 
 

0.
00

4 
 

0.
06

7 
 

- 
5.

2E
-0

6
rs

17
16

68
29

 
7 

94
,9

66
,7

16
 

- 
(P

O
N

1,
 P

O
N

3)
 

- 
- 

G
>T

 
0.

03
9 

 
0.

00
4 

 
0.

06
7 

 
- 

5.
2E

-0
6

rs
73

42
20

40
 

7 
94

,9
72

,0
55

 
- 

(P
O

N
1,

 P
O

N
3)

 
- 

- 
A

>G
 

0.
03

9 
 

0.
00

4 
 

0.
06

7 
 

- 
5.

2E
-0

6
rs

11
98

03
47

 
7 

94
,9

77
,6

37
 

- 
(P

O
N

1,
 P

O
N

3)
 

- 
- 

G
>A

 
0.

03
9 

 
0.

00
4 

 
0.

06
7 

 
- 

5.
2E

-0
6

rs
17

88
42

52
 

7 
94

,9
85

,2
67

 
- 

(P
O

N
1,

 P
O

N
3)

 
- 

- 
C>

A 
0.

03
9 

 
0.

00
4 

 
0.

06
7 

 
- 

5.
2E

-0
6

rs
17

88
37

50
 

7 
94

,9
95

,3
45

 
- 

(P
O

N
1,

 P
O

N
3)

 
- 

- 
A

>G
 

0.
03

9 
 

0.
00

4 
 

0.
06

7 
 

- 
5.

2E
-0

6
rs

14
96

43
57

0 
7 

95
,0

12
,5

09
 

- 
(P

O
N

1,
 P

O
N

3)
 

- 
- 

A
>G

 
0.

03
9 

 
0.

00
4 

 
0.

06
7 

 
- 

5.
2E

-0
6

rs
72

56
14

7 
19

 
6,

92
1,

86
8 

N
M

_0
01

25
62

53
,  

AD
GR

E1
 

Ex
on

 
M

iss
en

se
_V

58
9I

,  
G

>A
 

0.
15

2 
 

0.
08

0 
 

0.
21

7 
 

0.
3 

(0
.2

-0
.6

) 
5.

9E
-0

6
 

 
 

  N
M

_0
01

97
4,

  
 

 
  M

iss
en

se
_V

58
9I

, 
 

 
 

  N
M

_0
01

25
62

52
,  

 
 

  M
iss

en
se

_V
41

2I
, 

 
 

 
  N

M
_0

01
25

62
55

,  
 

 
  M

iss
en

se
_V

44
8I

 
 

 
  N

M
_0

01
25

62
54

 
rs

34
40

62
06

 
19

 
6,

92
2,

01
4 

- 
AD

GR
E1

 
- 

- 
C>

T 
0.

14
7 

 
0.

08
0 

 
0.

20
9 

 
0.

3 
(0

.2
-0

.6
) 

1.
4E

-0
5

rs
72

98
63

53
 

19
 

6,
92

2,
09

3 
- 

AD
GR

E1
 

- 
- 

T>
C 

0.
14

7 
 

0.
08

0 
 

0.
20

9 
 

0.
3 

(0
.2

-0
.6

) 
1.

4E
-0

5
rs

12
97

59
99

 
19

 
6,

92
2,

41
8 

- 
AD

GR
E1

 
- 

- 
A

>C
 

0.
14

7 
 

0.
08

0 
 

0.
20

9 
 

0.
3 

(0
.2

-0
.6

) 
1.

4E
-0

5
rs

11
67

11
82

 
19

 
6,

92
2,

50
4 

- 
AD

GR
E1

 
- 

- 
T>

C 
0.

14
7 

 
0.

08
0 

 
0.

20
9 

 
0.

3 
(0

.2
-0

.6
) 

1.
4E

-0
5

rs
11

67
11

86
 

19
 

6,
92

2,
57

4 
- 

AD
GR

E1
 

- 
- 

T>
C 

0.
14

7 
 

0.
08

0 
 

0.
20

9 
 

0.
3 

(0
.2

-0
.6

) 
1.

4E
-0

5
rs

72
49

79
9 

19
 

6,
92

2,
81

5 
- 

AD
GR

E1
 

- 
- 

T>
G

 
0.

14
7 

 
0.

08
0 

 
0.

20
9 

 
0.

3 
(0

.2
-0

.6
) 

1.
4E

-0
5

rs
38

90
53

9 
19

 
6,

92
3,

07
3 

- 
AD

GR
E1

 
- 

- 
A

>G
 

0.
14

7 
 

0.
08

0 
 

0.
20

9 
 

0.
3 

(0
.2

-0
.6

) 
1.

4E
-0

5
rs

35
61

50
93

 
19

 
6,

92
3,

49
8 

- 
AD

GR
E1

 
- 

- 
T>

C 
0.

14
7 

 
0.

08
0 

 
0.

20
9 

 
0.

3 
(0

.2
-0

.6
) 

1.
4E

-0
5

rs
67

01
16

88
 

19
 

6,
92

3,
66

7 
- 

AD
GR

E1
 

- 
- 

A
>G

 
0.

14
7 

 
0.

08
0 

 
0.

20
9 

 
0.

3 
(0

.2
-0

.6
) 

1.
4E

-0
5

rs
57

67
59

29
 

19
 

6,
92

4,
12

5 
- 

AD
GR

E1
 

- 
- 

G
>C

 
0.

14
7 

 
0.

08
0 

 
0.

20
9 

 
0.

3 
(0

.2
-0

.6
) 

1.
4E

-0
5

rs
46

66
49

 
19

 
6,

91
3,

31
0 

- 
AD

GR
E1

 
- 

- 
T>

C 
0.

17
7 

 
0.

10
9 

 
0.

23
3 

 
0.

4 
(0

.3
-0

.6
) 

7.
4E

-0
5

rs
46

56
42

 
19

 
6,

91
3,

35
0 

- 
AD

GR
E1

 
- 

- 
T>

C 
0.

17
7 

 
0.

10
9 

 
0.

23
3 

 
0.

4 
(0

.3
-0

.6
) 

7.
4E

-0
5

rs
46

13
52

 
19

 
6,

91
3,

39
8 

- 
AD

GR
E1

 
- 

- 
C>

T 
0.

17
7 

 
0.

10
9 

 
0.

23
3 

 
0.

4 
(0

.3
-0

.6
) 

7.
4E

-0
5

rs
45

78
57

 
19

 
6,

91
3,

81
1 

N
M

_0
01

25
62

53
,  

AD
GR

E1
 

Ex
on

 
M

iss
en

se
_I

42
4V

,  
G

>A
 

0.
17

7 
 

0.
10

9 
 

0.
23

3 
 

0.
4 

(0
.3

-0
.6

) 
7.

4E
-0

5 
 

 
 

  N
M

_0
01

97
4,

  
 

 
  M

iss
en

se
_I

42
4V

, 
 

 
 

  N
M

_0
01

25
62

52
,  

 
 

  M
iss

en
se

_I
37

2V
, 

 
 

 
  N

M
_0

01
25

62
55

,  
 

 
  M

iss
en

se
_I

24
7V

, 
 

 
 

  N
M

_0
01

25
62

54
 

 
 

  M
iss

en
se

_I
28

3V
rs

46
29

13
 

19
 

6,
91

3,
87

8 
- 

AD
GR

E1
 

- 
- 

T>
G

 
0.

17
7 

 
0.

10
9 

 
0.

23
3 

 
0.

4 
(0

.3
-0

.6
) 

7.
4E

-0
5

rs
45

54
76

 
19

 
6,

91
4,

09
9 

- 
AD

GR
E1

 
- 

- 
T>

C 
0.

17
7 

 
0.

10
9 

 
0.

23
3 

 
0.

4 
(0

.3
-0

.6
) 

7.
4E

-0
5

rs
46

09
55

 
19

 
6,

91
4,

93
3 

- 
AD

GR
E1

 
- 

- 
G

>A
 

0.
17

7 
 

0.
10

9 
 

0.
23

3 
 

0.
4 

(0
.3

-0
.6

) 
7.

4E
-0

5
rs

67
77

67
 

19
 

6,
91

5,
23

0 
- 

AD
GR

E1
 

- 
- 

A
>G

 
0.

17
7 

 
0.

10
9 

 
0.

23
3 

 
0.

4 
(0

.3
-0

.6
) 

7.
4E

-0
5

(C
on

tin
ue

d 
to

 th
e n

ex
t p

ag
e)

1258     CANCER  RESEARCH  AND  TREATMENT



Joon Seol Bae, Genetic Variations in Neuroblastoma

including BARD1 gene on chromosome 2q35 were identified 
[7]. Other GWAS conducted using in familial and sporadic 
cases of NB have reported novel additional risk SNPs in can-
didate genes such as DUSP12, HSD17B12, DDX4, IL31RA, 
LMO1, HACE1, LIN28B, SPAG16, NEFL, TP53, CPZ, MLFL, 
CDKN1B, KIF15, and MMP20 [9-19]. Among them, SNPs in 
BARD1 and LMO1 candidate genes were replicated in other 
cohorts due to its association by large cohort study [19,20]. In 
the current study, we also identified significant associations 
between the genes and the risk of NB (p=0.001, rs3768716, 
rs2070094 in BARD1 gene; p=0.0002, rs110419 in LMO1 gene). 

However, as the previous GWAS studies were performed 
mostly with Caucasian and Africans, there is a serious lack of 
GWAS studies for Asian populations. In the current study, we 
identified novel genetic markers for comparing the risk bet-
ween children with NB and healthy controls with no tumor  
record in Korean population. Using high-quality markers 
and strict criteria, imputed markers were used. As a result, 
we found 21 statistically significant markers associated with 
the risk of NB (pcorr < 0.05) such as RPTN, MRPS18B, LRRC45, 
KANSL1L, ARHGEF40, IL15RA, L1TD1, ANO7, LAMA5, OR7- 
G2, SALL4, and NEUROG2. Interestingly, out of these 21 sig-
nificant SNPs (pcorr < 0.05), 12 SNPs were nonsynonymous 
(average MAF=0.064). Except rs76015112, rs77226427, and 
rs2886644, most nonsynonymous SNPs showed rare MAF 
above 5%. The most significantly associated marker was 
found to be rs76015112 which was located on the RPTN 
gene (p=8.1E-23, pcorr=2.3E-17). The RPTN gene encodes for 
repetin, an extracellular epidermal matrix protein consisting 
of 784 amino acids. This protein is rich in glutamine with 
EF-hands of the S100 type and contributes to the formation 
of the cornified envelope [21]. However, this gene has not 
yet been reported to be associated with NB. Interestingly, 
three nonsynonymous SNPs (rs117249618, rs117674897, and 
rs114591848) in LRRC45, KANSL1L, and ARHGEF40 genes 
showed high protein function damaging scores (1.00, 0.88, 
and 0.99). Moreover, the MAF of the SNPs was higher in NB 
than in controls (Table 2). This implies that the SNPs may be 
risk factors for the onset of NB. Candidate markers within 
BAL1, LMO1, MLF1, and HACE1 previously reported to be 
related with the risk of NB in Caucasian and European were 
not replicated in this study. The reason is presumed to be due 
to ethnic difference and platform difference.

NB patients were further divided into two subgroups, 
MYCN-amplified group and high-risk group, and then logis- 
tic regression analysis was performed for each of the sub-
groups. In these two subgroups, we found that many signifi-
cant SNPs were located in the ADGRE1 gene. Interestingly, 
two nonsynonymous SNPs (rs7256147 and rs457857) were 
identified in the ADGRE1 gene (Tables 3 and 4). The frequ-
encies of the two nonsynonymous SNPs in MYCN-amp-
lified or high-risk tumors were lower than those in MYCN 
non-amplified or non-high-risk tumors, respectively. This Ta
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implies that the SNPs might have a protective role against 
the risk of NB. ADGRE1 gene has been renamed as EMR1 
gene, which encodes for epidermal growth factor–like mod-
ule containing mucin-like hormone receptor 1. ADGRE1 
gene encodes for proteins belonging to a group of hormone 
receptor with seven transmembrane segments [22]. There-
fore, the mutated product of the ADGRE1 gene might act 
as a neurotransmitter and influence the biological function 
of the signal transduction. When calculated using the GAS 
Power Calculator (http://csg.sph.umich.edu/abecasis/cats/
gas_power_calculator), the expected power was 0.449. This 
result suggests that this study used insufficient samples, and 
that further studies using a large number of samples through 
multi-center collaboration in Asia are needed to verify the 
significant markers found by GWAS analysis.

To our knowledge, this is the first GWAS study in Korean 
NB patients. We discovered novel susceptible SNPs for the 
risk of NB. Of them, 12 nonsynonymous SNPs were identi-
fied. When the protein damaging prediction was performed 
by PolyPhen-2 algorithm, three SNPs showed high protein 
activity damaging scores (> 0.8). Additionally, we perfor-
med GWAS for two subgroups, MYCN-amplified group and 

the high-risk group, and identified the significantly associat-
ed SNPs in the ADGRE1 gene. The identified variations may 
helpful to investigate the potential function for the onset of 
NB by functional assay. Our study may provide a new direc-
tion in the formulation of medication for the risk of NB in 
Korean population.
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Purpose
The epidemiology of B-cell non-Hodgkin lymphoma (BNHL) in Asia is not well described, and 
rates of second primary malignancies (SPM) in these patients are not known. We aimed to 
describe temporal changes in BNHL epidemiology and SPM incidence in Korea.

Materials and Methods
A retrospective cohort study used claims data from the National Health Insurance Service 
that provides universal healthcare coverage in Korea. Newly diagnosed patients aged at 
least 19 years with a confirmed diagnosis of one of six BNHL subtypes (diffuse large cell 
B-cell lymphoma [DLBCL], small lymphocytic and chronic lymphocytic [CLL/SLL], follicular 
lymphoma [FL], mantle cell lymphoma [MCL], marginal zone lymphoma [MZL], and lym-
phoplasmacytic lymphoma/Waldenström’s macroglobulinemia [WM]) during the period 
2006-2015 were enrolled and followed up until death, dis-enrolment, or study end, which-
ever occurred first. Patients with pre-existing primary cancers prior to the diagnosis of BNHL 
were excluded.    

Results
A total of 19,500 patients with newly diagnosed BNHL were identified out of 27,866 with 
non-Hodgkin lymphoma (NHL). DLBCL was the most frequently diagnosed subtype (41.9%-
48.4% of NHL patients annually, 2011-2015). Standardized incidence of the six subtypes 
studied per 100,000 population increased from 5.74 in 2011 to 6.96 in 2015, with most 
increases in DLBCL, FL, and MZL. The incidence (95% confidence interval) of SPM per 100 
person-years was 2.74 (2.26-3.29) for CLL/SLL, 2.43 (1.57-3.58) for MCL, 2.41 (2.10-2.76) 
for MZL, 2.23 (2.07-2.40) for DLBCL, 1.97 (1.61-2.38) for FL, and 1.41 (0.69-2.59) for WM.  

Conclusion
BNHL has been increasingly diagnosed in Korea. High rates of SPM highlight the need for 
continued close monitoring to ensure early diagnosis and treatment.  

Key words
Non-Hodgkin lymphoma, Prevalence, Incidence, Korea, Second primary neoplasms
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Introduction

B-cell non-Hodgkin lymphoma (BNHL) comprises a heter-
ogeneous group of lymphoid malignancies that differ in their 
clinical presentation and progression [1]. The most common 

type of mature BNHL in adults is diffuse large B-cell lympho-
ma (DLBCL), which comprises approximately 46% of mature 
BNHL in Korea [2]. Other subtypes include follicular lym-
phoma (FL), mantle cell lymphoma (MCL), marginal zone 
lymphoma (MZL, including mucosa-associated lymphoid tis-
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sue [MALT] lymphoma), chronic lymphocytic and small lym-
phocytic lymphoma (CLL/SLL), and Waldenström’s macro- 
globulinemia (WM or lymphoplasmacytic lymphoma). BNHL  
subtypes vary in their ethnic and regional distribution, pos-
sibly influenced by genetic, lifestyle, and environmental fac-
tors [1,3]. 

The prognosis of BNHL has improved in the last decade, 
attributed primarily to the addition of rituximab to standard 
chemotherapy regimens [4]. Depending on subtype, some 
patients will be cured with treatment and others will survive 
for longer than a decade [1]. Prolonged survival is associated 
with its own complications, such as the development of sec-
ond primary malignancies (SPM). A meta-analysis of 23 stud-
ies reported that SPM occur in patients with non-Hodg-kin’s 
lymphoma significantly more frequently than primary malig-
nancies in the general population, with a relative risk esti-
mated at 1.88 (95% confidence interval [CI], 1.58 to 2.22) [5]. 
However, most of the data came from North American and 
European populations, and only two Japanese studies were 
included from the Asian region. Exposure to chemotherapy, 
autologous stem cell transplant, total body irradiation, and 
younger age at diagnosis have all been implicated as risk fac-
tors in the development of SPM [5,6]. 

The incidence of BNHL is reportedly lower in Asian than in 
Western countries and the distribution of BNHL subtypes is 
also different [1,2]. Compared to Western countries, a higher  
proportion of patients in Asia with BNHL have MZL, and 
lower proportions have FL and CLL/SLL [7-9]. Some of these  
differences likely reflect known variations in genetic suscep-
tibility to BNHL between Asian and Western populations 
[10,11]. However, for some subtypes, other mechanisms, such  
as different molecular pathways or etiologic factors are thought  
to contribute to regional differences in incidence rates. For 
example, while the incidence of FL is lower in Asian than in 
Western populations, the occurrence of the characteristic bcl-2 
translocation found in FL is similar in healthy populations in 
both regions, suggesting that the development of FL may be 
triggered differently in Asia than in Western countries [12]. 

The Republic of Korea is a high-income, industrialized 
country that lies to the East of the Asian mainland, with a 
population of approximately 52 million. The Korean gov-
ernment began national health insurance programs in 1976,  
expanded their coverage to all citizens in 1989, and created a 
single-payer system (Korean National Health Insurance Sys-
tem, NHIS) from 2000 [13]. Those insured pay contributions 
and receive medical services from their healthcare providers. 
The National Health Information Database (NHID) is main-
tained by the NHIS and contains all medical and prescription 
drug claim records for the Korean population, and is a rich 
repository of information for health research [14]. 

Between 1999 and 2012, the age-standardized incidence 
of mature BNHL increased annually by 5.6% [2]. The rate of 
SPM among patients with BNHL in Korea is not known. To 

address this knowledge gap, we conducted a retrospective 
cohort study using claims data from the NHID to describe 
temporal changes in the incidence and prevalence of BNHL 
in Korea up until 2015, and to evaluate the incidence of SPM 
in patients with BNHL. 

 

Materials and Methods

1. Data source
The NHID holds comprehensive information on health 

care utilization, demographic characteristics, and mortality 
for the whole population of South Korea [13,14]. The NHID 
was built in 2012 to perform NHIS activities using informa-
tion from medical treatment and health screening records, 
and socio-demographic data from an existing database sys-
tem [14]. Inpatient and outpatient visits including diagno-
ses recorded in International Classification of Diseases, 10th  
revision (ICD-10) format, length of stay, treatment costs, pro-
cedures, and prescriptions are recorded [13,14].  

2. Study population 
All patients who were newly diagnosed with one of six 

BNHL subtypes (ICD-10 codes C83.3 DLBCL, C91.1 CLL/ 
SLL, C82 FL, C83.1 MCL, C88.4 MALT lymphoma and C83.0 
MZL, or C88.0 WM) between 01 January 2006 and 31 Decem-
ber 2015 were identified in the NHID. Nodal and extra-nodal 
MZL were included under one category because they are  
unable to be differentiated under C83.0. Patients were defined 
as newly diagnosed if they had no previous record of diagno-
sis or treatment of BNHL for at least 1 year. The diagnosis of 
BNHL was confirmed if the patient had at least three outpa-
tient visits, and/or one hospital admission with the specific 
ICD-10 code after the diagnosis index date. 

Patients were included in the study cohort if they were at 
least 19 years of age and if they had been in the database for 
at least 12 months prior to the BNHL diagnosis index date.  
Patients were excluded if they had any cancer other than 
BNHL prior to the diagnosis index date. 

SPM were defined as new malignant tumors diagnosed 
more than 180 days after the BNHL index date to reduce the 
risk of including pre-existing undiagnosed malignancies in 
the analysis [15], SPM were identified in the NHID. Patients 
were followed up for SPM from the diagnosis index date until 
death, end of the study period, or dis-enrolment, whichever 
occurred first. All kinds of solid tumors were considered as 
SPM. For hematologic malignancies as SPM, we included acute 
myeloid leukemia (C92), monocytic leukemia (C93), mye-
lodysplastic syndrome (D46), and myeloproliferative neo- 
plasms (D47), but excluded acute leukemia of unspecified 
cell type (C95), multiple myeloma (C90) and all subtypes of 
lymphoma. 

Since there have been changes in the diagnostic codes for 
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BNHL subtypes in the NHIS over time, the study period was 
divided into two parts: years 2006 to 2010 and years 2011 to 
2015. The cohort analysis of incidence and prevalence was 
conducted using data from 2011-2015, whereas the full data-
set from 2006 to 2015 was used to estimate the incidence of 
SPM.

3. Statistical analysis
The incidence of BNHL for each study year was calculat-

ed as the number of newly diagnosed patients with BNHL  
divided by the total Korean population in each calendar year. 
Prevalence included all patients with existing and incident 
BNHL divided by the total Korean population in each calen-
dar year. Mortality rates for BNHL and its six subtypes were 
calculated as the number of patient deaths due to any cause 
divided by the total Korean population in each calendar year. 
Age-standardized rates were calculated by the direct stand-
ardization method, using the age distribution of the Korean 
population in 2011 as the standard population. Overall sur-
vival (OS) was calculated using Kaplan-Meier methods. 

The number of patients with at least one SPM was deter-
mined and the incidence calculated using the number of 
patients divided by the sum of the total follow-up period 
(per 100 person-years). Kaplan-Meier survival curves for 
SPM used the first SPM event for the time-to-event analysis. 
Cochran-Armitage tests were used to describe trends in the 
data over time. All analyses were performed using SAS ver. 
9.4 (SAS Institute Inc., Cary, NC). 

4. Ethical statement
All personally identifiable information was encrypted to 

protect patient privacy. The study protocol was reviewed 
and received approval from the Institutional Review Board 
of Yonsei University Health System, Severance Hospital with 
a waiver of informed consent (4-2016-0824), and the National 
Health Information Data Request Review Committee of the 
NHIS (REQ0000006774).

Results

A total of 19,500 patients with BNHL in the NHID had a 
diagnosis index date between 2006 and 2015 out of 27,866 
with NHL (Table 1). Of these, 13,671 were diagnosed bet-
ween 2011-2015 and were included in the cohort analysis. 
The mean age of patients diagnosed between 2011 and 2015 
was 59.5 years, 60.0% (n=8,202) of patients were 19-64 years 
of age and 54.0% (n=7,389) were male. 

The total number of BNHL cases diagnosed increased  
annually from 2,298 in year 2011 up to 3,128 in year 2015. 
DLBCL was the most common diagnosis in each study year 
(Table 1), although the relative proportion of DLBCL tended 
to  decrease over time from 43.0% of all NHL diagnoses in Ta
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2011 to 43.4% in 2014 (but increasing to 48.4% in 2015). The 
proportion of CLL/SLL decreased during the study, from 
4.6% of NHL in 2011 to 3.7% in 2015. By contrast, the propor-
tion of FL and MZL increased between 2011 and 2015 (6.4% 
to 7.8% for FL and MZL 16.6% to 21.7% for MZL). There was 
little change in the proportion of patients diagnosed with 
NHL with MCL or WM over time.

1. Incidence, prevalence, and all-cause mortality rates in 
patients with BNHL

The age-standardized incidence of BNHL increased over 
time from 5.74 (95% CI, 5.51 to 5.98) per 100,000 population 
in 2011 to 6.96 (95% CI, 6.72 to 7.20) per 100,000 population in 
2015 (Table 2). Age-standardized incidence rates of DLBCL, 
MZL, and FL increased significantly (p < 0.001 for all), with 
similar increases observed in men and women (Fig. 1). Bet-
ween 2011 and 2015, the incidence of DLBCL increased by 
11%, the incidence of MZL increased by 32%, and the inci-
dence of FL increased by 25%. Age-standardized incidence 
rates of MCL and WM remained steady between 2011 and 
2015, although there was some annual variation in the inci-
dence in women versus men for WM. A decrease in the inci-
dence of CLL/SLL appeared in 2015 (Fig. 1). 

Crude and age-standardized BNHL prevalence increased 
steadily each year and were approximately 2.5-fold higher 
in 2015 than in 2011 (Table 2). Prevalence rates of each BNHL 
subtype also increased (Fig. 2). The age-adjusted prevalence 
of DLBCL increased by 1.8-fold, CLL/SLL by 1.7-fold, FL by 
2.6-fold, MCL by 4.0-fold, MZL by 11.3-fold and WM by 1.6-
fold (p < 0.001 for all six subtypes). Increases appeared to be 
similar in women and men for all BNHL subtypes.

Crude and age-standardized BNHL mortality rates increa-
sed over time. Age-standardized mortality increased by 42%, 
from 1.33 (95% CI, 1.22 to 1.44) per 100,000 population in 
2011 to 1.89 (95% CI, 1.76 to 2.02) per 100,000 population in 
2015 (Table 2). Age-standardized mortality increased among 
men and women for all BNHL subtypes; except for women 
with WM in whom the mortality rate remained rather con-
stant (Fig. 3). The increase in age-standardized mortality was 
statistically significant for DLBCL (p=0.010), and CLL/SLL, 
MCL, MZL (p < 0.001). Between 2011 and 2015, all-cause 
mortality rates increased by 35% in patients with for DLBCL, 
49% in patients with CLL/SLL, 31% in patients with FL, 
172% in MCL, 77% in MZL and 121% in WM. 

2. Overall survival 
Five-year OS was highest in patents with MZL (88%) fol-

lowed by FL (79%), CLL/SLL (62%), DLBCL (60%), WM 
(54%), and MCL (53%) (Table 3, Fig. 4). Up to three years  
after diagnosis, DLBCL patients had the lowest survival rate. 
However, when followed for a longer duration, MCL and 
WM subtypes showed lower survival rates than DLBCL.
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3. Occurrence of SPM 
Of the 19,500 patients diagnosed with BNHL in 2006-2015, 

1,183 patients (6.1%) developed a total of 1,203 SPMs. The 
incidence of the first SPM was highest in patients with CLL/
SLL (2.74 per 100 person-years), followed by MCL (2.43 per 
100 person-years), MZL (2.41 per 100 person-years), DLBCL 
(2.23 per 100 person-years), FL (1.97 per 100 person-years), 
and WM (1.41 per 100 person-years) (Table 4). 

The incidence of solid SPM was highest in patients with 

MCL (2.32 per 100 person-years) (Table 4). The most frequent 
solid malignancies were prostate cancer in 190 patients (0.64 
per 100 person-years; 95% CI, 0.55 to 0.73), liver cancer in 
234 patients (incidence rate 0.43 per 100 person-years; 95% 
CI, 0.38 to 0.49), stomach cancer in 174 patients (0.32 per 100 
person-years; 95% CI, 0.28 to 0.37), colorectal cancer in 167 
patients (0.31 per 100 person-years; 95% CI, 0.26 to 0.36), lung 
cancer in 139 patients (0.26 per 100 person-years; 95% CI, 
0.22 to 0.30), brain cancer in 88 patients (0.16 per 100 person-

Fig. 1.  Age-standardized incidence rates (95% confidence intervals) of B-cell non-Hodgkin lymphoma subtypes in South Korea, 2011-2015. 
Age-standardized rates were calculated by direct standardization method, using the 2011 Korean population as the reference. p-values for 
trend: DLBCL p < 0.001 (A), MZL p < 0.001 (B), CLL/SLL p=0.489 (C), MCL p=0.077 (D), FL p < 0.001 (E), WM p=0.661 (F). DLBCL, diffuse 
large B-cell lymphoma; MZL, marginal zone lymphoma; CLL/SLL, small lymphocytic lymphoma and chronic lymphocytic; MCL, mantle 
cell lymphoma; FL, follicular lymphoma; WM, Waldenström’s macroglobulinemia or lymphoplasmacytic lymphoma.
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years; 95% CI, 0.13 to 0.20), pancreatic cancer in 84 patients 
(0.15 per 100 person-years; 95% CI, 0.12 to 0.19), ovarian can-
cer in 37 patients (0.15 per 100 person-years; 95% CI, 0.11 to 
0.21), breast cancer in 33 patients (0.13 per 100 person-years; 
95% CI, 0.09 to 0.19), and head and neck cancer in 59 patients 
(0.11 per 100 person-years; 95% CI, 0.08 to 0.14).The cumula-
tive incidence at 5 years for developing the first SPM was 
15% for CLL/SLL, 12% for MCL and MZL, 11% for DLBCL, 
9% for FL, and 7% for WM (Table 5). 

A sensitivity analysis conducted in which the SPM analysis 
was restricted to 2011-2015 after implementation of changes 
in the diagnostic codes for BNHL subtypes showed similar 
results compared to the entire study period from 2006-2015 
(data not shown).

 

Fig. 2.  Age-standardized prevalence (95% confidence intervals) of B-cell non-Hodgkin lymphoma subtypes in South Korea, 2011-2015. 
Age-standardized rates were calculated by direct standardization method, using the 2011 Korean population as the reference. p-values 
for trend: DLBCL p < 0.001 (A), MZL p < 0.001 (B), CLL/SLL p < 0.001 (C), MCL p < 0.001 (D), FL p < 0.001 (E), WM p < 0.001 (F). DLBCL, 
diffuse large B-cell lymphoma; MZL, marginal zone lymphoma; CLL/SLL, small lymphocytic lymphoma and chronic lymphocytic; MCL, 
mantle cell lymphoma; FL, follicular lymphoma; WM, Waldenström’s macroglobulinemia or lymphoplasmacytic lymphoma.
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Discussion

To our knowledge, this is the first analysis of the incidence 
of SPM in Korean patients with BNHL. By analyzing virtu-
ally all cases of BNHL in the Korean health system, we found 
a high rate of progression to SPM, with a 5-year cumula-
tive incidence of 7% to 15% depending on subtype after the 
BNHL diagnosis, and evidence of progression to SPM that 

continued past the 9-year follow-up period of our study. This 
contrasts with 5-year cumulative incidence of approximately 
3% for patients with early stage Hodgkin’s lymphoma [16], 
and 6% for patients with multiple myeloma [17]. 

Our estimates of the cumulative incidence of SPM are 
somewhat higher than reported elsewhere. Studies in the 
United States using the Surveillance, Epidemiology, and End  
Results (SEER) database report 5- and 10-year cumulative  

Fig. 3.  Age-standardized all-cause mortality rates (95% confidence intervals) in patients with B-cell non-Hodgkin lymphoma subtypes 
in the Korean population, 2011-2015. Age-standardized rates were calculated by direct standardization method, using the 2011 Korean 
population as the reference. p-values for trend: DLBCL p < 0.010 (A), MZL p < 0.001 (B), CLL/SLL p < 0.001 (C), MCL p < 0.001 (D), FL 
p=0.937 (E), WM p=0.923 (F). DLBCL, diffuse large B-cell lymphoma; MZL, marginal zone lymphoma; CLL/SLL, small lymphocytic 
lymphoma and chronic lymphocytic; MCL, mantle cell lymphoma; FL, follicular lymphoma; WM, Waldenström’s macroglobulinemia or 
lymphoplasmacytic lymphoma.
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incidence of SPM of 5.68% and 11.06%, respectively for  
patients with FL, and 9.5% and 16.1% for patients with WM 
[18,19]. Another SEER study reported that 8.2% of patients 
with MCL developed a SPM, although the median follow-
up was only 31 months [20]. The 5- and 10-year cumulative 
incidences of SPM in patients with DLBCL was 5.41% and 
10.47% in California in the post-rituximab era, which was 
higher than in the years prior to rituximab introduction [21]. 
At this time, we have no clear view of why SPM may be more 
frequent in Korean patients with BNHL than elsewhere,  
although different follow-up periods, study populations, 
methodologies and possibly treatment regimens are likely 
to have contributed. Similar data on SPM rates in patients 
with BNHL from Asian countries are limited, and we can-
not confirm whether the rates of SPM observed in our study 
are reflective of trends present across Asia. Corroborative 
data from other parts of Asia as well as studies investigat-
ing the genetic predispositions associated with BNHL in Asia 
populations could help inform these findings. In 2015 the 
age-standardized cancer incidence rate in Korea was 258.9 
per 100,000 population, and the lifetime cumulative risk of 
developing cancer was 35.3% [22]. However, the cumulative 
lifetime risk of cancer is expected to increase as because the 
average lifespan of Koreans continues to increase [23].   

Consistent with previous reports, the age-standardized  
incidence rate of BNHL in Korea was substantially lower 
than those observed in Western countries, although direct 
comparisons should be made cautiously given that the data 
were not standardized using the same reference population 
[2,24]. The incidence of DLBCL was an exception. In Europe, 
the age-standardized incidence of DLBCL in 2000-2002 was 
3.13 per 100,000, which is lower than our 2015 estimate of 3.67 
per 100,000 population, the highest incidence yet recorded in Ta
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Fig. 4.  Overall survival after B-cell non-Hodgkin lymphoma  
diagnosis index date: follow-up of all patients enrolled from 
2006-2015 and death from any cause. MZL, marginal zone lym-
phoma; FL, follicular lymphoma; DLBCL, diffuse large B-cell 
lymphoma; CLL/SLL, small lymphocytic lymphoma and chron-
ic lymphocytic; MCL, mantle cell lymphoma; WM, Walden-
ström’s macroglobulinemia or lymphoplasmacytic lymphoma.
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Korea [24]. The European age-standardized incidence was 
3.79 per 100,000 for CLL/SLL, and 1.92 per 100,000 for FL, 
compared with 2015 estimates of 0.27 and 0.63 per 100,000 
respectively in Korea. In Canada, the incidence of mature 
BNHL was 54.0 per 100,000 population in men, and 38.5 per 
100,000 in women between 2010-2013 [25], compared to an 
overall rate of < 7 per 100,000 population during the same 
years in Korea. 

The age-adjusted incidence of BNHL increased by 17% 
from 2011 to 2015. The increase in incidence was driven by 
changes in DLBCL, MZL, and FL, which increased by 17%, 
40%, and 36%, respectively, over the study period. In paral-
lel, there was a 16% decrease in the incidence of CLL/SLL. 
The changes in disease incidence appeared to be similar in 
men and women. Our observations compliment and extend 
those reported by Lee et al. [2] using data from the Korean 
Central Cancer Registry and confirm the steady increase in 
the age-standardized incidence of DLBCL, MZL, and FL in 
Korea over the last 16 years (Fig. 5). While we cannot exclude 
that some of the observed increases may be due to improved 
surveillance or diagnostic methods, marked increases in the 
incidence of DLBCL and FL have been observed previously 
in other countries including Canada and the United States 
[25,26]. Age-standardized mortality rates in patients with 
BNHL increased in the Korean population over the study  
period reflecting increases in incidence and prevalence. 

The distribution of BNHL subtypes in our study was some-
what different to that reported previously by Yoon et al. [8] 
from a single large institution in Korea using data from 1989 
to 2008. Compared to Yoon et al. [8], we observed higher pro-
portions of patients with CLL/SLL (4.4% to 6.2% vs. 3.7%), 
FL (8.1% to 9.8% vs. 3.4%) and WM (0.9% to 1.3% vs. 0.5%). 
Estimates for the other subtypes were within the same range. 
Differences for some subtypes could reflect the case defini-
tion used by Yoon et al. [8] which was laboratory-based with 
exclusion of patients without pathological material available 
for review, in contrast to our study that used ICD-10 codes 
arising from claims data. Additionally, our study covered a 
later period, from 2006 to 2015, allowing us to include more 
patients from recent years.

Lee et al. [2], explored the epidemiology of lymphoid  
malignancies in Korea using data from the Korean Central 
Cancer Registry between 1999 and 2012. The age-standard-
ized incidence rate of mature BNHL increased significantly 
(5.6% annually) during the study and was 6.60 per 100,000 in 
2012. Significant increases were also observed for MCL (7.1% 
annual increase), FL (5.1% annual increase), DLBCL (4.0% 
annual increase), and MZL (18.4% annual increase). 

Strengths of our study include the use of a national health 
insurance database which ensured we captured essentially 
all cases of BNHL and SPMs diagnosed in Korea during the 
study years. The 10-year study duration was important for 
detecting SPM in view of the long latency between BNHL Ta
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diagnosis and the development of SPM. Median latency  
periods from diagnosis until the development of SPM are  
approximately 4 years [18,20]. 

Potential study limitations included the lower accuracy of 
coding information in the years 2006-2010, which meant that 
we restricted the cohort analysis of incidence and prevalence 
to 5 years from 2011. In addition, patients who achieved a 
cure after appropriate treatment might be included in the cal-
culation of prevalence in this study because we were not able 
to identify the exact disease status. Therefore, prevalence 
might be overestimated. The Korean health insurance data-
base does not differentiate between malignancies that are 

primary or metastatic. By excluding patients with a previ-
ous cancer diagnosis, solid tumors diagnosed more than 180 
days after the BNHL index date were likely to be SPM. For 
hematological malignancies it was not possible to distinguish 
between disease progression/transformation and a new pri-
mary hematological cancer. We excluded unspecified acute  
leukemia, multiple myeloma, and all subtypes of lymphoma 
to reduce the risk of over-estimating hematological SPM. 
However, potential overestimation of the incidence of SPM 
cannot be ruled out. Nevertheless, in view of the different 
epidemiology of BNHL in Asia compared to Western coun-
tries, our findings potentially reflect an important trend of 
increased SPM in Asia that warrants further investigation. 

In conclusion, the incidence of BNHL in Korea continues to 
increase, driven by increases in MZL, FL, as well as DLBCL. 
Our findings present new challenges for clinicians managing 
BNHL. High incidences of SPM in patients with BNHL war-
rant careful ongoing review of these patients to ensure early 
diagnosis and treatment. BNHL and the long-term compli-
cations associated with survival remain important unmet 
medical needs in South Korea.
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Purpose
Forkhead box C1 (FOXC1) is critical for maintaining bone marrow microenvironments dur-
ing hematopoiesis, but its role in hematological malignancies remains obscure. Here, we 
investigated whether FOXC1 regulates tumor dormancy and activation in the microenviron-
ments of T and natural killer (NK) cell lymphomas.   

Materials and Methods
One hundred and twenty cases of T and NK cell lymphomas were included; the immu-
nohistochemical expression of FOXC1 was investigated in stromal cells, and numbers of 
FOXC1+ stromal cells were counted. Furthermore, the expression of phosphorylated p38 
(p-p38) and phosphorylated ERK1/2 (p-ERK1/2) in tumor cells was investigated using  
immunohistochemistry.
Results
FOXC1 was variably expressed in C-X-C motif chemokine 12–associated reticular stromal 
cells, histiocytes, (myo)fibroblasts, and endothelial cells. The phenotypes of cases were 
categorized as dormant (high p-p38/low p-ERK1/2; n=30, 25.0%), active (high p-ERK1/2/
low p-p38; n=25, 20.8%), or intermediate (others; n=65, 54.2%). Lower FOXC1+ stromal 
cell infiltration was associated with the dormant phenotype, the precursor T lymphoblastic 
leukemia/lymphoma subtype, and inferior overall survival rates, whereas higher FOXC1+ 
stromal cell infiltration was associated with the active phenotype and favorable patient 
prognosis (p < 0.05 for all).

Conclusion
These results suggested that FOXC1+ stromal cells within the microenvironments of T and 
NK cell lymphomas might be related to tumor phenotypes. 

Key words
FOXC1, T and NK cell lymphomas, Tumor microenvironment, Stromal cells, Dormancy, 
p38, ERK

Forkhead Box C1 (FOXC1) Expression in Stromal Cells within the 
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Introduction

The tumor microenvironment plays an important role in 
tumorigenesis and tumor progression by fostering a cross-
talk among tumor cells and several types of stromal cells via 
various signaling pathways [1]. Recent studies have shown 
that the tumor microenvironment is involved in regulating 
tumor dormancy and activation [2,3]. FOX genes, encoding 
transcription factors of a family characterized by the presence 
of a forkhead box (Fox) DNA-binding domain, play key roles 
in developmental processes during embryogenesis and tis-
sue differentiation [4,5]. The gene encoding forkhead box C1 
(FOXC1), located at 6p25, is involved in the pathogenesis of 
Hodgkin lymphoma, via the deregulation of B-cell differen-

tiation [6]. FOXC1 expression has been studied in epithelial  
tumor cells, such as those of nasopharyngeal carcinoma, 
breast cancer, prostate cancer, and melanoma, and it plays 
a regulatory role in the biological behavior of these tumors 
[7,8]. A recent study revealed that FOXC1 is preferentially  
expressed in C-X-C motif chemokine 12 (CXCL12)–associated 
reticular cells (CAR cells), and might promote CAR cell deve-
lopment, upregulating CXCL12 and stem cell factor expres-
sion [9]. CAR cells play essential roles in the tumor microenvi-
ronment and are involved in the regulation of hematopoietic 
stem cells and disseminated tumor cells within the bone mar-
row, affecting retention in the bone marrow, quiescence, and 
repopulation [10,11]. This connection between CAR cells and 
FOXC1 indicates that FOXC1 expression in the tumor micro-



environment is critical and specific for hematopoietic stem 
cell niche formation and maintenance [12]. Although FOXC1 
has a potential role in stromal cells in regulating cell dor-
mancy and activation within the tumor microenvironment, 
similar to CAR cells, studies on FOXC1 expression in stro-
mal cells within tumor microenvironments of hematological  
malignancies are limited. 

The imbalance in activation of the p38 mitogen-activated 
protein kinase (MAPK) pathways and extracellular signal 
regulated kinase (ERK) MAPK pathways plays a key role 
in the establishment of tumor dormancy and activation. In 
dormant tumors, phosphorylated p38 MAPK is generally 
more active than phosphorylated ERK MAPK, and vice versa 
with respect to tumor activation [2,3]. Studies also show that 
the p38 and ERK MAPK pathways are involved in normal  
immature T cell differentiation. Increased p38 MAPK activa-
tion blocks T cell differentiation, whereas increased ERK1/
ERK2 activation is required for T cell differentiation [13,14].

Here, we hypothesized that FOXC1 might be involved in 
regulating tumor dormancy and activation within the tumor  
microenvironments of T cell and natural killer (NK) cell lym-
phomas, which occur frequently at various extramedullary 
sites, disseminate regularly into the bone marrow, and are 
clinically aggressive [15]. In the present study, we investigated  
the implications of FOXC1 expression in the tumor microen-
vironments of T and NK cell lymphomas, focusing on tumor 
dormancy and activation with respect to the p38 MAPK and 
ERK MAPK pathways. 

 

Materials and Methods

1. Case selection and clinicopathological analysis 
In total, 120 cases of T and NK cell lymphomas diagnosed 

at the Severance Hospital from 1999 to 2013 were selected. 
Consecutive patients with pathological diagnoses of T and 
NK cell lymphomas based on biopsied or excised specimens 
were included in this study. Patients with remaining tissue 
inadequate to construct tissue microarrays (TMAs) or per-
form immunohistochemical staining were excluded. The 
included subtypes were 35 cases of peripheral T cell lym-
phoma, not otherwise specified (PTCL, NOS), 39 cases of  
extranodal natural killer/T cell lymphoma (NKTL), 12 cases 
of angioimmunoblastic T cell lymphoma (AITL), 20 cases of 
anaplastic large-cell lymphoma (ALCL), anaplastic lympho-
ma kinase (ALK)-positive, or ALK-negative (ALCL, ALK+, 
n=10; ALCL, ALK−, n=10) disease, 11 cases of T lymphoblas-
tic leukemia/lymphoma (T-LBL), and three cases of other 
types. The extramedullary sites were the primary epicenter 
of all cases. All cases were reviewed and reclassified based 
on the 2008 and 2017 World Health Organization classifica-
tion [16,17]. 

Clinical data including age, sex, primary site, Ann-Arbor 

stage, International Prognostic Index (IPI) risk score, lactate 
dehydrogenase (LDH) level, bone marrow involvement, 
and follow-up data were obtained from electronic medical 
records, and prognostic implications were analyzed for 120 
patients with available clinical data. The mean follow-up  
period after diagnosis was 14 months (range, 1 to 184 
months). The clinicopathological features of the patients are 
summarized in S1 Table. 

2. TMA construction and immunohistochemical evalua-
tion

TMA construction and immunohistochemical staining of 
TMA blocks were performed following a standard protocol 
using a Ventana automatic immunostainer (Ventana, Bench-
mark, Tuscan, AZ) as previously described [18]. The follow-
ing primary antibodies were used: FOXC1 (1:50, Abcam, 
Cambridge, UK), CXCL12 (1:50, CXCL12/SDF1, R&D Sys-
tems, Minneapolis, MN), phosphorylated p38 (p-p38; 1:100, 
phospho T180+Y182, Abcam), phosphorylated ERK1 and 
ERK2 (p-ERK1/2; 1:100, Erk1 [pT202/pY204]+Erk2 [pT185/
pY187], Abcam), CD163 (1:100, clone MRQ-26, Cell Marque, 
Rocklin, CA), CD68 (1:150, clone PG-M1, Dako, Glostrup, 
Denmark), CD34 (1:50, clone QBEnd 10, Dako), S100 (1:2,000, 
Dako), and α-smooth muscle actin (1:500, clone 1A4, Dako). 

To identify FOXC1+ and CXCL12+ stromal cells, the number 
of spindled reticular cells with positive immunoexpression 
in the cytoplasm was counted in at least five fields of the cap-
tured microscopic photographs at 400× magnification and 
the average cell number was obtained. The cutoff for high 
FOXC1+ stromal cell infiltration was defined as the number 
of FOXC1+ stromal cells that surpassed the median value of 
the 120 tested cases. To evaluate p-p38 and p-ERK1/2 immu-
noexpression in tumor cells, moderate to strongly stained 
nuclei of tumor cells were counted and divided by the total 
cell count of the same field. These markers were also counted 
in at least five high-power fields using photographs and the 
average proportion was obtained. Protein expression was  
divided into high and low using median values.  

3. Genetic analyses using acute myeloid leukemia cases 
based on the Cancer Genome Atlas Network data 

The mRNA expression levels of FOXC1, p38 MAPKs (MAP- 
K11, MAPK14, MAPK12, and MAPK13), ERK MAPKs (MAP- 
K1/ERK2 and MAPK3/ERK1), and DUSP1 (MAPK phos-
phatase 1, MKP-1; the regulator of MAPK phosphorylation) 
were compared using the data on acute myeloid leukemia 
(AML) in The Cancer Genome Atlas Network (TCGA; https://
cancergenome.nih.gov). Comprehensive genetic analyses  
were performed using cBioPortal; mRNA expression z-sco- 
res were calculated relative to diploid samples as select  
genomic profiles and to FOXC1, MAPK14, MAPK11, MAPK-
12, MAPK13, MAPK1, MAPK3, and DUSP1 as enter genes 
(TCGA, PanCancer Atlas; n=165; http://www.cbioportal.
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Fig. 1.  Representative features of the microenvironments of T and NK cell lymphomas (×400). Hematoxylin and eosin staining, and im-
munostaining for FOXC1, CXCL12, CD163, CD68 (PG-M1), SMA, CD34, and S100. FOXC1 was expressed in stromal cells, which were 
morphologically compatible with reticular spindle cells, histiocytes, activated macrophages, (myo)fibroblasts, and endothelial cells. NK, 
natural killer; FOXC1, forkhead box C1; SMA, smooth muscle actin.

H&E FOXC1 CXCL12 CD163

CD68 SMA CD34 S100

Fig. 2.  Phenotypes of tumor cells based on p-p38 and p-ERK1/2 expression. (A) Tumor cells with high p-ERK1/2 and low p-p38 were 
grouped into an active phenotype (n=25), those with high p-p38 and low p-ERK1/2 were grouped into a dormant phenotype (n=30), and 
the remaining cases were defined as an intermediate phenotype (n=65). (B) The active phenotype showed significantly higher FOXC1+ 
stromal cell infiltration into the tumor microenvironments than the dormant or intermediate phenotypes. p-p38, phosphorylated p38;  
p-ERK1/2, phosphorylated ERK1/2; FOXC1, forkhead box C1.
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org). These genes were selected based on the information in 
UniProtKB (https://www.uniprot.org). 

4. Statistical analysis
Statistical analyses were performed using SPSS software, 

ver. 23.0 for Windows (IBM Corp., Armonk, NY). Pearson’s 
chi-square test or Fisher exact test was used to compare dif-
ferences between variables, and the Spearman coefficient 
was used for correlation analysis. Patient survival with vari-

ables was analyzed using univariate and multivariate Cox 
proportional hazard models. Overall survival curves were 
plotted using the Kaplan-Meier method and compared using 
the log-rank test. All p-values < 0.05 were considered statisti-
cally significant.

5. Ethical statement
This study was approved by the Institutional Review 

Board of Severance Hospital (Seoul, Korea) and the need for 

Table 1.  Clinicopathological characteristics according to FOXC1+ stromal cell infiltration into the microenvironments of T and NK cell 
lymphomas (n=120)

                       FOXC1+ stromal cell  FOXC1+ stromal cell
Clinical feature No. (%)                     infiltration (number)  infiltration (low and high)                           

  Mean±SD p-value Low (n=95) High (n=25) p-value 

Age (yr)
    < 60  78 (65.0) 37.59±19.40 0.354 59 (62.1) 19 (76.0) 0.195
    ≥ 60  42 (35.0) 34.38±15.09  36 (37.9) 6 (24.0) 
Sex      
    Male 86 (71.7) 34.08±16.50 0.020* 71 (74.7) 15 (60.0) 0.146
    Female  34 (28.3) 42.50±20.39  24 (25.3) 10 (40.0) 
Subtype      
    PTCL, NOS 35 (29.2) 35.17±12.06 0.003* 32 (33.7) 3 (12.0) 0.008*
    NKTL 39 (32.5) 42.23±22.53  24 (25.3) 15 (60.0) 
    AITL 12 (10.0) 40.42±7.84  10 (10.5) 2 (8.0) 
    ALCL, ALK+ 10 (8.3) 37.00±20.97  6 (6.3) 4 (16.0) 
    ALCL, ALK- 10 (8.3) 35.50±15.53  9 (9.5) 1 (4.0) 
    T-LBL 11 (9.2) 16.00±11.82  11 (11.6) 0 ( 
    Others 3 (2.5) 37.33±2.31  3 (3.2) 0 ( 
Primary site      
    Lymph node 63 (52.5) 34.97±13.18 0.018* 56 (58.9) 7 (28.0) 0.001*
    Head and neck 31 (25.8) 45.07±25.12  16 (16.8) 15 (60.0) 
    GI tract 8 (6.7) 33.13±9.43  7 (7.4) 1 (4.0) 
    Soft tissue and bone 11 (9.2) 27.00±16.32  10 (10.5) 1 (4.0) 
    Others 7 (5.8) 30.57±17.60  6 (6.3) 1 (4.0) 
LDH levela)      
    Normal 33 (39.3) 29.85±15.64 0.013* 28 (42.4) 5 (27.8) 0.259
    Elevated  51 (60.7) 40.00±19.08  38 (57.6) 13 (72.2) 
BM involvementa)      
    Absent 67 (69.8) 36.93±19.27 0.495 53 (66.2) 14 (87.5) 0.136
    Present 29 (30.2) 34.17±14.87  27 (33.8) 2 (12.5) 
Ann-Arbor stagea)      
    I-II 24 (26.7) 32.54±22.87 0.275 18 (25.4) 6 (31.6) 0.586
    III-IV 66 (73.3) 37.38±16.63  53 (74.6) 13 (68.4) 
IPI scorea)      
    0-2 55 (60.4) 32.07±19.63 0.016* 44 (61.1) 11 (57.9) 0.799
    3-5 36 (39.6) 41.53±15.06  28 (38.9) 8 (42.1) 
Values are presented as number (%) unless otherwise indicated. FOXC1, forkhead box C1; NK, natural killer; SD, standard deviation;  
PTCL, NOS, peripheral T cell lymphoma, not otherwise specified; NKTL, extranodal natural killer/T cell lym phoma; AITL, angioimmu-
noblastic T cell lymphoma; ALCL, anaplastic large-cell lymphoma; ALK, anaplastic lympho ma kinase; T-LBL, precursor T lymphoblastic 
leukemia/lymphoma; GI, gastrointestinal; LDH, lactate dehydrogenase; BM, bone marrow; IPI, International Prognostic Index. *p < 0.05.  
a)For some cases, data were unavailable for the clinicopathological variables. The differences between variables were compared and ana-
lyzed for cases for which clinicopathological data were available.
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patient consent was waived (4-2015-0954).

Results

1. Association of FOXC1+ stromal cells in the tumor micro-
environment with tumor dormancy and activation 

FOXC1+ stromal cells variably expressed CXCL12 (Fig. 1). 
FOXC1 and CXCL12 expression was not significantly con-
cordant in reticular stromal cells within the microenviron-
ments of T and NK cell lymphomas (r=−0.053, p=0.565) (S2 
Fig.). FOXC1 was also expressed in other types of stromal 
cells, most of which were morphologically similar to reticu-
lar spindle cells, histiocytes, activated macrophages, (myo) 
fibroblasts, and endothelial cells, which express CD163, 
CD68, α-smooth muscle actin, and CD34. However, only 
a portion of each cell type expressed FOXC1, and some of 
these cells did not express FOXC1 (Fig. 1). 

Nuclear expression of p-p38 and p-ERK1/2 in tumor cells 
was individually grouped into high and low based on a cutoff 
of the median value of the tested lymphoma cases. Tumors  
were defined as having a dormant phenotype (high p-p38 
and low p-ERK1/2; n=30, 25.0%), active phenotype (high 
p-ERK1/2 and low p-p38; n=25, 20.8%), or intermediate 
type (both high p-p38 and p-ERK1/2 or both low p-p38 
and p-ERK1/2; n=65, 54.2%) (Fig. 2A). Cases with an active 
phenotype of tumor cells showed significantly more infil-
trating FOXC1+ stromal cells within the tumor microenviron-
ment than those with dormant or intermediate phenotypes 

(p=0.023 and p=0.036, respectively) (Fig. 2B).

2. Status of FOXC1+ stromal cells in the tumor microenvi-
ronment with respect to clinicopathological variables

The status of FOXC1+ stromal cell infiltration in the tumor 
microenvironment according to clinicopathological variables 
is summarized in Table 1 and Fig. 3. The number of FOXC1+ 
stromal cells that infiltrated into the tumor microenviron-
ment differed significantly according to the T and NK cell  
tumor subtype (p=0.003) (Table 1). Precursor T-LBL was char-
acterized by significantly low numbers of FOXC1+ stromal 
cells as compared to that in mature T or NK cell lymphomas 
(p < 0.001) (Fig. 3A). The number of FOXC1+ stromal cells 
also differed significantly according to the anatomic site/ 
organ of the tumors; head and neck sites contained rela-
tively higher numbers of FOXC1+ stromal cells than did the 
remaining sites (p=0.019) (Table 1, Fig. 3B). Increased LDH 
levels and higher IPI scores (score ≥ 3) were significantly  
associated with increased numbers of counted FOXC1+ stro-
mal cells (p < 0.05 for both); however, such association was 
not noted when cases were divided into two groups of low 
and high FOXC1+ stromal cell infiltration (Table 1). Bone 
marrow involvement, Ann-Arbor stage, or age did not corre-
late significantly with FOXC1+ stromal cells within the tumor 
microenvironment (Table 1).

The clinicopathological features did not show any signifi-
cant correlation with the dormant, intermediate, or active 
phenotypes of tumor cells (S3 Table). Although statistical sig-
nificance was not observed, the active phenotype was rela-

Fig. 3.  Number of FOXC1+ stromal cells based on T and NK cell tumor subtype and anatomic site/organ of the tumors. (A) Precursor 
T lymphoblastic leukemia/lymphoma samples had significantly lower numbers of FOXC1+ stromal cells than mature T or NK cell lym-
phoma samples. (B) Head and neck sites were associated with higher FOXC1+ stromal cell infiltration than did other sites/organs. FOXC1, 
forkhead box C1; NK, natural killer; PTCL, NOS, peripheral T cell lymphoma, not otherwise specified; NKTL, extranodal natural killer/T 
cell lymphoma; AITL, angioimmunoblastic T cell lymphoma; ALK, anaplastic lymphoma kinase; ALCL, anaplastic large-cell lymphoma; 
T-LBL, precursor T lymphoblastic leukemia/lymphoma; GI, gastrointestinal.
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tively rare in cases of precursor T-LBL (9.1%, 1/11). However, 
the dormant phenotype was relatively more frequent (45.5%, 
5/11) than other subtypes (S3 Table, S4 Fig.).

3. Comparison of FOXC1, p38 MAPK, and ERK MAPK 
mRNA expression levels in AML cases

Cases with high FOXC1 mRNA expression were not 

matched with those with high p38 MAPKs (MAPK11, MAPK-
14, MAPK12, and MAPK13) mRNA, ERK MAPKs (MAPK1/
ERK2, MAPK3/ERK1) mRNA or DUSP1 mRNA expression. 
The expression of p38 MAPKs was not high in cases showing 
high FOXC1 expression (Fig. 4). 

Fig. 4.  Comparison of the mRNA levels of FOXC1, p38 MAPKs (MAPK11, MAPK14, MAPK12, and MAPK13), ERK MAPKs (MAPK1/ERK2 
and MAPK3/ERK1), and DUSP1 (MAPK phosphatase 1, MKP-1; regulator of MAPK phosphorylation) in acute myeloid leukemia (The 
Cancer Genome Atlas Network, PanCancer Atlas; n=165). Note that the expression of p38 MAPKs was not high in cases showing high 
FOXC1 expression. FOXC1, forkhead box C1; MAPK, mitogen-activated protein kinase. 
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Table 2.  Univariate and multivariate Cox analyses for overall survival of patients with T and NK cell lymphomas 

Variable 
 Univariate analysis   Multivariate analysis                          

 HR 95% CI p-value HR 95% CI p-value 

Age (≥ 60 yr vs. < 60 yr) 1.8 1.2-2.8 0.007* - - - 
Sex (female vs. male) 1.5 0.9-2.3 0.102 - - -
Subtype (vs. PTCL, NOS)      
    NKTL 0.7 0.4-1.2 0.180 - - -
    AITL 1.2 0.6-2.4 0.665 - - -
    ALK+ ALCL 0.1 0.03-0.6 0.008* - - -
    ALK– ALCL 2.0 1.0-4.2 0.064 - - -
    T-LBL 0.9 0.4-1.9 0.754 - - -
    Others 0.3 0.04-2.4 0.267 - - -
Tumor sites (vs. lymph node)      
    Head and neck 0.5 0.3-0.9 0.029* - - -
    GI tract 1.3 0.6-2.9 0.509 - - -
    Soft tissue and bone 0.3 0.1-0.8 0.021* - - -
    Others 0.8 0.3-2.0 0.633 - - -
LDHa) (elevated vs. normal) 1.3 0.7-2.2 0.375  - - -
BM involvementa) (present vs. absent) 1.1 0.7-1.9 0.646  - - -
Ann-Arbor stagea) (III-IV vs. I-II) 1.9 1.0-3.6 0.049* - - -
IPI scorea) (3-5 vs. 1-2) 3.4 2.0-5.6 < 0.001* 3.5b) 2.1-6.0 < 0.001*
Phenotype (vs. active phenotype)     
    Dormant phenotype 1.1 0.6-2.0 0.812  - - -
    Intermediate phenotype 0.8 0.4-1.3 0.331  - - -
FOXC1+ stromal cells (low vs. high) 2.1 1.1-3.9 0.014*  1.9 1.0-3.8 0.059
NK, natural killer; HR, hazard ratio; CI, confidence interval; PTCL, NOS, peripheral T cell lymphoma, not otherwise specified; NKTL,  
extranodal natural killer/T cell lymphoma; AITL, angioimmunoblastic T cell lymphoma; ALK, anaplastic lymphoma kinase; ALCL, ana-
plastic large-cell lymphoma; T-LBL, precursor T lymphoblastic leukemia/lymphoma; GI, gastrointestinal; LDH, lactate dehydrogenase; 
BM, bone marrow; IPI, International Prognostic Index; FoxC1, forkhead box C1. *p < 0.05. a)Survival analyses were performed for cases with 
available survival data and clinicopathological data, b)In multivariate analysis, age, Ann-Arbor stage, and extranodal tumor sites were not 
included, as these factors are included in IPI risk scoring.
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4. Prognostic implications of FOXC1+ stromal cells within 
the T or NK cell lymphoma microenvironments 

The overall survival rates of patients according to the sta-
tus of FOXC1+ stromal cells, as well as other clinicopatho-
logical variables, were evaluated using univariate and mul-
tivariate analyses and are summarized in Table 2 and Fig. 
5. Low FOXC1+ stromal cell infiltration correlated signifi-
cantly with a worse overall survival rate (p=0.014) (Table 2, 
Fig. 5A). In addition, age > 60 years, lymph nodes as tumor 

sites (vs. head and neck sites), higher Ann-Arbor stage (≥ III), 
and higher IPI scores (≥ 3) were significantly related to poor 
overall survival based on univariate analysis (p < 0.05 for all)  
(Table 2, Fig. 5B-E). However, the tumor phenotypes (dor-
mant, active, or intermediate) were not related to overall 
survival rates (p=0.327) (Table 2, Fig. 5F). In multivariate 
analysis, higher IPI scores (≥ 3) were independent prognos-
tic factors for overall survival (p < 0.001) (Table 2). Although 
not statistically significant, low FOXC1+ stromal cell status 

Fig. 5.  Kaplan-Meier analyses for overall survival of T and NK cell lymphoma patients. Lower FOXC1+ stromal cell infiltration (A), age  
> 60 years (B), lymph nodes as the primary tumor site (C), higher Ann-Arbor stage (≥ III) (D), and higher IPI score (≥ 3) (E) were signifi-
cantly related to poor overall survival. (F) Dormant, active, or intermediate tumor phenotypes showed no significant association with 
overall survival. Survival analyses were performed for cases with available survival and clinicopathological data. NK, natural killer; 
FOXC1, forkhead box C1; IPI, International Prognostic Index. 
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tended to be marginally yet independently related to poor 
overall survival (p=0.059) (Table 2).

Survival analyses for high and low FOXC1+ infiltrated  
tumors were performed according to each subtype, PTCL and 
AITL cases (known to be associated with poor prognosis), 
and NKTL and ALK+ ALCL  cases (with good prognosis) (S5 
Fig.). There was no statistically significant association in each 
subtype. Survival analysis for high and low FOXC1+ stromal 
cells in all cases except those with tumors arising in the head 
and neck was performed; low FOXC1+ stromal cell-infiltrat-
ed tumors showed significantly poorer survival (p=0.020) (S6 
Fig.). According to the primary site, tumors with low FOXC1+ 
stromal cell infiltration arising in lymph nodes were associ-
ated with significantly lower survival (p=0.025) (S7 Fig.). In 
NKTL cases, tumors arising in lymph nodes were associated 
with a worse prognosis than those arising in the head and 
neck (p < 0.001) (S8 Fig.). In the univariate and multivariate 
analyses of subtypes and primary sites, ALK+ ALCL showed 
a significantly better prognosis (S9 Table). 

Discussion

Although the microenvironments of extramedullary hema- 
topoietic disorders have not been studied extensively, the 
contribution of the tumor microenvironment to the patho-
genesis of lymphoid malignancies is being increasingly rec-
ognized [19,20]. Based on a recent study showing that FOXC1 
is critical for maintaining the bone marrow microenviron-
ment associated with hematopoietic stem cell regulation [9], 
we hypothesized that it might be involved in the regulation 
of tumor dormancy and activation in the microenvironments 
of T and NK cell lymphomas. Here, we investigated the  
infiltration of FOXC1+ stromal cells within the tumor micro-
environment, along with p-ERK1/2 and p-p38 expression in 
tumor cells. 

Unlike previous results showing that FOXC1 expression 
is the highest in CAR cells within the normal bone marrow 
microenvironment compared to that in other bone marrow 
non-hematopoietic cells (with very low levels) [9], various 
lineages of stromal cells were found to express FOXC1 in 
this study. We observed that FOXC1 was expressed in stro-
mal cells, most of which were morphologically compatible 
with reticular spindle cells, fibroblasts, and histiocytes. Some 
FOXC1+ stromal cells expressed CXCL12, whereas the others 
did not. This difference might be caused by variations in the 
microenvironments; extramedullary sites, which are sites of 
lymphomagenesis, instead of the normal bone marrow micro- 
environment, were investigated in this study.

To assess the putative role of FOXC1+ stromal cells in reg-
ulating tumor dormancy and activation within the tumor  
microenvironment, we divided tumor phenotypes into active  
or dormant phenotypes based on phosphorylated p38 and 

ERK1/2 expression in accordance with previous reports 
[2,3]. The number of infiltrating FOXC1+ stromal cells was 
significantly lower in the dormant tumor cells than in active 
phenotype tumor cells within the microenvironments of T 
and NK cell lymphomas. This observation was not concord-
ant with the results of a previous study [9]. In that study, 
FOXC1 was found to be essential for the maintenance of mes-
enchymal niches for hematopoietic stem cells and progeni-
tor cells within the normal bone marrow [9]. Although our 
study focused on tumors of T and NK cell lineages in extra-
bone marrow sites, these conflicting results require further 
in-depth investigations. 

Evidence supporting either observation is limited as stud-
ies on the role of FOXC1 in hematological malignancies are 
rare. Although recent comprehensive genetic analyses on 
AML based on TCGA data have not focused on T and NK 
cell lymphomas or their microenvironments, they might 
support our observations. We also compared the mRNA  
expression levels of FOXC1, p38 MAPKs (MAPK11, MAPK14, 
MAPK12, and MAPK13), ERK MAPKs (MAPK1/ERK2, and  
MAPK3/ERK1), and DUSP1 using the AML data. We noted  
that the expression of p38 MAPKs was not high in cases 
showing high FOXC1 expression. A comparison of the 
mRNA levels of a limited number of genes cannot be used 
to delineate the overall signaling cascade involving the 
phosphorylation and activation of the p38 MAPK and 
ERK MAPK pathways. However, this finding suggests that 
FOXC1 activation occurs predominantly in non-dormant  
hematological malignancies. 

In addition, patients with precursor T-LBL had fewer FOX-
C1+ stromal cells than those with mature T and NK cell lym-
phomas. Moreover, in the precursor T lymphoblastic lym-
phoma, the active phenotype was relatively rare, whereas the 
dormant phenotype was relatively more common than other 
subtypes. Another study showed that imbalances between 
p38 MAPK and ERK MAPK pathways were associated with 
the dormancy of acute T lymphoblastic leukemia, the leu-
kemic counterpart of precursor T lymphoblastic lymphoma 
[21]. Taken together, these observations suggested that the 
number of FOXC1+ stromal cells might be associated with the 
tumor status, i.e., an active or dormant phenotype. Further 
in-depth study is required to understand the mechanisms 
through which FOXC1 is downregulated in the stromal cells 
of dormant tumors. Studies show that crosstalk between  
tumor cells and their microenvironments controls the switch 
between proliferating and dormant tumor cells, and various 
signals are involved in this switch  [22]. FOXC1 activation or 
suppression in the tumor microenvironment might be one of 
the signals involved in the regulation of tumor dormancy or 
activation, along with the p38 MAPK and ERK MAPK path-
way cascades.

In the present study, low infiltration of FOXC1+ stromal 
cells were associated with a dormant phenotype and poor 
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outcome for patients with T and NK cell lymphomas. The 
dormant phenotype is generally considered to be associated 
with therapy resistance, resulting in treatment failure and 
disease progression [2,3]. However, this phenotype was not 
specifically associated with patient prognosis in our series. 
The reduced infiltration of FOXC1+ stromal cells into the  
tumor microenvironment appears to be related to the aggres-
sive clinical behavior of T and NK cell lymphomas. Survival 
could be affected by the behavior of each subtype, but the 
tendency of low FOXC1+ stromal cell-infiltrated tumors to 
show poor prognosis was maintained according to the sub-
types. This tendency was also maintained according to the 
primary site, except the head and neck, which included simi-
lar numbers of cases of NKTL in both the FOXC1+ low and 
high groups. NKTL is known to be associated with a good 
prognosis among T and NK cell lymphomas, but NKTLs 
arising in the lymph node have a poorer prognosis than those 
arising in the head and neck, and NKTLs with low FOXC1+ 
stromal cell-infiltrated tumors showed a similar tendency of 
poor prognosis. Overall, patient outcome appears to be ulti- 
mately determined by a combination of intrinsic factors, 
such as the dormant or activated status of tumor cells, and 
extrinsic factors, such as the tumor microenvironment [23]. 
For T and NK cell lymphomas, FOXC1+ stromal cells in the 
tumor microenvironment might be an important extrinsic 
factor determining the biological phenotypes of tumor cells 
and the clinical risk of patient outcome.

Our study has certain limitations. FOXC1 is a transcrip-
tion factor, and recent studies have revealed that its expres-
sion is preferentially nuclear [9]. In addition, in several stud-
ies on carcinomas of epithelial origin, upregulated nuclear  
expression of FOXC1 was found to be related to prolifera-
tion, epithelial-mesenchymal transition, angioinvasion, and  
poor patient prognosis for basal-like breast carcinoma [24,25],  
gastric carcinoma [26], non-small cell lung cancer [27], and 
oral squamous cell carcinoma [28]. However, in our study 
on T and NK cell lymphoma tissues, FOXC1 was gener-
ally expressed in the cytoplasm of stromal cells within the 
tumor microenvironment, and a reduction in the number 
of FOXC1+ stromal cells was related to unfavorable patient 
prognosis. Some studies have shown that FOXC1 is phos-
phorylated and activated by the ERK1/2 MAPK pathways 
and that phosphorylated FOXC1 localizes to the nuclei, while 
the unphosphorylated form remains in the cytosol [29,30]. 
Although the results of these in vitro analyses do not com-

pletely support our observations, they might partially exp-
lain our results regarding the association between increased 
FOXC1 expression and the active phenotype characterized 
by high p-ERK1/2 levels. FOXC1 in the cytosol of stromal 
cells might be unphosphorylated and could act as a substrate 
for activated ERK MAPK. The suppression of ERK MAPK in 
dormant tumors might not necessarily lead to an increase in 
the levels of unphosphorylated FOXC1 in the cytosol. Actu-
ally, a recent study on ovarian serous tumors showed that 
cytoplasmic FOXC1 expression decreases with higher histo-
logical tumor grade, which suggests that cytoplasmic FOXC1 
might be unphosphorylated [31]. Our observations cannot 
explain the function of cytoplasmic FOXC1 in stromal cells 
within the microenvironments of T and NK cell lymphomas. 
However, the FOXC1 status in the tumor microenvironment 
might be indicative of the molecular crosstalk between tumor  
cells and stromal cells during the regulation of tumor dor-
mancy or activation.  

In summary, a decrease in the number of FOXC1+ stromal 
cells within the microenvironments of T and NK cell lym-
phomas was found to be associated with the dormant phe-
notype of tumor cells and poor patient outcome. To the best 
of our knowledge, this is the first study to provide evidence 
regarding a putative relationship between FOXC1+ stromal 
cells and tumor phenotype (dormant or active) in T and NK 
cell lymphomas. Further investigations are required to eluci-
date how FOXC1+ stromal cells regulate tumor dormancy or 
activation within the tumor microenvironment. The modula-
tion of FOXC1 expression in stromal cells within the tumor 
microenvironment could be utilized as a possible therapeutic 
strategy to treat aggressive T and NK cell lymphomas, espe-
cially with respect to the regulation of tumor dormancy and 
activation. 
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We present a rare case of urothelial carcinoma in situ (CIS), which invades the prostate 
and seminal vesicle (SV). A 70-year-old man underwent transurethral resection of blad-
der (TURB), and the pathologic examination revealed multiple CIS. Although the patient 
received intravesical bacillus Calmette-Guerin (BCG) therapy following TURB, recurrence 
of CIS was confirmed in the bladder and left distal ureter at 3 months following BCG. Radi-
cal cystectomy was performed due to BCG-refractory CIS. Microscopically, CIS was found 
throughout the mucosa of the bladder, left ureter, prostatic duct, and both SVs. Next-gener-
ation sequencing revealed significant differences in tumor clonality between bladder and 
SV CIS cells. Among 101 (bladder CIS) and 95 (SV CIS) somatic mutations, only two were 
shared, and only one gene (ARHGAP23) was common exon coding region gene. In conclu-
sion, multicentric genetic changes, in line with the field-cancerization effect, may result in 
SV involvement by CIS of the bladder.

Key words
Urinary bladder neoplasms, Seminal vesicle involvement, Carcinoma-in-situ, 
High-throughput nucleotide sequencing, Clonality
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Introduction

Bladder cancer (BC) is the second most common cancer of 
the genitourinary tract worldwide [1]. Approximately 75% of 
patients with BC present with non-muscle invasive BC which 
is either confined to the mucosa (stage Ta and carcinoma in 
situ [CIS]) or the submucosa (stage T1) [2]. Non-muscle inva-
sive BC is characterized by frequent recurrence, and muscle-
invasive BC often metastasizes to regional or distant lymph 
nodes and distant sites such as the bone, lung, and liver. 
However, the seminal vesicle (SV) involvement of urothelial 
carcinoma is uncommon [3-5]. Hypothetically, two distinct 
patterns have been suggested to explain how primary BC  
extends to the SVs: One is direct invasion through the bladder 
wall and perivesical fat, which occurs in most cases, while the 
other pattern is pagetoid mucosal spread of urothelial carci-
noma, which is uncommon [5,6].

Specifically, CIS of the SVs has been previously reported by 
few studies [5-8], always in association with multifocal CIS of 
the bladder, prostate, and ureter. Although several possibili-
ties including pagetoid mucosal spread, tumor cell implanta-
tion, and de novo development of urothelial carcinoma [5,6] 
have been suggested with regard to the mechanism of the SV 
involvement by CIS, clonal analysis of the tumor cells has not 
been analyzed yet. Clonal analysis of the bladder and SV CIS 
cells may be helpful to elucidate the mechanism by which CIS 
invades the SV. Next-generation sequencing (NGS) is a tech-
nology of DNA sequencing for genomic research, and new 
knowledge may be obtained by employing NGS in the field 
of BC [9]. In this study, we present a very rare case of blad-
der CIS, which did not respond to bacillus Calmette-Guerin 
(BCG) therapy and invaded the prostatic duct and SV. For the 
first time, we also report results of tumor clonal analysis from 
CIS cells of bladder and SV using NGS. 
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Case Report

1. Case
A 70-year-old man visited the Eulji University Hospital 

with gross hematuria, with no specific medical history. As  
diagnostic work-ups for hematuria, cystoscopy showed a 
wide spread of velvety lesions on posterior bladder wall. 
The computed tomography (CT) scan revealed focal enhanc-
ing lesion at the right lateral and left anterolateral wall of the 
bladder and segmental enhancement of the left distal ureter 
(Fig. 1). For pathologic diagnosis of the lesions on bladder 
and left distal ureter, retrograde-pyelography (RGP), diag-
nostic ureteroscopy (URS), and transurethral resection of 
bladder (TURB) were performed. The RGP showed uretero-
vesical junction narrowing and proximal ureter kinking. No 
definite mass was observed in the left distal ureter, in diag-
nostic URS. Therefore, random biopsies were performed in 
left distal ureter, where segmental enhancement was obser-
ved on CT scan. All velvety lesions in the bladder were resec-
ted using a bipolar resectoscope. The pathologic findings 
depicted multifocal urothelial CIS in the bladder and left dis-
tal ureter. At postoperative 2 weeks, the patient was treated 
with 6 weeks of intravesical BCG. At 3 months after TURB, 
follow-up CT showed enhancing lesions at multiple bladder 
mucosa and left distal ureter again. The patient underwent 
diagnostic URS and TURB again. Diagnostic URS showed 
left distal ureter obstruction with a mass-like lesion, and mul-
tiple biopsies of ureter lesion were performed, while TURB 
was also performed for the newly developed multiple vel-
vety lesions in the bladder. The pathologic findings showed 
multiple urothelial CIS in the bladder, but no malignancy of 
ureter. Since the tumor was considered to be BCG-refractory 
CIS of bladder, the patient underwent robot-assisted radical 
cystectomy with ileal neobladder. After radical cystectomy, 
the patient recovered without any specific complications and 
did not undergo adjuvant chemotherapy. Up to 24 months 
after cystectomy, there was no evidence of recurrence in fol-

low-up CT scans and urine cytology examinations.
The microscopic findings of cystectomy specimens showed 

urothelial CIS throughout the mucosa of the bladder, left 
ureter, prostatic urethra with prostatic ductal extension 
and multifocal stromal invasion, ejaculatory ducts, and SV 
(Fig. 2). Tumor cells revealed distinct nuclear membranes 
and relatively abundant eosinophilic cytoplasm. The nuclei 
of tumor cells were large, hyperchromatic, markedly pleo-
morphic and angular with irregular contours, coarse chro-
matin, prominent nucleoli, and frequent mitoses. The tumor 
cells showed pagetoid spread into the prostatic acini and 
ducts, neighboring ejaculatory ducts and the mucosa of the 
SV. These pagetoid spread were mainly observed between 
the intact overlying epithelium and underlying basement 
membrane of prostatic ducts and/or acini and SV, thereby 
resulting in complete replacement of ducts and acini by  
tumor cells. In immunohistochemical staining, the tumor 
cells in the urinary bladder as well as the prostatic ducts and 
SV were seen to be positive for cytokeratin 20 and p53, but 
negative for CD44 and prostate-specific antigen. 

Whole exome sequencing was performed to analyze the 
genomic differences between CIS cells of the bladder and 
SVs. A total amount of 1.0 μg genomic DNA per sample was 
used as an input material for the DNA library preparation 
using formalin-fixed, paraffin-embedded samples obtained 
from bladder and SV lesions under light microscopy by an 
experienced uro-pathologist (J.H.K.). Blood sample was used 
as a normal reference for the two tumor samples. Sequenc-
ing libraries were generated using the Agilent SureSelect 
Human All Exon V7 kit (Agilent Technologies, Santa Clara, 
CA), following the manufacturer’s recommendations, and 
index codes were added to each sample. The average depths 
for each sequenced data were 109.33 (blood), 136.06 (bladder 
CIS), and 117.50 (SV CIS), respectively. We used the MuTect 
[10] to detect somatic single nucleotide variants (SNVs), and 
the Strelka to detect somatic small insertions and deletions 
(InDels), and copy number variations (CNVs) in the tumor 

Fig. 1.  Computed tomography scan shows multiple enhancing lesion at bladder mucosa (yellow lines) (A) and segmental enhancement 
of the left distal ureter (red line) (B).
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samples. SNVs and InDels with variant allele frequency  
(≥ 0.1) and sequencing read (≥ 10) were used for further 
analysis. Mutations were defined as genes with a frequency 
of less than 1% in three human genomic databases such as 
1000 Genomes, Exome Aggregation Consortium (ExAC) and  
exome sequencing project. We also excluded SNVs frequ-
ently observed in Korean population by using KRGDB of 
1,722 samples (http://coda.nih.go.kr/coda/KRGDB/index. 
jsp). We found only two common SNVs among 101 SNVs of 
bladder CIS and 95 SNVs of SV CIS lesions (Table 1). Among 
the two SNVs which were shared by the bladder and SV  
tumor cells, only one gene (Rho GTPase activating protein 23 
[ARHGAP23]) lie in exonic coding region. Notably, we found 
significant differences in the genomic changes between blad- 
der and SV tumor cells, including the SNVs (S1 and S2  
Tables), the InDels (S3 and S4 Tables), and the CNVs (S5 and  
S6 Tables).

2. Ethical statement
The study protocol was approved by the Institutional  

Review Board of the Eulji University Hospital (No. 2019-
12-011). Written informed consent was obtained from our  
patient after explaining the present study. 

Discussion

Multifocality is an important feature of urothelial carcino-
ma, frequently occurring in the BC, renal pelvis, and ureter 
tumors [11]. The concept of “field change” and “a monoclo-
nal origin” has been proposed with regard to the multifocal 
nature [12,13]. The monoclonal theory suggests that multiple 
tumors occur from an intraluminal seeding or intra-epithe-
lial migration of single malignant transformed urothelial 
cells [14]. In contrast, the field change theory describes that 
exposure of carcinogens may lead to independent genetic 
change at different sites of the urinary tract [15]. Many previ-
ous studies [12-15] were carried out to analyze the clonality 
of multifocal urothelial carcinoma, but at present there is no 
consensus whether multifocal lesions have a monoclonal ori-

Fig. 2.  Microscopic findings of radical cystectomy specimen. (A) Urothelial carcinoma in situ (CIS) is observed in the urinary bladder, in 
which mucosal epithelium is covered by the highly anaplastic tumor cells (H&E staining, ×400). (B) The prostatic acini and ducts are also 
involved by neoplastic urothelial cells (H&E staining, ×400). (C) The mucosa of the seminal vesicle shows pagetoid spread of the tumor 
cells (H&E staining, ×400). (D) In the urothelial CIS of the bladder, p53 was highly expressed on the nuclei of tumor cells (×400). (E) p53 
was highly expressed in pagetoid spreading tumor cells of the seminal vesicle (×400). (F) Prostate-specific antigen was not expressed in the 
tumor cells in the ducts of prostate (×400).

A

D

B

E

C

F

Table 1.  Common somatic single nucleotide variants which were shared by the bladder and seminal vesicle carcinoma in situ lesions

Chromosome Startp Endp
 Ref_ Var_ VAF of  VAF of  

Category Gene
   allele allele bladder seminal vesicle 

11 68549472 68549472 C T 0.448 0.273 Intronic CPT1A 
17 36636008 36636008 C T 0.250 0.278 Exonic ARHGAP23
VAF, variant allele frequency.
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gin or an independent origin.
Meanwhile, the incidence of SV involvement by urothelial 

carcinoma is reported to be approximately 3% in radical cys-
tectomy cases [4-6]. However, SV involvement by CIS is very 
rare [5-8]. Notably, no prior study analyzed the mechanism 
of the SV involvement, but some previous studies [5-8] have 
suggested that bladder CIS cells of monoclonal origin spread 
to SV. For example, two U.S. studies have hypothetically sug-
gested the implantation or intramucosal metastasis of mono-
clonal tumor cells [5] or intraepithelial (pagetoid) spread of 
bladder CIS to SV [6] as a mechanism of the SV involvement. 
Similarly, a Korean study suggested CIS involvement of SV 
by the pagetoid spread of bladder CIS rather than the de 
novo development of separate SV CIS, based on microscopic 
features [8]. 

In line with the hypothetical mechanism, our pathological 
findings and immunohistochemical staining results support 
the notion of pagetoid mucosal extension of bladder CIS to 
prostatic ducts and SV. However, of note, our whole exome 
sequencing analyses results indicate that CIS cells of SV were 
quite distinct from bladder CIS cells in terms of clonality. For 
example, among somatic SNVs frequently detected in BC, 
TP53 (one of tumor suppressor genes) and KDM6A (one of 
most commonly mutated, chromatin-modifying genes in 
BC) mutations were present in bladder CIS, but absent in 
SV CIS (S1 and S2 Tables). Meanwhile, ZDHHC21, PGGHG, 
and USP7 mutations, which were reported to be associated 
with BC, were present in SV CIS only, not in bladder CIS. 
Notably, only one gene (ARHGAP23) was common exon cod-
ing region gene, supporting our findings. Thus, in contrast 
to the circumstantial evidence suggested by previous stud-
ies [5,6,8], our results based on direct clonal analysis indicate 
that multiclonal oncogene activation or loss of tumor sup-
pressor genes may be responsible for the formation of sepa-
rate CIS lesions in SVs with more or less malignant behavior, 
depending on the type of genetic change [13]. Interestingly, 
our NGS analysis showed that majority of somatic variants 
are non-coding mutations (such as intronic, ncRNA_exonic, 
ncRNA_intronic, etc.) while clinical significance of those  
mutations is largely unknown (S1 and S2 Tables). Thus, clini-
cal significance of those mutations needs further investiga-
tion with more samples, although SV involvement by CIS 
of the bladder is extremely rare. Integrating our results, we  
believe that SV involvement by CIS may not occur by hypo-

thetical pagetoid spread of bladder CIS cells, but independ-
ent tumor progression in SVs through field-cancerization 
effect. 

The prognostic significance of the SV involvement by blad-
der CIS remains unclear due to its infrequency [8]. Although 
several studies have noted that mucosal spread to SV should 
be a separate subcategory owing to its better prognosis com-
pared to direct SV invasion [4,5], more cases are needed to 
define the prognosis of patients with SV involvement by CIS. 
Meanwhile, a prior study raised the possibility of inadequate 
pathological sampling as a reason of the uncommon occur-
rence of SV involvement by BC in surgical pathology labora-
tories [6]. Thus, the adequate evaluation of SV involvement 
in radical cystectomy specimens is needed. Importantly,  
because all reported cases including our study had multifo-
cal CIS in urinary tract (bladder, ureter, prostatic duct, and 
SV) and our data support multicentric genetic changes in 
urinary tract, we need to carefully monitor synchronous CIS 
development in remnant urinary tracts with regular CT scan 
and urine cytology. 

To our knowledge, our study is the first report to analyze 
the tumor clonality between bladder and SV CIS using NGS 
to elucidate the mechanism of tumor spread into the SV. 
Integrating our results, we believe that multicentric gene-
tic changes, in line with the field-cancerization effect, may 
result in SV involvement by CIS of the bladder. Although, 
the pagetoid spread of CIS in SV is uncommon, the clinician 
must be aware of the possibility of SV involvement by CIS, 
specifically in patients with multifocal CIS lesions. Further 
studies are needed to determine clinical implications of SV 
involvement by CIS.
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The non-small cell lung cancer with activating epidermal growth factor receptor (EGFR) 
mutation eventually acquires resistant to either first or second-generation EGFR tyrosine 
kinase inhibitor (TKI). As the following option, targeting EGFR T790M with third-generation 
EGFR TKI is now established as a standard treatment option. In this study, we are reporting 
the first case of resistance mechanism to the novel third-generation EGFR TKI, lazertinib, 
which showed promising clinical efficacy in phase 1-2 study. The patients showed resist-
ance to the treatment by acquiring the additional EGFR C797S mutation in cis which is also 
confirmed from the patient-derived cell lines.
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Introduction

Non-small cell lung cancer (NSCLC) with activating epi-
dermal growth factor receptor (EGFR) mutation treated with 
either a first- or second-generation tyrosine kinase inhibitor 
(TKI) can experience treatment failure, most commonly by 
acquiring an additional genomic alteration in EGFR T790M 
[1]. Lazertinib (YH25448) is a potent irreversible third-gener-
ation EGFR TKI that targets both T790M and activating EGFR 
mutation with high penetration to the blood-brain barrier. 
Lazertinib showed promising anti-tumor efficacy with a 57% 
overall response rate and 9.7-month median progression-free 
survival in EGFR T790M-positive patients [2]. However, there 
is no previous report showing the mechanism of tumor resist-

ance acquisition to lazertinib. In this case report, we conduct-
ed deep-targeted sequencing of resistant tumor samples and 
established patient-derived cell lines (PDC) from a patient 
treated with lazertinib to elucidate the underlying genomic 
alteration associated with resistance. 

Case Report

A 38-year-old current male smoker presented with stage 
4, cT1bN3M1b, NSCLC adenocarcinoma. Informed consent 
was received under supervision of institutional review board 
(SMC 2011-10-054-034). The patient was shown to harbor an 
EGFR exon 19 deletion using real-time polymerase chain  
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reaction from the initial biopsy sample obtained from the  
mediastinal lymph node. Afatinib was administered as a first-
line treatment and showed very good partial response with 
7.1 months of progression-free survival. After first-line EGFR 
TKI failure, a second biopsy from the newly progressed met-
astatic lymph node showed acquired EGFR T790M mutation. 

As a subsequent treatment, the patient received lazertinib as 
a part of a clinical trial (NCT03046992, YH25448-201). How-
ever, after 6.2 months of partial response to lazertinib, the 
patient developed malignant ascites, suggesting peritoneal 
seeding due to resistance. 

Deep-targeted sequencing (CancerSCAN [3]) of ascites 

Fig. 1.  (A) Target sequencing in samples from lazertinib-resistant malignant ascites. Integrative genomic viewer of sample showing  
additional epidermal growth factor receptor (EGFR) C797S cis mutation. (B) Western blot of patient-derived cell line (PDC) samples. 
(C) Cell viability analyses conducted in samples after exposure to tyrosine kinase inhibitor for 72 hours. SNV, single nucleotide variant;  
INDEL, insertion/deletion; EpCAM, epithelial cell adhesion molecule. 
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samples demonstrated acquired EGFR C797S mutation in cis, 
variant allele frequency (VAF) of 9.4%, EGFR T790M (VAF of 
3.5%), and EGFR exon 19 deletion (VAF 9.2%) (Fig. 1A). PDCs 
established from the same ascites sample showed EGFR exon 
19 deletion (Fig. 1B). Cell viability of PDCs showed resistance 
to first- and third-generation EGFR TKIs including erlotinib, 
gefitinib, lazertinib, and osimertinib or the c-Met inhibitor 
savolitinib (Fig. 1C). 

Discussion

Diverse resistance mechanisms to third-generation EGFR 
TKI have been reported including loss of T790M, acquisition 

of EGFR C797S mutation, c-Met amplification, activation of 
other bypass tract, or small cell lung cancer transformation. 
Among them, EGFR C797S/T790M mutation is the most fre-
quently observed, accounting for 20%-30% of cases. It is of 
note that tumors acquiring an additional mutation of EGFR 
C797X maintain the original EGFR T790M mutation [4]. In 
this report, we present the first clinical case of new EGFR 
C797S/T790M mutation in a patient who failed lazertinib. 
Further validation with a large number of patients and new 
treatment strategies to overcome this resistance mutation are 
warranted.
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Recently, there have been a few reports of rituximab (RTX)-induced Crohn’s disease, but 
there is no literature available on successful long-term treatment and the clinical outcome 
of this condition. We retrospectively analyzed the clinical data of a rare case of Crohn’s 
disease induced by RTX administered as induction and prolonged maintenance therapy of 
a follicular lymphoma, diagnosed synchronously with a gastric signet ring cells carcinoma, 
treated at our hospital.
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Introduction

Crohn’s disease is an inflammatory bowel disease (IBD)  
inducing abdominal pain, severe diarrhea, fatigue, weight 
loss, and malnutrition. Signs and symptoms of Crohn’s dis-
ease range from mild to severe, with periods of disease remis-
sion. The most common areas affected by Crohn’s disease are 
the last part of the small intestine and the colon but any seg-
ment of the gastrointestinal tract may be affected. The patho-
genesis is complex, stemming from genetic susceptibility and 
mucosal immunity dysfunction as a result of B-cell depletion 
with a regulatory function to control inflammation [1]. 

Rituximab (RTX) is an IgG1, anti-CD20 chimeric monoclo-
nal antibody that induces a selective transient depletion of  
peripheral CD20-positive B cells [2]. RTX is part of the stand-
ard treatment of patients with B-cell non-Hodgkin’s lympho-
ma (NHL), including follicular lymphoma (FL). The mecha-
nisms of action are not fully clarified. A number of antitumor 
effects have been suggested, including antibody-dependent 

cellular cytotoxicity, complement-dependent cytotoxicity, the 
induction of apoptosis and sensitization of B cells to chemo-
therapy [3]. RTX is usually well-tolerated but that adverse 
events can occur, such as severe mucocutaneous reactions,  
infusional reactions, progressive multifocal leukoencepha-
lopathy, acute respiratory distress syndrome and cardiovas-
cular events. Recently, RTX has also been associated with 
adverse gastrointestinal effects, including diarrhea and bowel 
perforation, and recent reports have associated RTX with the 
development of de novo IBD [4,5].

Gastrointestinal toxicities are uncommon, indeed, only two 
reports of RTX-induced Crohn’s disease have been published 
in the literature [6,7].  FL is an indolent B-cell lymphopro-
liferative disorder of transformed follicular center B cells. It 
is the second most common subtype of NHL diagnosed in 
Western countries. The neoplastic cells consist of a mixture 
of centrocytes (small to medium-sized cells) and centroblasts 
(large cells). The clinical aggressiveness of the tumor increas-
es with increasing numbers of centroblasts [8]. Gastric signet 
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ring cells carcinoma (SRCC) is defined as an adenocarcino-
ma in which the majority of cells (> 50%) consists of isolated 
or small groups of malignant non-cohesive cells containing  
intracytoplasmic mucin. Surgical resection with lymphad-
enectomy is the treatment of choice for gastric signet ring cell 
(SRC). To date, there has been no evaluation of the sensitivity 
of gastric SRCC toward chemotherapeutic drugs [9]. Synchro-
nous FL and gastric SRC adenocarcinoma are extremely rare.  
Here, we present a case of prolonged RTX maintenance treat-
ment-induced Crohn’s disease in a patient with synchronous 
FL and gastric SRC adenocarcinoma. 

Case Report

A 48-year-old male was admitted to our hospital in July 
2009 due to upper abdominal pain, nausea, vomiting, and 
weight loss lasting 4 weeks. The patient had no personal or 
family medical history of a malignant neoplasm. Gastros-
copy revealed an antropyloric neoformation, 3 cm in diam-
eter, and biopsy of the gastric lesion was positive for gastric 
SRC carcinoma. Computed tomography scan confirmed the 
gastric tumor and showed a coexistent massive mesenteric 
abdominal mass, with enlarged para-aortic, aorto-caval, and 
coeliac axis lymph nodes. A subtotal gastrectomy with D2 
lympho-adenectomy and an excisional mesenteric node  
biopsy were performed. Histologic examination was consist-

ent with two synchronous malignancies: a poorly differenti-
ated intramucosal gastric SRC adenocarcinoma with embolic 
micrometastases in 2+/19 nodes of the stomach greater curva-
ture (pT1, N1, M0, stage IB), and a follicular NHL (FL), grade 3a 
(> 15 centroblasts/high-power field and centrocytes present 
in the sample). Immunohistochemical staining of B FL cells  
revealed the co-expression of CD20, BCL6, BCL2, and CD79a 
within the B neoplastic follicles and a Ki-67 index > 20%. 
Bone marrow biopsy showed sporadic interstitial aggregates 
of small lymphoid CD20 and CD3 positive elements. After 
surgery, the patient showed a good recovery and was dis-
charged on postoperative day 9. The surgical procedure was 
considered appropriate for early-stage I-B gastric cancer so 
no adjuvant chemotherapy was administered.  However, a 
systemic chemotherapeutic regimen was selected for the FL 
bulky disease. The patient received seven cycles of a chemo-
therapy regimen including, on day 1: cyclophosphamide 750 
mg/m2, doxorubicin 50 mg/m2, and vincristine 1.4 mg/m2,  
and on days 1-5: prednisone 100 mg (CHOP regimen).The 
treatment was well-tolerated and induced a complete res- 
ponse. Two years later, a positron emission tomography 
(PET) scan showed disease recurrence, with mesenteric 
lymph nodes enlargement and increased 18F-fluorodeoxy-
glucose uptake (maximum standardized uptake value, 7)  
(Fig. 1). The patient was treated with eight cycles of R-CNOP  
(day 1: RTX 375 mg/m2; day 2: cyclophosphamide 750 mg/
m2, mitoxantrone 10 mg/m2, vincristine 2 mg; days 2-6: pre- 

Fig. 1.  Positron emission tomography scan showing massive 18F-fluorodeoxyglucose uptake (maximum standardized uptake value, 7) and 
mesenteric lymph nodes enlargement.
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dnisone 100 mg). He achieved complete remission and in 
February 2013 he began maintenance therapy with RTX 
(MR), at a dose of 375 mg/m2 every 3 months. After eight 
MR cycles the patient suffered a 2-month period of watery 
diarrhea with a frequency of 3-4 times a day, of mushy stool 
that occasionally contained mucus, together with perium-
bilical and right abdominal pain. A surveillance PET scan, 
performed at that time, showed an increased activity in the 
terminal ilium (TI) and mesenteric lymphadenopathy. An 
ileo-colonoscopy revealed no significant abnormality in the 
colon mucosa, but macroscopic inflammatory changes in the 
TI including an erythematous mucosa and aphthous ero-
sions covered with fibrin. Biopsy demonstrated active non-
specific ileitis. Treatment with 5-aminosalicylates (5-ASA)  
induced a prompt relief of symptoms. He was treated with 
another six cycles of RTX for a presumed recurrence of the 
lymphoma. A follow-up computed tomography enterog-
raphy, performed 6 months later, showed resolution of the 
mesenteric adenopathy but the presence of a modest hyper-
enhanced bowel wall thickening in the terminal ileum. In 
September 2017, two months after the last cycle of RTX, the 
patient’s clinical conditions worsened. He developed bloody 
diarrhea, cramping abdominal pain, anemia and weight loss.  
Endoscopic evaluation showed a transmural involvement of 
the TI by an inflammatory process, with mucosal damage, 
deep ulceration, and edema. Histological examination revea-
led goblet cell depletion and active-chronic inflammation 
with crypt abscess formation (Fig. 2A); the lamina propria 
was occupied by granulation tissue with dilated, inflamed 
capillaries. Immunohistochemistry analysis showed a total 
depletion of the CD20 positive B cells in the ileal mucosa 
(Fig. 2B), an increased cellularity of CD3+ T lymphocytes in 
the tonaca propria and intraepithelial mucosa (Fig. 2C) and 
moderate excess of enlarged macrophages (CD68+), exclu-
sively in the lamina propria (Fig. 2D), suggesting exacerba-
tion of the Crohn’s disease. Pathological features were in 
keeping with active Crohn’s disease. 

RTX therapy was interrupted.  He was treated with bude-
sonide and 5-ASA, and responded well. After 10 weeks 
the patient was asymptomatic and an endoscopic control 
showed slight signs of inflammation of the TI. A follow-up 
PET scan was negative for activity in the TI. He has remained 

in remission for 30 months without any adverse events. At 
present he is taking 5-ASA as maintenance therapy and the 
clinical conditions have clearly improved.

Written informed consent was obtained from the patient 
prior to publication of this case report and all procedures 
performed were in accordance with the ethical standards of 
the institutional research committee (IRCCS Giovanni Paolo 
II, Bari, Italy). 

Discussion

Synchronous gastric SRC and abdominal FL is rare and 
there is no standard treatment strategy for patient manage-
ment. A number of factors such as age, performance status, 
pathological features and tumor staging must be taken into 
consideration during decision making, in terms of which 
cancer to treat first and what is the optimal therapy. In our 
case, the patient underwent a combination of treatments, 
including surgical excision and chemotherapy. Subtotal gas-
trectomy with D2 lymphadenectomy was considered appro-
priate for the early-stage I-B gastric SRC treatment, while a 
systemic chemotherapeutic regimen was selected based on 
the FL bulky disease. FL is the second most common form 
of NHL [10]. Management is characterized by a risk-adapted 
therapy based on the stage of the disease and the patient’s 
symptoms. For patients with a high tumor burden, the stand-
ard treatment option is immuno-chemotherapy. The addition 
of the anti-CD20 monoclonal antibody RTX to chemotherapy 
has yielded a higher rate of complete remission and impro-
ved survival. In addition, RTX as maintenance therapy after 
the induction regimen improves progression-free survival 
in high-tumor burden patients [11]. The use of B-cell deple-
tion therapy with RTX has shown some success in the treat-
ment of autoimmune diseases such as rheumatoid arthritis, 
by reducing the adaptive immune response against self. The 
elimination of B cells to treat autoimmunity also has a disad-
vantageous side, as it results in the depletion of regulatory B 
cells (B-regs) that suppress inflammation [12]. Some adverse 
events have been reported after RTX therapy, such as cuta-
neous reactions, cardiomyopathies, interstitial pneumonia, 
infections, and progressive multifocal leukoencephalopathy. 

Fig. 2.  (A) Active-chronic inflammation with ulceration, crypt abscess formation and goblet cell depletion (H&E staining, ×5), (B) After 
rituximab therapy, CD20 cells staining was negative. (C) Immunohistochemistry with an anti-CD3 antibody demonstrated numerous  
intraepithelial mucosal T cells after therapy. (D) High tonaca propria and intraepithelial infiltration of macrophages (CD68+) (B-D, ×10).
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Recently, Eckmann et al. [13] described patients with RTX- 
associated de novo colitis, raising the hypothesis that B cells 
may play a protective role of the intestinal mucosa. There are 
only a few reports in the literature of the induction or exacer-
bation of IBD by RTX. In a patient with refractory ulcerative 
colitis (UC), Goetz et al. [14] reported that RTX exacerbated 
the disease by locking interleukin 10 (IL-10) producing B cells, 
suggesting an important anti-inflammatory rather than proin-
flammatory role of B cells in UC. To our knowledge, only three 
case of RTX-induced Crohn’s disease have been previously 
reported in the literature (Table 1): two cases in elderly pati-
ents treated with 3-month MR over a 2-year period and one 
case of a 15-year-old boy with refractory nephrotic syndrome  
receiving 4 doses of RTX over a 2-year period. Compared 
with the cases reported previously, our patient was treated 
with a three-monthly MR for a longer period, fourteen doses 
in four and half years. At the time, the increased uptake at 
the mesenteric lymph nodes and at TI level, detected by the 
PET scan performed after eight MR cycles, suggested lym-
phoma recurrence and the incorrect assessment induced to 
continue treatment with RTX whereas, most likely, the find-
ing was correlated with a Crohn’s disease in initial phase, 
a rare and unexpecteted complicance. In particular this case 
demonstrates the importance of being alert to the possibil-
ity of Crohn’s disease in presence of abdominal pain, weight 
loss, and diarrhea during RTX treatment. In the present  
report, the histopathological and immunohistochemical ana- 
lysis suggests that exacerbation of Crohn’s disease may be 
related to the total depletion of CD20 positive B cells in the 
intestinal mucosa and high tonaca propria and intraepi-
thelial infiltration of the T cells (CD3+) and macrophages 
(CD68+). B and T cells have been involved in the pathogen-
esis of IBD. It has been suggested that B cells may not have 
a proinflammatory role in IBD; indeed, they may have a 
protective effect, reducing inflammation by producing the 
anti-inflammatory cytokine IL-10. Most studies performed 
in IBD experimental models suggest that B-regs suppress  
mucosal inflammation, either by secreting cytokines such 
as IL-10 or by interacting with T cells. Inhibition of B–T cell  
interaction caused by B-cell depletion may lead to T-regulato-
ry cell dysfunction, and the subsequent activation of Th1 and 
Th17 cells. As a consequence, Crohn’s disease could develop 
due to a dysregulated mucosal immune response [15]. This  
immune dysregulation of the gastrointestinal tract may  
potentially lead to Crohn’s disease as a secondary compli-
cation in susceptible RTX patients. Nevertheless, the fact  
remains that RTX is an effective treatment for B-cell lym-
phoma.  

In this case, we propose that Crohn’s disease was caused 
by an abnormal dysfunction of mucosal immunity that  
resulted in a disturbed intestinal balance secondary to the 
use of RTX. Therefore, inflammatory bowel disease should 
be considered if severe abdominal symptoms with weight Ta
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loss are observed following RTX administration.

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

Acknowledgments
This study has been supported by Ricerca corrente 2019. 

1.  Torres J, Mehandru S, Colombel JF, Peyrin-Biroulet L. Crohn’s 
disease. Lancet. 2017;389:1741-55.

2.  Edwards JC, Cambridge G. Sustained improvement in rheu-
matoid arthritis following a protocol designed to deplete B 
lymphocytes. Rheumatology (Oxford). 2001;40:205-11.

3.  Pierpont TM, Limper CB, Richards KL. Past, present, and  
future of rituximab: the world’s first oncology monoclonal  
antibody therapy. Front Oncol. 2018;8:163.

4.  Barreiro Alonso E, Alvarez Alvarez A, Tojo Gonzalez R, de 
la Coba Ortiz C. Rituximab-associated colitis. Gastroenterol 
Hepatol. 2019;42:251-2.

5.  Mallepally N, Abu-Sbeih H, Ahmed O, Chen E, Shafi MA, 
Neelapu SS, et al. Clinical features of rituximab-associated 
gastrointestinal toxicities. Am J Clin Oncol. 2019;42:539-45.

6.  Varma P, Falconer J, Aga A, Prince HM, Pianko S. Rituximab-
induced Crohn’s disease. Scand J Gastroenterol. 2017;52:606-8.

7.  Morita K, Shibano T, Maekawa K, Hattori M, Hida N, Naka-
mura S, et al. Crohn’s disease following rituximab treatment 
in a patient with refractory nephrotic syndrome. CEN Case 
Rep. 2019;8:55-60.

8.  Swerdlow SH, Campo E, Pileri SA, Harris NL, Stein H, Siebert 
R, et al. The 2016 revision of the World Health Organization 
classification of lymphoid neoplasms. Blood. 2016;127:2375-90.

9.  Machlowska J, Puculek M, Sitarz M, Terlecki P, Maciejewski R, 
Sitarz R. State of the art for gastric signet ring cell carcinoma: 
from classification, prognosis, and genomic characteristics to 
specified treatments. Cancer Manag Res. 2019;11:2151-61.

10.  Dada R. Diagnosis and management of follicular lymphoma: 
a comprehensive review. Eur J Haematol. 2019;103:152-63.

11.  Buske C, Hutchings M, Ladetto M, Goede V, Mey U, Soubey-
ran P, et al. ESMO Consensus Conference on malignant lym-
phoma: general perspectives and recommendations for the 
clinical management of the elderly patient with malignant 
lymphoma. Ann Oncol. 2018;29:544-62.

12.  Mauri C, Menon M. Human regulatory B cells in health and 
disease: therapeutic potential. J Clin Invest. 2017;127:772-9.

13.  Eckmann JD, Chedid V, Quinn KP, Bonthu N, Nehra V, Raffals 
LE. De novo colitis associated with rituximab in 21 patients 
at a tertiary center. Clin Gastroenterol Hepatol. 2020;18:252-3.

14.  Goetz M, Atreya R, Ghalibafian M, Galle PR, Neurath MF. 
Exacerbation of ulcerative colitis after rituximab salvage ther-
apy. Inflamm Bowel Dis. 2007;13:1365-8.

15.  Xu XR, Liu CQ, Feng BS, Liu ZJ. Dysregulation of mucosal 
immune response in pathogenesis of inflammatory bowel 
disease. World J Gastroenterol. 2014;20:3255-64.

References

VOLUME 52 NUMBER 4 OCTOBER 2020     1295





Tables of Contents 
(Vol. 52, No. 1~4, 2020)

Volume 52, Number 1, January 2020

Original Articles

The Effect of Disability on the Diagnosis and Treatment of Multiple Myeloma in Korea: A National Cohort Study 
Jihyun Kwon, So Young Kim, Kyoung Eun Yeob, Hye Sook Han, Ki Hyeong Lee, Dong Wook Shin, Yeon-Yong Kim, Jong Heon Park, Jong Hyock Park

Cathepsin C Interacts with TNF-α/p38 MAPK Signaling Pathway to Promote Proliferation and Metastasis in 
Hepatocellular Carcinoma 
Guo-Pei Zhang, Xiao Yue, Shao-Qiang Li

Comparison of the Efficacy of Two Microsphere Embolic Agents for Transcatheter Arterial Chemoembolization 
in Hepatocellular Carcinoma Patients 
Shao-Hua Lee, Chia-Ying Lin, Ya-Chun Hsu, Yi-Sheng Liu, Ming-Tsung Chuang, Ming-Ching Ou

Intensity-Modulated Radiotherapy versus Three-Dimensional Conformal Radiotherapy in Definitive Chemoradiotherapy for 
Cervical Esophageal Squamous Cell Carcinoma: Comparison of Survival Outcomes and Toxicities
Nai-Bin Chen, Bo Qiu, Jun Zhang, Meng-Yun Qiang, Yu-Jia Zhu, Bin Wang, Jin-Yu Guo, Ling-Zhi Cai, Shao-Min Huang, Meng-Zhong Liu, Qun Li, Yong-Hong Hu, 
Qi-Wen Li, Hui Liu

Clinical Targeted Next-Generation Sequencing Panels for Detection of Somatic Variants in Gliomas
Hyemi Shin, Jason K. Sa, Joon Seol Bae, Harim Koo, Seonwhee Jin, Hee Jin Cho, Seung Won Choi, Jong Min Kyoung, Ja Yeon Kim, Yun Jee Seo, Je-Gun Joung, 
Nayoung K. D. Kim, Dae-Soon Son, Jongsuk Chung, Taeseob Lee, Doo-Sik Kong, Jung Won Choi, Ho Jun Seol, Jung-Il Lee, Yeon-Lim Suh, Woong-Yang Park, Do-Hyun Nam

Magnetic Resonance-Based Texture Analysis Differentiating KRAS Mutation Status in Rectal Cancer  
Ji Eun Oh, Min Ju Kim, Joohyung Lee, Bo Yun Hur, Bun Kim, Dae Yong Kim, Ji Yeon Baek, Hee Jin Chang, Sung Chan Park, Jae Hwan Oh, Sun Ah Cho, Dae Kyung Sohn

Disparities in the Participation Rate of Colorectal Cancer Screening by Fecal Occult Blood Test among People with 
Disabilities: A National Database Study in South Korea 
Dong Wook Shin, Dongkyung Chang, Jin Hyung Jung, Kyungdo Han, So Young Kim, Kui Son Choi, Won Chul Lee, Jong Heon Park, Jong Hyock Park

Fibroblast Growth Factor Receptor 1 (FGFR1) Amplification Detected by Droplet Digital Polymerase Chain Reaction
(ddPCR) Is a Prognostic Factor in Colorectal Cancers 
Jeong Mo Bae, Xianyu Wen, Tae-Shin Kim, Yoonjin Kwak, Nam-Yun Cho, Hye Seung Lee, Gyeong Hoon Kang

SUVmax Predicts Disease Progression after Stereotactic Ablative Radiotherapy in Stage I Non-small Cell Lung Cancer 
Yoo-Kang Kwak, Hee Hyun Park, Kyu Hye Choi, Eun Young Park, Soo Yoon Sung, Sea-Won Lee, Ji Hyun Hong, Hyo Chun Lee, Ie Ryung Yoo, Yeon Sil Kim

High-Throughput Multiplex Immunohistochemical Imaging of the Tumor and Its Microenvironment
Jiwon Koh, Yoonjin Kwak, Jin Kim, Woo Ho Kim

Secondary Squamous Cell Carcinoma of the Oral Cavity after Nasopharyngeal Carcinoma 
Liyuan Dai, Qigen Fang, Peng Li, Junfu Wu, Xu Zhang

Pediatric Adenocarcinoma in Korea: A Multicenter Study
Hee-Beom Yang, Jung-Man Namgoong, Ki Hoon Kim, Dae Yeon Kim, Jinyoung Park, Hyun Beak Shin, Joong Kee Youn, Sanghoon Lee, Ji Won Lee, Sung Eun Jung, 
Jae Hee Chung, Yun-Mee Choe, Tae Gil Heo, In Geol Ho, Hyun-Young Kim

Identification of Significant Prognostic Tissue Markers Associated with Survival in Upper Urinary Tract Urothelial 
Carcinoma Patients Treated with Radical Nephroureterectomy: A Retrospective Immunohistochemical Analysis 
Using Tissue Microarray
Sung Han Kim, Weon Seo Park, Boram Park, Jinsoo Chung, Jae Young Joung, Kang Hyun Lee, Ho Kyung Seo

1

10

24

31

41

51

60

74

85

98

109

117

128

VOLUME 52 NUMBER 4 OCTOBER 2020     1297



Prevalence and Predictors of Sustained Smoking after a Cancer Diagnosis in Korean Men 
Hye Yeon Koo, Kiheon Lee, Sang Min Park, Jooyoung Chang, Kyuwoong Kim, Seulggie Choi, Mi Hee Cho, Jihye Jun, Sung Min Kim

Therapeutic Co-targeting of WEE1 and ATM Downregulates PD-L1 Expression in Pancreatic Cancer
Mei Hua Jin, Ah-Rong Nam, Ji Eun Park, Ju-Hee Bang, Yung-Jue Bang, Do-Youn Oh

Clinical Outcomes of Postoperative Radiotherapy Following Radical Prostatectomy in Patients with Localized Prostate 
Cancer: A Multicenter Retrospective Study (KROG 18-01) of a Korean Population 
Sung Uk Lee, Kwan Ho Cho, Won Park, Won Kyung Cho, Jae-Sung Kim, Chan Woo Wee, Young Seok Kim, Jin Ho Kim, Taek-Keun Nam, Jaeho Cho, Song Mi Jeong, 
Youngkyong Kim, Su Jung Shim, Youngmin Choi, Jun-Sang Kim

Factors Influencing Imatinib-Induced Hepatotoxicity
Ji Min Han, Jeong Yee, Yoon Sook Cho, Hye Sun Gwak

Diabetes Mellitus Is Associated with Inferior Prognosis in Patients with Chronic Lymphocytic Leukemia: 
A Propensity Score-Matched Analysis 
Rui Gao, Tian-Shuo Man, Jin-Hua Liang, Li Wang, Hua-Yuan Zhu, Wei Wu, Lei Fan, Jian-Yong Li, Tao Yang, Wei Xu

Inequalities in Awareness and Attitude towards HPV and Its Vaccine between Local and Migrant Residents Who 
Participated in Cervical Cancer Screening in Shenzhen, China 
Wei Lin, Yueyun Wang, Zhihua Liu, Bin Chen, Shixin Yuan, Bo Wu, Lin Gong

Anterior Gradient 3 Promotes Breast Cancer Development and Chemotherapy Response 
Qiao Xu, Ying Shao, Jinman Zhang, Huikun Zhang, Yawen Zhao, Xiaoli Liu, Zhifang Guo, Wei Chong, Feng Gu, Yongjie Ma

Immunogenicity and Optimal Timing of 13-Valent Pneumococcal Conjugate Vaccination during Adjuvant 
Chemotherapy in Gastric and Colorectal Cancer: A Randomized Controlled Trial 
Wonyoung Choi, Jong Gwang Kim, Seung-Hoon Beom, Jun-Eul Hwang, Hyun-Jung Shim, Sang-Hee Cho, Min-Ho Shin, Sin-Ho Jung, Ik-Joo Chung, Joon Young Song, 
Woo Kyun Bae

Clinical Outcomes of Second-Line Chemotherapy after Progression on Nab-Paclitaxel Plus Gemcitabine in Patients 
with Metastatic Pancreatic Adenocarcinoma
Kyoungmin Lee, Kyunghye Bang, Changhoon Yoo, Inhwan Hwang, Jae Ho Jeong, Heung-Moon Chang, Dongwook Oh, Tae Jun Song, Do Hyun Park, Sang Soo Lee, 
Sung Koo Lee, Myung-Hwan Kim, Jin-hong Park, Kyu-pyo Kim, Baek-Yeol Ryoo

Pancreatic High-Grade Neuroendocrine Neoplasms in the Korean Population: A Multicenter Study 
Haeryoung Kim, Soyeon An, Kyoungbun Lee, Sangjeong Ahn, Do Youn Park, Jo-Heon Kim, Dong-Wook Kang, Min-Ju Kim, Mee Soo Chang, Eun Sun Jung, Joon Mee Kim, 
Yoon Jung Choi, So-Young Jin, Hee Kyung Chang, Mee-Yon Cho, Yun Kyung Kang, Myunghee Kang, Soomin Ahn, Youn Wha Kim, Seung-Mo Hong, 
On behalf of the Gastrointestinal Pathology Study Group of the Korean Society of Pathologists

Clinical Characteristics of Clear Cell Ovarian Cancer: A Retrospective Multicenter Experience of 308 Patients in South Korea
Hee Yeon Lee, Ji Hyung Hong, Jae Ho Byun, Hee-Jun Kim, Sun Kyung Baek, Jin Young Kim, Ki Hyang Kim, Jina Yun, Jung A Kim, Kwonoh Park, Hyo Jin Lee, Jung Lim Lee, 
Young-Woong Won, Il Hwan Kim, Woo Kyun Bae, Kyong Hwa Park, Der-Sheng Sun, Suee Lee, Min-Young Lee, Guk Jin Lee, Sook Hee Hong, Yun Hwa Jung, Ho Jung An

Osimertinib in Patients with T790M-Positive Advanced Non-small Cell Lung Cancer: Korean Subgroup Analysis 
from Phase II Studies
Myung-Ju Ahn, Ji-Youn Han, Dong-Wan Kim, Byoung Chul Cho, Jin-Hyoung Kang, Sang-We Kim, James Chih-Hsin Yang, Tetsuya Mitsudomi, Jong Seok Lee

Clinical Characteristics and Outcomes of Non-small Cell Lung Cancer Patients with HER2 Alterations in Korea 
Kangkook Lee, Hyun Ae Jung, Jong-Mu Sun, Se-Hoon Lee, Jin Seok Ahn, Keunchil Park, Myung-Ju Ahn

Time Trends for Prostate Cancer Incidence from 2003 to 2013 in South Korea: An Age-Period-Cohort Analysis 
Hyun Young Lee, Do Kyoung Kim, Seung Whan Doo, Won Jae Yang, Yun Seob Song, Bora Lee, Jae Heon Kim

Characterization of Oncolytic Vaccinia Virus Harboring the Human IFNB1 and CES2 Transgenes 
Euna Cho, S M Bakhtiar Ul Islam, Fen Jiang, Ju-Eun Park, Bora Lee, Nam Deuk Kim, Tae-Ho Hwang

Prognostic Model for Survival and Recurrence in Patients with Early-Stage Cervical Cancer: 
A Korean Gynecologic Oncology Group Study (KGOG 1028)
E Sun Paik, Myong Cheol Lim, Moon-Hong Kim, Yun Hwan Kim, Eun Seop Song, Seok Ju Seong, Dong Hoon Suh, Jong-Min Lee, Chulmin Lee, Chel Hun Choi

139

149

167

181

189

207

218

246

254

263

277

284

292

301

309

320

1298     CANCER  RESEARCH  AND  TREATMENT

Volume 52, No. 1~4, 2020



Tables of Contents (Vol. 52)

VOLUME 52 NUMBER 4 OCTOBER 2020     1299

Retraction

RETRACTION: Dietary Intake of Omega-3 Fatty Acids and Endocrine-Related Gynecological Cancer: 
A Meta-Analysis of Observational Studies
Editors of Cancer Research and Treatment

334

Volume 52, Number 2, April 2020

Special Articles

Original Articles

Cancer Statistics in Korea: Incidence, Mortality, Survival, and Prevalence in 2017
Seri Hong, Young-Joo Won, Young Ran Park, Kyu-Won Jung, Hyun-Joo Kong, Eun Sook Lee, The Community of Population-based Regional Cancer Registries

Prediction of Cancer Incidence and Mortality in Korea, 2020
Kyu-Won Jung, Young-Joo Won, Seri Hong, Hyun-Joo Kong, Eun Sook Lee

Clinical Characteristics and Treatment Outcomes of Pediatric Patients with Non-Hodgkin Lymphoma in East Asia
Jin Kyung Suh, Yi-Jin Gao, Jing-Yan Tang, Shiann-Tarng Jou, Dong-Tsamn Lin, Yoshiyuki Takahashi, Seiji Kojima, Ling Jin, Yonghong Zhang, Jong Jin Seo

Body Mass Index and Risk of Gastric Cancer in Asian Adults: A Meta-Epidemiological Meta-Analysis of 
Population-Based Cohort Studies
Jong-Myon Bae

Efficacy of Brentuximab Vedotin in Relapsed or Refractory High-CD30–Expressing Non-Hodgkin Lymphomas: 
Results of a Multicenter, Open-Labeled Phase II Trial
Seok Jin Kim, Dok Hyun Yoon, Jin Seok Kim, Hye Jin Kang, Hye Won Lee, Hyeon-Seok Eom, Jung Yong Hong, Junhun Cho, Young Hyeh Ko, Jooryung Huh, Woo-Ick Yang, 
Weon Seo Park, Seung-Sook Lee, Cheolwon Suh, Won Seog Kim

Displacement of Surgical Clips in Patients with Human Acellular Dermal Matrix in the Excision Cavity during 
Whole Breast Irradiation Following Breast Conserving Surgery
Wonguen Jung, Kyubo Kim, Nam Sun Paik

Type-Specific Viral Load and Physical State of HPV Type 16, 18, and 58 as Diagnostic Biomarkers for High-Grade 
Squamous Intraepithelial Lesions or Cervical Cancer
Jongseung Kim, Bu Kyung Kim, Dongsoo Jeon, Chae Hyeong Lee, Ju-Won Roh, Joo-Young Kim, Sang-Yoon Park

Apatinib Combined with Local Irradiation Leads to Systemic Tumor Control via Reversal of Immunosuppressive Tumor 
Microenvironment in Lung Cancer
Li-jun Liang, Chen-xi Hu, Yi-xuan Wen, Xiao-wei Geng, Ting Chen, Guo-qing Gu, Lei Wang, You-you Xia, Yong Liu, Jia-yan Fei, Jie Dong, Feng-hua Zhao, Yiliyar Ahongjiang, 
Kai-yuan Hui, Xiao-dong Jiang

Changes of End of Life Practices for Cancer Patients and Their Association with Hospice Palliative Care Referral 
over 2009-2014: A Single Institution Study
Hyun Jung Jho, Eun Jung Nam, Il Won Shin, Sun Young Kim

Outcomes of Pregnancy after Breast Cancer in Korean Women: A Large Cohort Study
Moo Hyun Lee, Young Ae Kim, Jin Hyuk Hong, So-Youn Jung, Sunmi Lee, Sun-Young Kong, Boyoung Park, Eun Sook Lee

Loss of Heterozygosity at Chromosome 16q Is a Negative Prognostic Factor in Korean Pediatric Patients with 
Favorable Histology Wilms Tumor: A Report of the Korean Pediatric Hematology Oncology Group (K-PHOG)
Jun Eun Park, O Kyu Noh, Yonghee Lee, Hyoung Soo Choi, Jung Woo Han, Seung Min Hahn, Chuhl Joo Lyu, Ji Won Lee, Keon Hee Yoo, Hong Hoe Koo, Seon-Yong Jeong, 
Ki Woong Sung

335

351

359

369

374

388

396

406

419

426

438



1300     CANCER  RESEARCH  AND  TREATMENT

Carcinoembryonic Antigen Improves the Performance of Magnetic Resonance Imaging in the Prediction of 
Pathologic Response after Neoadjuvant Chemoradiation for Patients with Rectal Cancer
Gyu Sang Yoo, Hee Chul Park, Jeong Il Yu, Doo Ho Choi, Won Kyung Cho, Young Suk Park, Joon Oh Park, Ho Yeong Lim, Won Ki Kang, Woo Yong Lee, Hee Cheol Kim, 
Seong Hyeon Yun, Yong Beom Cho, Yoon Ah Park, Kyoung Doo Song, Seok-Hyung Kim, Sang Yun Ha

Validation of the 8th Edition of the American Joint Committee on Cancer Staging System for Gallbladder Cancer and 
Implications for the Follow-up of Patients without Node Dissection
You-Na Sung, Minjeong Song, Jae Hoon Lee, Ki Byung Song, Dae Wook Hwang, Chul-Soo Ahn, Shin Hwang, Seung-Mo Hong

An Integrated Nomogram Combining Clinical Factors and Microtubule-Associated Protein 1 Light Chain 3B Expression 
to Predict Postoperative Prognosis in Patients with Intrahepatic Cholangiocarcinoma 
Liang Chen, Hongyuan Fu, Tongyu Lu, Jianye Cai, Wei Liu, Jia Yao, Jinliang Liang, Hui Zhao, Jiebin Zhang, Jun Zheng, Yingcai Zhang, Yang Yang

Prevalence and Clinicopathological Significance of MET Overexpression and Gene Amplification in Patients with 
Gallbladder Carcinoma
Yeseul Kim, Seong Sik Bang, Seungyun Jee, Sungeon Park, Su-Jin Shin, Kiseok Jang

EBV-miR-BHRF1-1 Targets p53 Gene: Potential Role in Epstein-Barr Virus Associated Chronic Lymphocytic Leukemia
Dan-Min Xu, Yi-Lin Kong, Li Wang, Hua-Yuan Zhu, Jia-Zhu Wu, Yi Xia, Yue Li, Shu-Chao Qin, Lei Fan, Jian-Yong Li, Jin-Hua Liang, Wei Xu

Concurrent and Adjuvant Temozolomide for Newly Diagnosed Grade III Gliomas without 1p/19q Co-deletion: 
A Randomized, Open-Label, Phase 2 Study (KNOG-1101 Study)
Kihwan Hwang, Tae Min Kim, Chul-Kee Park, Jong Hee Chang, Tae-Young Jung, Jin Hee Kim, Do-Hyun Nam, Se-Hyuk Kim, Heon Yoo, Yong-Kil Hong, Eun-Young Kim, 
Dong-Eun Lee, Jungnam Joo, Yu Jung Kim, Gheeyoung Choe, Byung Se Choi, Seok-Gu Kang, Jeong Hoon Kim, Chae-Yong Kim

Pretreatment Lymph Node Metastasis as a Prognostic Significance in Cervical Cancer: Comparison between 
Disease Status
Soo Young Jeong, Hyea Park, Myeong Seon Kim, Jun Hyeok Kang, E Sun Paik, Yoo-Young Lee, Tae Joong Kim, Jeong Won Lee, Byoung-Gie Kim, Duk Soo Bae, Chel Hun Choi

Interim Tumor Progression and Volumetric Changes of Surgical Cavities during the Surgery-to-Radiotherapy Interval 
in Anaplastic Gliomas: Implications for Additional Pre-radiotherapy Magnetic Resonance Imaging
Chan Woo Wee, Il Han Kim, Chul-Kee Park, Jin Wook Kim

A Radiosensitivity Gene Signature and PD-L1 Status Predict Clinical Outcome of Patients with Glioblastoma Multiforme 
in The Cancer Genome Atlas Dataset
Bum-Sup Jang, In Ah Kim

Detection of Targetable Genetic Alterations in Korean Lung Cancer Patients: A Comparison Study of Single-Gene Assays 
and Targeted Next-Generation Sequencing
Eunhyang Park, Hyo Sup Shim

Impact of Prior Cancer History on the Clinical Outcomes in Advanced Breast Cancer: A Propensity Score–Adjusted, 
Population-Based Study
Caijin Lin, Jiayi Wu, Shuning Ding, Chihwan Goh, Lisa Andriani, Kunwei Shen, Li Zhu

Association of Body Composition with Long-Term Survival in Non-metastatic Rectal Cancer Patients
Jin Soo Han, Hyoseon Ryu, In Ja Park, Kyung Won Kim, Yongbin Shin, Sun Ok Kim, Seok-Byung Lim, Chan Wook Kim, Yong Sik Yoon, Jong Lyul Lee, Chang Sik Yu, 
Jin Cheon Kim

A Modified NHL-BFM-95 Regimen Produces Better Outcome Than HyperCVAD in Adult Patients with 
T-Lymphoblastic Lymphoma, a Two-Institution Experience 
Chun Li, Zhi-Jun Wuxiao, Xiaoqin Chen, Guanjun Chen, Yue Lu, Zhongjun Xia, Yang Liang, Hua Wang

Risk Factors for Cognitive Impairment in High-Grade Glioma Patients Treated with Postoperative Radiochemotherapy
Qiang Wang, Fengxia Xiao, Fei Qi, Xiaopeng Song, Yonghua Yu

Efficacy and Safety of Pembrolizumab in Patients with Refractory Advanced Biliary Tract Cancer: 
Tumor Proportion Score as a Potential Biomarker for Response
Junho Kang, Jae Ho Jeong, Hee-Sang Hwang, Sang Soo Lee, Do Hyun Park, Dong Wook Oh, Tae Jun Song, Ki-Hun Kim, Shin Hwang, Dae Wook Hwang, Song Cheol Kim, 
Jin-hong Park, Seung-Mo Hong, Kyu-pyo Kim, Baek-Yeol Ryoo, Changhoon Yoo

446

455

469

481

492

505

516

524

530

543

552

563

573

586

594

Volume 52, No. 1~4, 2020



Tables of Contents (Vol. 52)

VOLUME 52 NUMBER 4 OCTOBER 2020     1301

Activation of Tyrosine Metabolism in CD13+ Cancer Stem Cells Drives Relapse in Hepatocellular Carcinoma
Li Sun, Lin Zhang, Jun Chen, Chaoqun Li, Hongqin Sun, Jiangrong Wang, Hong Xiao

CXCL-13 Regulates Resistance to 5-Fluorouracil in Colorectal Cancer
Guolin Zhang, Xin Luo, Wei Zhang, Engeng Chen, Jianbin Xu, Fei Wang, Gaoyang Cao, Zhenyu Ju, Dongai Jin, Xuefeng Huang, Wei Zhou, Zhangfa Song

Clinical Impact of Somatic Variants in Homologous Recombination Repair-Related Genes in Ovarian High-Grade 
Serous Carcinoma
Min Chul Choi, Sohyun Hwang, Sewha Kim, Sang Geun Jung, Hyun Park, Won Duk Joo, Seung Hun Song, Chan Lee, Tae-Heon Kim, Haeyoun Kang, Hee Jung An

Impact of Angiotensin Receptor Blockers, Beta Blockers, Calcium Channel Blockers and Thiazide Diuretics on 
Survival of Ovarian Cancer Patients
Min Ae Cho, Soo Young Jeong, Insuk Sohn, Myeong-Seon Kim, Jun Hyeok Kang, E Sun Paik, Yoo-Young Lee, Chel Hun Choi

604

622

634

645

Volume 52, Number 3, July 2020

Special Article

Choosing Wisely: The Korean Perspective and Launch of the ‘Right Decision in Cancer Care’ Initiative 
Joo-Young Kim, Kyoung Eun Lee, Kyubo Kim, Myung Ah Lee, Won Sup Yoon, Dong Seok Han, Sung Gwe Ahn, Jung-Hun Kang

PD-L1 Testing in Gastric Cancer by the Combined Positive Score of the 22C3 PharmDx and SP263 Assay with 
Clinically Relevant Cut-offs
Yujun Park, Jiwon Koh, Hee Young Na, Yoonjin Kwak, Keun-Wook Lee, Sang-Hoon Ahn, Do Joong Park, Hyung-Ho Kim, Hye Seung Lee

Comparison of the Distribution Pattern of 21-Gene Recurrence Score between Mucinous Breast Cancer and 
Infiltrating Ductal Carcinoma in Chinese Population: A Retrospective Single-Center Study  
Jiayi Wu, Shuning Ding, Lin Lin, Xiaochun Fei, Caijin Lin, Lisa Andriani, Chihwan Goh, Jiahui Huang, Jin Hong, Weiqi Gao, Siji Zhu, Hui Wang, Ou Huang, Xiaosong Chen, 
Jianrong He, Yafen Li, Kunwei Shen, Weiguo Chen, Li Zhu

Clinicopathological Features of Patients with the BRCA1 c.5339T>C (p.Leu1780Pro) Variant
Hyung Seok Park, Jai Min Ryu, Ji Soo Park, Seock-Ah Im, So-Youn Jung, Eun-Kyu Kim, Woo-Chan Park, Jun Won Min, Jeeyeon Lee, Ji Young You, Jeong Eon Lee, Sung-Won Kim

PIK3CA H1047R Mutation Associated with a Lower Pathological Complete Response Rate in Triple-Negative 
Breast Cancer Patients Treated with Anthracycline-Taxane–Based Neoadjuvant Chemotherapy
Sanxing Guo, Sibylle Loibl, Gunter von Minckwitz, Silvia Darb-Esfahani, Bianca Lederer, Carsten Denkert

Detection of Germline Mutations in Breast Cancer Patients with Clinical Features of Hereditary Cancer Syndrome 
Using a Multi-Gene Panel Test
Hee-Chul Shin, Han-Byoel Lee, Tae-Kyung Yoo, Eun-Shin Lee, Ryong Nam Kim, Boyoung Park, Kyong-Ah Yoon, Charny Park, Eun Sook Lee, Hyeong-Gon Moon, 
Dong-Young Noh, Sun-Young Kong, Wonshik Han

Diagnostic Accuracy and Value of Magnetic Resonance Imaging–Ultrasound Fusion Transperineal Targeted and 
Template Systematic Prostate Biopsy Based on Bi-parametric Magnetic Resonance Imaging
Tae Il Noh, Jong Hyun Tae, Hyung Keun Kim, Ji Sung Shim, Sung Gu Kang, Deuk Jae Sung, Jun Cheon, Jeong Gu Lee, Seok Ho Kang

Public Attitudes towards Cancer Survivors among Korean Adults
Su Yeon Kye, Hyun Jeong Lee, Yeonseung Lee, Young Ae Kim

Clinical Outcomes of Immune Checkpoint Blocker Therapy for Malignant Melanoma in Korean Patients: 
Potential Clinical Implications for a Combination Strategy Involving Radiotherapy
Jeongshim Lee, Jee Suk Chang, Mi Ryung Roh, Minkyu Jung, Choong-Kun Lee, Byung Ho Oh, Kee Yang Chung, Woong Sub Koom, Sang Joon Shin

655

661

671

680

689

697

714

722

730

Original Articles



Comparing the Characteristics and Outcomes of Male and Female Breast Cancer Patients in Korea: 
Korea Central Cancer Registry 
Eun-Gyeong Lee, So-Youn Jung, Myong Cheol Lim, Jiwon Lim, Han-Sung Kang, Seeyoun Lee, Jai Hong Han, Heein Jo, Young-Joo Won, Eun Sook Lee

T Cells Modified with CD70 as an Alternative Cellular Vaccine for Antitumor Immunity
Sang-Eun Lee, A-Ri Shin, Hyun-Jung Sohn, Hyun-Il Cho, Tai-Gyu Kim

Clinical Implication of Concordant or Discordant Genomic Profiling between Primary and Matched Metastatic Tissues
in Patients with Colorectal Cancer
Jung Yoon Choi, Sunho Choi, Minhyeok Lee, Young Soo Park, Jae Sook Sung, Won Jin Chang, Ju Won Kim, Yoon Ji Choi, Jin Kim, Dong-Sik Kim, Sung-Ho Lee, Junhee Seok, 
Kyong Hwa Park, Seon Hahn Kim, Yeul Hong Kim

Clinical Implications of Circulating Tumor DNA from Ascites and Serial Plasma in Ovarian Cancer
Mi-Ryung Han, Sug Hyung Lee, Jung Yoon Park, Hyosun Hong, Jung Yoon Ho, Soo Young Hur, Youn Jin Choi

Soluble Axl Is a Novel Diagnostic Biomarker of Hepatocellular Carcinoma in Chinese Patients with 
Chronic Hepatitis B Virus Infection
Xiaoting Song, Ailu Wu, Zhixiao Ding, Shixiong Liang, Chunyan Zhang

Long Non-coding RNA CCAT1 Sponges miR-454 to Promote Chemoresistance of Ovarian Cancer Cells to Cisplatin 
by Regulation of Surviving
De-Ying Wang, Na Li, Yu-Lan Cui

G Protein–Coupled Receptor 30 Mediates the Anticancer Effects Induced by Eicosapentaenoic Acid in Ovarian Cancer Cells
Yue Zhao, Meng-Fei Zhao, Mei-Lin Yang, Tian-Yu Wu, Cong-Jian Xu, Jing-Mei Wang, Chao-Jun Li, Xi Li

Activation of β2-Adrenergic Receptor Promotes Growth and Angiogenesis in Breast Cancer by 
Down-regulating PPARγ
Jing Zhou, Zhanzhao Liu, Lingjing Zhang, Xiao Hu, Zhihua Wang, Hong Ni, Yue Wang, Junfang Qin

Omega-3 and -6 Fatty Acid Intake and Colorectal Cancer Risk in Swedish Women’s Lifestyle and Health Cohort
Aesun Shin, Sooyoung Cho, Sven Sandin, Marie Lof, Moon Young Oh, Elisabete Weiderpass

Establishment and Validation of a Nomogram for Nasopharyngeal Carcinoma Patients Concerning the 
Prognostic Effect of Parotid Lymph Node Metastases
Chao Lin, Xue-Song Sun, Sai-Lan Liu, Xiao-Yun Li, Nian Lu, Xin-Ling Li, Lin-Quan Tang, Ling Guo

Caspase Recruitment Domain Containing Protein 9 Suppresses Non-small Cell Lung Cancer Proliferation and 
Invasion via Inhibiting MAPK/p38 Pathway
Linyue Pan, Yuting Tan, Bin Wang, Wenjia Qiu, Yulei Yin, Haiyan Ge, Huili Zhu

Prognostic Predictability of American Joint Committee on Cancer 8th Staging System for Perihilar Cholangiocarcinoma: 
Limited Improvement Compared with the 7th Staging System
Jong Woo Lee, Jae Hoon Lee, Yejong Park, Woohyung Lee, Jaewoo Kwon, Ki Byung Song, Dae Wook Hwang, Song Cheol Kim

Socioeconomic Burden of Cancer in Korea from 2011 to 2015
Young Ae Kim, Ye-Rin Lee, Jeongjoo Park, In-Hwan Oh, Hoseob Kim, Seok-Jun Yoon, Keeho Park

Ramosetron versus Palonosetron in Combination with Aprepitant and Dexamethasone for the Control of 
Highly-Emetogenic Chemotherapy-Induced Nausea and Vomiting
Jin Hyoung Kang, Jung Hye Kwon, Yun-Gyoo Lee, Keon Uk Park, Ho Jung An, Joohyuk Sohn, Young Mi Seol, Hyunwoo Lee, Hwan-Jung Yun, Jin Seok Ahn, Ji Hyun Yang, 
Hunho Song, Dong-Hoe Koo, Jin Young Kim, Gun Min Kim, Hwa Jung Kim

Implication of the Life-Sustaining Treatment Decisions Act on End-of-Life Care for Korean Terminal Patients
Jung Sun Kim, Shin Hye Yoo, Wonho Choi, Yejin Kim, Jinui Hong, Min Sun Kim, Hye Yoon Park, Bhumsuk Keam, Dae Seog Heo

Prognostic Value of TP53 Mutation for Transcatheter Arterial Chemoembolization Failure/Refractoriness in 
HBV-Related Advanced Hepatocellular Carcinoma
Miao Xue, Yanqin Wu, Wenzhe Fan, Jian Guo, Jialiang Wei, Hongyu Wang, Jizhou Tan, Yu Wang, Wang Yao, Yue Zhao, Jiaping Li

739

747

764

779

789

798

815

830

848

855

867

886

896

907

917

925

Volume 52, No. 1~4, 2020

1302     CANCER  RESEARCH  AND  TREATMENT



VOLUME 52 NUMBER 4 OCTOBER 2020     1303

Tables of Contents (Vol. 52)

Laparoscopic Surgery for Colorectal Cancer in Korea: Nationwide Data from 2013 to 2018
Sun Jin Park, Kil Yeon Lee, Suk-Hwan Lee

Inhibition of ATR Increases the Sensitivity to WEE1 Inhibitor in Biliary Tract Cancer
Ah-Rong Nam, Mei-Hua Jin, Ju-Hee Bang, Kyoung-Seok Oh, Hye-Rim Seo, Do-Youn Oh, Yung-Jue Bang

Computed Tomography–Determined Sarcopenia Is a Useful Imaging Biomarker for Predicting Postoperative Outcomes 
in Elderly Colorectal Cancer Patients 
Hailun Xie, Yizhen Gong, Jiaan Kuang, Ling Yan, Guotian Ruan, Shuangyi Tang, Feng Gao, Jialiang Gan

RON and MET Co-overexpression Are Significant Pathological Characteristics of Poor Survival and 
Therapeutic Targets of Tyrosine Kinase Inhibitors in Triple-Negative Breast Cancer
Tian-Hao Weng, Min-Ya Yao, Xiang-Ming Xu, Chen-Yu Hu, Shu-Hao Yao, Yi-Zhi Liu, Zhi-Gang Wu, Tao-Ming Tang, Pei-Fen Fu, Ming-Hai Wang, Hang-Ping Yao

Philadelphia+ Chronic Myeloid Leukemia with CALR Mutation: A Case Report and Literature Review
Seug Yun Yoon, Sun Young Jeong, Changgon Kim, Min-Young Lee, Jieun Kim, Kyoung-Ha Kim, Namsu Lee, Jong-Ho Won

938

945

957

973

987

Case Report

Volume 52, Number 4, October 2020

Original Articles

General
The Fear of Cancer from the Standpoint of Oneself, the Opposite Sex and the Fear of Side Effects of Cancer Treatment
Keeho Park, Youngae Kim, Hyung Kook Yang, Hye Sook Min

Perspectives on Professional Burnout and Occupational Stress among Medical Oncologists: A Cross-sectional Survey by 
Korean Society for Medical Oncology (KSMO)
Yun-Gyoo Lee, Chi Hoon Maeng, Do Yeun Kim, Bong-Seog Kim

Head/neck cancer
Nomogram for Predicting Central Lymph Node Metastasis in Papillary Thyroid Cancer: A Retrospective Cohort Study of 
Two Clinical Centers
Zheyu Yang, Yu Heng, Jianwei Lin, Chenghao Lu, Dingye Yu, Lei Tao, Wei Cai

Protective Effects of N-Acetylcysteine against Radiation-Induced Oral Mucositis In Vitro and In Vivo
Haeng Jun Kim, Sung Un Kang, Yun Sang Lee, Jeon Yeob Jang, Hami Kang, Chul-Ho Kim

Intensity-Modulated Radiotherapy-Based Reirradiation for Head and Neck Cancer: A Multi-institutional Study by 
Korean Radiation Oncology Group (KROG 1707)
Jeongshim Lee, Tae Hyung Kim, Yeon-Sil Kim, Myungsoo Kim, Jae Won Park, Sung Hyun Kim, Hyun Ju Kim, Chang Geol Lee

Central nervous system
Survival, Prognostic Factors, and Volumetric Analysis of Extent of Resection for Anaplastic Gliomas
Je Beom Hong, Tae Hoon Roh, Seok-Gu Kang, Se Hoon Kim, Ju Hyung Moon, Eui Hyun Kim, Sung Soo Ahn, Hye Jin Choi, Jaeho Cho, Chang-Ok Suh, Jong Hee Chang

Comparison between Craniospinal Irradiation and Limited-Field Radiation in Patients with 
Non-metastatic Bifocal Germinoma
Bo Li, Wenyi Lv, Chunde Li, Jiongxian Yang, Jiajia Chen, Jin Feng, Li Chen, Zhenyu Ma, Youqi Li, Jiayi Wang, Yanwei Liu, Yanong Li, Shuai Liu, Shiqi Luo, Xiaoguang Qiu

Breast cancer
Real-World Data of Pyrotinib-Based Therapy in Metastatic HER2-Positive Breast Cancer: 
Promising Efficacy in Lapatinib-Treated Patients and in Brain Metastasis
Ying Lin, Mingxi Lin, Jian Zhang, Biyun Wang, Zhonghua Tao, Yiqun Du, Sheng Zhang, Jun Cao, Leiping Wang, Xichun Hu

993

1002

1010

1019

1031

1041

1050

1059



Elevated Expression of RIOK1 Is Correlated with Breast Cancer Hormone Receptor Status and 
Promotes Cancer Progression
Zhiqi Huang, Xingyu Li, Tian Xie, Changjiang Gu, Kan Ni, Qingqing Yin, Xiaolei Cao, Chunhui Zhang

β1,4-Galactosyltransferase V Modulates Breast Cancer Stem Cells through Wnt/β-catenin Signaling Pathway
Wei Tang, Meng Li, Xin Qi, Jing Li

Challenge for Diagnostic Assessment of Deep Learning Algorithm for Metastases Classification in Sentinel Lymph 
Nodes on Frozen Tissue Section Digital Slides in Women with Breast Cancer
Young-Gon Kim, In Hye Song, Hyunna Lee, Sungchul Kim, Dong Hyun Yang, Namkug Kim, Dongho Shin, Yeonsoo Yoo, Kyowoon Lee, Dahye Kim, Hwejin Jung, 
Hyunbin Cho, Hyungyu Lee, Taeu Kim, Jong Hyun Choi, Changwon Seo, Seong Il Han, Young Je Lee, Young Seo Lee, Hyung-Ryun Yoo, Yongju Lee, Jeong Hwan Park, 
Sohee Oh, Gyungyub Gong

Lung cancer
Real-World Experience of Nivolumab in Non-small Cell Lung Cancer in Korea
Sun Min Lim, Sang-We Kim, Byoung Chul Cho, Jin Hyung Kang, Myung-Ju Ahn, Dong-Wan Kim, Young-Chul Kim, Jin Soo Lee, Jong-Seok Lee, Sung Yong Lee, Keon Uk Park, 
Ho Jung An, Eun Kyung Cho, Tae Won Jang, Bong-Seog Kim, Joo-Hang Kim, Sung Sook Lee, Im-II Na, Seung Soo Yoo, Ki Hyeong Lee

Genetic Alterations in Preinvasive Lung Synchronous Lesions
Soyeon Ahn, Jisun Lim, Soo Young Park, Hyojin Kim, Hyun Jung Kwon, Yeon Bi Han, Choon-Taek Lee, Sukki Cho, Jin-Haeng Chung

Gastrointestinal cancer
A Phase II Study of Avelumab Monotherapy in Patients with Mismatch Repair–Deficient/Microsatellite 
Instability–High or POLE-Mutated Metastatic or Unresectable Colorectal Cancer
Jwa Hoon Kim, Sun Young Kim, Ji Yeon Baek, Yong Jun Cha, Joong Bae Ahn, Han Sang Kim, Keun-Wook Lee, Ji-Won Kim, Tae-You Kim, Won Jin Chang, Joon Oh Park, 
Jihun Kim, Jeong Eun Kim, Yong Sang Hong, Yeul Hong Kim, Tae Won Kim

Evaluation of the American Joint Committee on Cancer (AJCC) 8th Edition Staging System for Hepatocellular Carcinoma in 
1,008 Patients with Curative Resection
Sujin Park, Sangjoon Choi, Yoon Ah Cho, Dong Hyun Sinn, Jong Man Kim, Cheol-Keun Park, Sang Yun Ha 

A Multi-cohort Study of the Prognostic Significance of Microsatellite Instability or Mismatch Repair Status after 
Recurrence of Resectable Gastric Cancer
Ji Yeong An, Yoon Young Choi, Jeeyun Lee, Woo Jin Hyung, Kyoung-Mee Kim, Sung Hoon Noh, Min-Gew Choi, Jae-Ho Cheong

FGFR4 Gly388Arg Polymorphism Affects the Progression of Gastric Cancer by Activating STAT3 Pathway to 
Induce Epithelial to Mesenchymal Transition
Yanwei Ye, Jie Li, Dongbao Jiang, Jingjing Li, Chuangfeng Xiao, Yingze Li, Chao Han, Chunlin Zhao

Adjuvant Chemotherapy in Microsatellite Instability–High Gastric Cancer 
Jin Won Kim, Sung-Yup Cho, Jeesoo Chae, Ji-Won Kim, Tae-Yong Kim, Keun-Wook Lee, Do-Youn Oh, Yung-Jue Bang, Seock-Ah Im

Tumor Control and Overall Survival after Stereotactic Body Radiotherapy for Pulmonary Oligometastases from 
Colorectal Cancer: A Meta-Analysis 
Hoon Sik Choi, Bae Kwon Jeong, Ki Mun Kang, Hojin Jeong, Jin Ho Song, In Bong Ha, Oh-Young Kwon

High Systemic Inflammation Response Index (SIRI) Indicates Poor Outcome in Gallbladder Cancer Patients with 
Surgical Resection: A Single Institution Experience in China 
Lejia Sun, Wenmo Hu, Meixi Liu, Yang Chen, Bao Jin, Haifeng Xu, Shunda Du, Yiyao Xu, Haitao Zhao, Xin Lu, Xinting Sang, Shouxian Zhong, Huayu Yang, Yilei Mao

Gynecologic cancer
Early Assessment of Response to Neoadjuvant Chemotherapy with 18F-FDG-PET/CT in Patients with 
Advanced-Stage Ovarian Cancer
Young Shin Chung, Hyun-Soo Kim, Jung-Yun Lee, Won Jun Kang, Eun Ji Nam, Sunghoon Kim, Sang Wun Kim, Young Tae Kim

Evaluation of Circulating Tumor DNA in Patients with Ovarian Cancer Harboring Somatic PIK3CA or KRAS Mutations
Aiko Ogasawara, Taro Hihara, Daisuke Shintani, Akira Yabuno, Yuji Ikeda, Kenji Tai, Keiichi Fujiwara, Keisuke Watanabe, Kosei Hasegawa

1067

1084

1103

1112

1120

1135

1145

1153

1162

1178

1188

1199

1211

1219

Volume 52, No. 1~4, 2020

1304     CANCER  RESEARCH  AND  TREATMENT



Tables of Contents (Vol. 52)

VOLUME 52 NUMBER 4 OCTOBER 2020     1305

Germline and Somatic BRCA1/2 Gene Mutational Status and Clinical Outcomes in Epithelial Peritoneal, Ovarian, 
and Fallopian Tube Cancer: Over a Decade of Experience in a Single Institution in Korea
Se Ik Kim, Maria Lee, Hee Seung Kim, Hyun Hoon Chung, Jae-Weon Kim, Noh Hyun Park, Yong-Sang Song

Genitourinary cancer
Cause of Mortality after Radical Prostatectomy and the Impact of Comorbidity in Men with Prostate Cancer: 
A Multi-institutional Study in Korea
Sahyun Pak, Dalsan You, In Gab Jeong, Dong-Eun Lee, Sung Han Kim, Jae Young Joung, Kang-Hyun Lee, Jun Hyuk Hong, Choung-Soo Kim, Hanjong Ahn

Pediatric malignancy
Genome-Wide Association Study for the Identification of Novel Genetic Variants Associated with the Risk of 
Neuroblastoma in Korean Children 
Joon Seol Bae, Ji Won Lee, Jung Eun Yoo, Je-Gun Joung, Keon Hee Yoo, Hong Hoe Koo, Yun-Mi Song, Ki Woong Sung

Lymphoma
Increasing Incidence of B-Cell Non-Hodgkin Lymphoma and Occurrence of Second Primary Malignancies in 
South Korea: 10-Year Follow-up Using the Korean National Health Information Database
Jin Seok Kim, Yanfang Liu, Kyoung Hwa Ha, Hong Qiu, Lee Anne Rothwell, Hyeon Chang Kim

Forkhead Box C1 (FOXC1) Expression in Stromal Cells within the Microenvironment of T and NK Cell Lymphomas: 
Association with Tumor Dormancy and Activation 
Ji Hae Nahm, Woo Ick Yang, Sun Och Yoon

Seminal Vesicle Involvement by Carcinoma In Situ of the Bladder: Clonal Analysis Using Next-Generation Sequencing 
to Elucidate the Mechanism of Tumor Spread
Hyun Sik Park, Hyun Bin Shin, Myung-Shin Lee, Joo Heon Kim, Seon-Young Kim, Jinsung Park

EGFR C797S as a Resistance Mechanism of Lazertinib in Non-small Cell Lung Cancer with EGFR T790M Mutation
Sehhoon Park, Bo Mi Ku, Hyun Ae Jung, Jong-Mu Sun, Jin Seok Ahn, Se-Hoon Lee, Keunchil Park, Myung-Ju Ah

Crohn’s Disease Following Rituximab Treatment for Follicular Lymphoma in a Patient with Synchronous Gastric Signet 
Ring Cells Carcinoma: A Case Report and Literature Review
Elisabetta Cavalcanti, Raffaele Armentano, Ivan Lolli

Tables of Contents (Vol. 52, No. 1~4, 2020)

Acknowledgment of Reviewers (2020)

1229

1242

1251

1262

1273

1283

1288

1291

1297

1306

Case Reports



We, the editors of Cancer Research Treatment (CRT), have strived toward the goal to make CRT a high quality journal. It could not 
be achieved without the peer reviewers’ unselfish contribution of their valueless time and effort. Their thorough insights and constructive 
critiques have helped to maintain high standard of research articles published in CRT. 

We owe a lot to the following peer reviewers during 2019 and 2020 and acknowledge their enormous contribution with our most heart-
felt appreciation.

1306     CANCER  RESEARCH  AND  TREATMENT

Acknowledgment of Reviewers (2020)

Ahn, G-One 

Ahn, Hee Kyung
Ahn, Hyong Gin
Ahn, Joong-Bae 
Ahn, Myung Ju
Ahn, Soomin 
Ahn, Soyeon 
Ahn, Yong Chan
Bae, Jeong Mo
Bae, Jong-Myon 
Baek, Sun Kyung
Beom, Seung-Hoon 
Chang, Heung Moon
Chang, Hyun 

Cheong, Jae Ho
Cheuh, Heewon 
Chie, Eui Kyu
Cho, Deog-Gon 

Cho, Jae Yong
Cho, Jae-Young 
Cho, Sang Hee
Cho, Soo Youn
Cho, Yong Mee
Choi, Chul Won
Choi, Hyoung Soo
Choi, Jin Hyuk
Choi, Jin Young
Choi, Ji-Yeob 
Choi, Joon Hyuk
Choi, Joon Young
Choi, Kui Son
Choi, Yoon Ji

Choi, Yoon-La 
Choi, Young Rok 
Choi, Yunhee 
Chon, Hongjae 
Chun, Mi Son
Chung, Byung Ha
Chung, Hyun Hoon
Chung, Man Ki
Cohn, David Elliot
Eom, Hyeon Seok
Eom, Keun-Yong 
Eom, Ki-Seong 

Goo, Jin Mo
Ha, Sang Yun
Han, Boo-Kyung 
Han, Ho-Seong 
Han, Hye Sook

Han, Ilkyu 
Han, Ji-Youn 
Han, Sae-Won 
Han, Wonshik 
He, Jing 
Heo, Dae Seog
Hong, Jin Hwa
Hong, Se Mie
Hong, Sook-hee
 
Hong, Yong Sang
Hur, Sooyoung 

Hwang, In Gyu
Hwang, Kihwan 
Jang, Bo Gun

Seoul National Univ. College of Veterinary 

  Medicine, Korea

Gachon Univ. Gil Medical Center, Korea

Korea Univ. College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Seoul National Univ. Bundang Hospital, Korea

Seoul National Univ. Bundang Hospital, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Jeju National Univ. College of Medicine, Korea

Kyung Hee Univ. Medical Center, Korea

Yonsei Univ. College of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

Catholic Kwandong Univ. Int’l St. Mary Hospital,  

  Korea

Yonsei Univ. College of Medicine, Korea

Dong-A Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

The Catholic Univ. of Korea, College of Medicine, 

  Korea

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. Bundang Hospital, Korea

Chonnam National Univ. Medical School, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

Korea Univ. College of Medicine, Korea

Seoul National Univ. Bundang Hospital, Korea

Ajou Univ. School of Medicine, Korea 

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Yeungnam Univ. Medical Center, Korea

Sungkyunkwan Univ. School of Medicine, Korea

National Cancer Center, Korea

Korea Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Seoul National Univ. Bundang Hospital, Korea

Seoul National Univ. Hospital, Korea

CHA Univ., Korea

Ajou Univ. School of Medicine, Korea 

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

The Ohio State Univ. College of Medicine, USA

National Cancer Center, Korea

Seoul National Univ. Bundang Hospital, Korea

The Catholic Univ. of Korea, College of Medicine, 

  Korea

Seoul National Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Seoul National Univ. Bundang Hospital, Korea

Chungbuk National Univ. College of Medicine, 

  Korea

Seoul National Univ. College of Medicine, Korea

National Cancer Center, Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Guangzhou Women and Children, China

Seoul National Univ. College of Medicine, Korea

Korea Univ. College of Medicine, Korea

Konkuk Univ. Medical Center, Korea

The Catholic Univ. of Korea, College of Medicine, 

  Korea

Univ. of Ulsan College of Medicine, Korea

The Catholic Univ. of Korea, College of Medicine, 

  Korea

Chung-Ang Univ. College of Medicine, Korea

Seoul National Univ. Bundang Hospital, Korea

Jeju National Univ. College of Medicine, Korea



VOLUME 52 NUMBER 4 OCTOBER 2020     1307

Jang, Jin-Young 
Jang, Joung Soon
Jeon, Yoon Kyung
Jeong, Hansin 
Jeong, Joon 
Jeung, Hei-Cheul 
Jo, Dong Hyun
Jung, Chan Kwon

Jung, Hye Lim
Jung, Hyun Ae
Jung, Joo Young
Jung, Kyung Hae
Jung, Minkyu 
Kang, Eun Joo
Kang, Haeyoun 
Kang, Hyoung Jin
Kang, Hyun-Cheol 
Kang, Hyunseok 
Kang, Jeonghyun 
Kang, Jung Hun

Kang, Seok Yun
Kang, Seok-Gu 
Kang, Won Kyung

Kang, Yu Na

Kang, Yun Kyung
Keam, Bhumsuk 
Kim, Chang Wook

Kim, Chungyeul 
Kim, Dae-Young 
Kim, Do Young
Kim, Dong-Wan 
Kim, Eunsoo 
Kim, Haeryoung 
Kim, Hak Jae
Kim, Hee Jun
Kim, Hee Seung
Kim, Hee Sung
Kim, Hyeong Rok
Kim, Hyery 

Kim, Hyojin 
Kim, Hyoung-Il 
Kim, Hyunki 
Kim, In Ah
Kim, In-Ho 

Kim, Insuk 
Kim, Jeongseon 
Kim, Ji Hun
Kim, Jin Hyoung
Kim, Jin Seok
Kim, Jin Won
Kim, Jin Young
Kim, Jinho 
Kim, Jinsung 
Kim, Jong Gwang

Kim, Jong Hoon
Kim, Jung Bae
Kim, Jung Ho
Kim, Kidong 
Kim, Ku Sang
Kim, Kyo-pyo 
Kim, Kyoung Mee
Kim, Kyubo 
Kim, Min Hwan
Kim, Miso 
Kim, Nam Kyu
Kim, Sang We
Kim, Se Hyun
Kim, Se Hyung
Kim, Seok Jin
Kim, Songyee 
Kim, Su Ssan
Kim, Suk-Il 

Kim, Sun Young
Kim, Sung Hwan

Kim, Tae Hyun
Kim, Tae Min
Kim, Wan Seop
Kim, Won Dong

Seoul National Univ. College of Medicine, Korea

Chung-Ang Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

The Catholic Univ. of Korea, College of Medicine, 

  Korea

Sungkyunkwan Univ. School of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Hallym Univ. Medical Center, Korea

Univ. of Ulsan College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Korea Univ. College of Medicine, Korea

CHA Univ., Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Univ. of San Francisco, USA

Yonsei Univ. College of Medicine, Korea

Gyeongsang National Univ. School of Medicine, 

  Korea

Ajou Univ. School of Medicine, Korea 

Yonsei Univ. College of Medicine, Korea

The Catholic Univ. of Korea, College of Medicine, 

  Korea

Kyungpook National Univ. School of Medicine, 

  Korea

Inje Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

The Catholic Univ. of Korea, College of Medicine, 

  Korea

Korea Univ. College of Medicine, Korea

IBM, Korea

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Pusan National Univ. School of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Chung-Ang Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Chung-Ang Univ. College of Medicine, Korea

Chonnam National Univ. Medical School, Korea

Univ. of Ulsan College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

The Catholic Univ. of Korea, College of Medicine, 

  Korea

Pusan National Univ. School of Medicine, Korea

National Cancer Center, Korea

Univ. of Ulsan College of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. Bundang Hospital, Korea

Keimyung Univ. School of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Kyungpook National Univ. School of Medicine, 

  Korea

Univ. of Ulsan College of Medicine, Korea

Korea Univ., Korea

SNU Boramae Medical Center, Korea

Seoul National Univ. Bundang Hospital, Korea

Ulsan City Hospital, Korea

Univ. of Ulsan College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Ewha Womans Univ. School of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

Seoul National Univ. Bundang Hospital, Korea

Seoul National Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

The Catholic Univ. of Korea, College of Medicine, 

  Korea

Univ. of Ulsan College of Medicine, Korea

The Catholic Univ. of Korea, College of Medicine, 

  Korea

National Cancer Center, Korea

Seoul National Univ. College of Medicine, Korea

Konkuk Univ. Medical Center, Korea

Chungbuk National Univ. College of Medicine, 

  Korea

Acknowledgment of Reviewers (2020)



Volume 52, No. 1~4, 2020

Kim, Won Seog
Kim, Woo Ho
Kim, Woo-Young 

Kim, Yeon-Joo 
Kim, Yeon-Sil 

Kim, Yeul Hong
Kim, Yong Sung
Kim, Yong Tai

Kim, Young Ae
Kim, Young Hoon
Kim, Young Seok
Kim, Yuri 
Ko, Kwang-Pil 
Ko, Young Hyeh
Koh, Jiwon 
Koh, Kyung-Nam 
Koh, Su-Jin 
Kong, Sun-Young 
Koo, Dong Hoe
Koom, Woong Sub
Kwak, Cheol
Kwak, Yoon Jin
Kweon, Sun-Seog 
Kwon, Jung Hye
Lee, Choong-kun 
Lee, Dae Ho
Lee, Dakeun 
Lee, Dong Soo

Lee, Eun Kyung

Lee, Eunyoung 
Lee, Ho-Young
Lee, Ho-Young 
Lee, Hye Seung
Lee, Hyewon 
Lee, Hyo Jin
Lee, Hyo-Jong 
Lee, Hyuk-Joon 
Lee, Ik Jae
Lee, Jae Min

Lee, Jeeyun 
Lee, Jong Hoon

Lee, Jooho 
Lee, Jung Won
Lee, Jung-Yun 
Lee, Keun Seok
Lee, Ki Hyeong

Lee, Kyoungbun
Lee, Kyu Sang
Lee, Kyung Hun
Lee, Kyung-A 
Lee, Maria 
Lee, Mi-Ock 
Lee, Myung Ah

Lee, Sae Byul
Lee, Sang Seob 
Lee, Sang-Cheol 
Lee, Sanghoon 
Lee, Soohyeon 
Lee, Sun-Joo 
Lee, Won Sup

Lee, Won-Joon 
Lee, You Mie

Lee, Yun-Gyoo 
Lim, Do Hoon
Lim, Ho Yeong
Lim, Hyun-ju 
Lim, Joo Han
Lim, Min Kyung
Lim, Myong Cheol
Lim, Young-Suk 
Lin, Chia-Chi (Josh)
Min, Ahrum 
Moon, Hyeong-Gon 
Na, Hee Young
Nam, Byung-Ho 
Nam, Eun Ji
Nam, Seung-Hyun 
Nam, Taek-Keun 

Sungkyunkwan Univ. School of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Sookmyung Women’s Univ. College of Pharmacy, 

  Korea

National Cancer Center, Korea

The Catholic Univ. of Korea, College of Medicine, 

  Korea

Korea Univ. College of Medicine, Korea

KRIBB, Korea

National Health Insurance Service Ilsan Hospital, 

  Korea

National Cancer Center, Korea

Seoul National Univ. Bundang Hospital, Korea

Univ. of Ulsan College of Medicine, Korea

Ewha Womans Univ. School of Medicine, Korea

Gachon Univ. Gil Medical Center, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

Ulsan Univ. Hospital, Korea

National Cancer Center, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. Bundang Hospital, Korea

Chonnam National Univ. Medical School, Korea

Chungnam National Univ. Medical School, Korea

Yonsei Univ. College of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

Ajou Univ. School of Medicine, Korea 

The Catholic Univ. of Korea, College of Medicine, 

  Korea

The Catholic Univ. of Korea, College of Medicine, 

  Korea

National Cancer Center, Korea

Seoul National Univ. College of Pharmacy, Korea

Seoul National Univ. Bundang Hospital, Korea

Seoul National Univ. College of Medicine, Korea

National Cancer Center, Korea

Chungnam National Univ. Medical School, Korea

Inje Univ. College of Pharmacy, Korea

Seoul National Univ. College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Yeungnam Univ. Medical Center, Korea

Sungkyunkwan Univ. School of Medicine, Korea

The Catholic Univ. of Korea, College of Medicine, 

  Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. College of Pharmacy, Korea

Yonsei Univ. College of Medicine, Korea

National Cancer Center, Korea

Chungbuk National Univ. College of Medicine, 

  Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. Bundang Hospital, Korea

Seoul National Univ. College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. College of Pharmacy, Korea

The Catholic Univ. of Korea, College of Medicine, 

  Korea

Univ. of Ulsan College of Medicine, Korea

Soonchunhyang Univ. College of Medicine, Korea

Korea Univ. College of Medicine, Korea

Korea Univ. College of Medicine, Korea

Konkuk Univ. Medical Center, Korea

Gyeongsang National Univ. School of Medicine, 

  Korea

Kyungpook National Univ. College of Pharmacy, 

  Korea

Sungkyunkwan Univ. School of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

National Cancer Center, Korea

Inha Univ. School of Medicine, Korea

National Cancer Center, Korea

National Cancer Center, Korea

Univ. of Ulsan College of Medicine, Korea

National Taiwan University Hospital, Taiwan 

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. Bundang Hospital, Korea

Herings, Korea

Yonsei Univ. College of Medicine, Korea

VHS Medical Center, Korea

Chonnam National Univ. Medical School, Korea

1308     CANCER  RESEARCH  AND  TREATMENT



Acknowledgment of Reviewers (2020)

VOLUME 52 NUMBER 4 OCTOBER 2020     1309

Noh, Jae Myoung
Oh, Dongryul 
Oh, In-Jae 
Oh, Jin-Kyoung 
Oh, Sung Yong
Paek, Jiheum 
Paik, Jin Ho
Pak, Kyoungjune 
Park, Boram 
Park, Boyoung 
Park, Chul-Kee 
Park, Eun Young
Park, Hee Chul
Park, Hyun Woo
Park, In Hae
Park, In Kyu
Park, Jae Young
Park, Ji Soo
Park, Ji-Kyoung 
Park, Joon Seong
Park, Keon Uk
Park, Kwonoh 
Park, Kyong Hwa
Park, Sung Taek
Park, Sung-Hye 
Park, Won 
Park, Woong-Yang 
Park, Yeon Hee
Park, Yoon 
Park, Young Soo
Roh, Byung-Yoon 
Roh, Mi Ryung
Ryu, Ji Kon
Seo, An Na

Seo, Ji Hye
Shim, Hyo Sup
Shin, Aesun 
Shin, Cheol Min
Shin, Dong Wook
Shin, Eui-Cheol 
Shin, Hee Young
Shin, Kyung Hwan
Shin, Sang Joon

Shin, Sang Won
Shin, Seong Hoon
Shin, Young Kee
Sim, Sung Eun

Song, Changhoon 
Song, Eun-Kee 
Suh, Chang Ok
Suh, Koung Jin
Suh, Yang-Gun 
Suh, Young Jin

Suh, Yun-Suhk 
Sun, Jong-Mu 
Sung, Chang Ohk
Sung, Joohon 
Sung, Ki Woong
Tae, Kyung 
Whang, Young Mi

Won, Jong Ho
Won, Young-Joo 
Won, Young-Woong 
Woo, Sang Uk
Wu, Hong-Gyun 
Yang, Seoung-Oh 

Yi, Eunsang 
Yoo, Changhoon 
Yoon, Dok Hyun
Yoon, Kyong-Ah 
Yoon, Sang Min
Yu, Jeong Il
Yuh, Young Jin
Yun, Ik Jin
Yun, Sook-Jung 
Yun, Sumi 

Sungkyunkwan Univ. School of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Chonnam National Univ. Medical School, Korea

National Cancer Center, Korea

Dong-A Univ. College of Medicine, Korea

Ajou Univ. School of Medicine, Korea 

Seoul National Univ. Bundang Hospital, Korea

Pusan National Univ. School of Medicine, Korea

National Cancer Center, Korea

Hanyang Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

National Cancer Center, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Yonsei Univ. Korea

Korea Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Korea Univ. College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Inje Univ. College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Keimyung Univ. School of Medicine, Korea

Pusan National Univ. School of Medicine, Korea

Korea Univ. College of Medicine, Korea

Hallym Univ. Medical Center, Korea

Seoul National Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

KIST, Korea

Univ. of Ulsan College of Medicine, Korea

National Forensic Service, Korea

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Kyungpook National Univ. School of Medicine, 

  Korea

Keimyung Univ. School of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. Bundang Hospital, Korea

Sungkyunkwan Univ. School of Medicine, Korea

KAIST, Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Korea Univ. College of Medicine, Korea

Kosin Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

The Catholic Univ. of Korea, College of Medicine, 

  Korea

Seoul National Univ. Bundang Hospital, Korea

Jeonbuk National Univ. Medical School, Korea

CHA Univ., Korea

Seoul National Univ. College of Medicine, Korea

National Cancer Center, Korea

The Catholic Univ. of Korea, College of Medicine, 

  Korea

Seoul National Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Hanyang Univ. College of Medicine, Korea

Seoul National Univ. Hospital Biomecical Research 

  Institute, Korea

Soonchunhyang Univ. College of Medicine, Korea

National Cancer Center, Korea

Hanyang Univ. College of Medicine, Korea

Korea Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Dongnam Inst. of Radiological & Medical 

  Sciences, Korea

Korea Univ. College of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

Konkuk Univ. Medical Center, Korea

Univ. of Ulsan College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Inje Univ. College of Medicine, Korea

Konkuk Univ. Medical Center, Korea

Chonnam National Univ. Medical School, Korea

Samkwang Medical Laboratories, Korea










