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ABSTRACT Objective: The effectiveness of adjuvant treatments for resected gallbladder carcinoma (GBC) has remained unclear due to 

lack of randomized controlled trials; thus, the aim of present study was to evaluate the role of adjuvant treatments, including 

chemoradiotherapy (CRT) and/or chemotherapy (CTx), in patients with resected GBC.

Methods: A total of 733 GBC patients who received curative-intent surgical resection were identified in a multi-institutional database. 

Of 733 patients, 372 (50.8%) did not receive adjuvant treatment, whereas 215 (29.3%) and 146 (19.9%) received adjuvant CTx and 

CRT, respectively. The locoregional recurrence-free survival (LRFS), recurrence-free survival (RFS), and overall survival (OS) of the 

adjuvant treatment groups were compared according to tumor stage (stage II vs. stage III–IV).

Results: In stage II disease (n = 381), the 5-year LRFS, RFS, and OS were not significantly different among the no-adjuvant therapy, 

CTx, and CRT groups, and positive resection margin, presence of perineural invasion, and Nx classification were consistently 

associated with worse LRFS, RFS, and OS in the multivariate analysis (P < 0.05). For stage III–IV (n = 352), the CRT group had 

significantly higher 5-year LRFS, RFS, and OS than the no-adjuvant therapy and CTx groups (67.8%, 45.2%, and 56.9%; 37.9%, 

28.8%, and 35.4%; and 45.0%, 30.0%, and 45.7%, respectively) (P < 0.05).

Conclusions: CRT has value as adjuvant treatment for resected GBC with stage III–IV disease. Further study is needed for stage II 

disease with high-risk features.
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Introduction

Gallbladder carcinoma (GBC) is an aggressive tumor originat-

ing from the biliary tract and is known to have an unfavorable 

prognosis1. Surgical resection is known as the only curative 

treatment for localized GBC, but a relatively high recurrence 

rate after surgery remains a major concern2-5. Theoretically, 
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adjuvant chemoradiotherapy (CRT) or chemotherapy (CTx) 

would be helpful to control the subclinical locoregional and 

systemic tumor burden after surgical resection; thus, the addi-

tion of adjuvant treatments might be a reasonable approach 

for resected GBC. However, although GBC is a malignancy of 

a subsite of the biliary tract and its natural course or etiology 

is distinctive from that of other subsites, most previous stud-

ies assessing the efficacy of adjuvant treatments in resected 

GBC included relatively small and heterogeneous populations, 

including GBC, intrahepatic and extrahepatic bile duct can-

cer and/or periampullary cancer2,6-13. The SWOG S0809 trial 

showed that adjuvant capecitabine and gemcitabine followed 

by CRT in resected GBC was feasible and effective, but it did 

not compare this treatment strategy with surgery alone14. 

Thus, the effectiveness of adjuvant treatments, including CRT 

or CTx, for resected GBC has remained unclear due to a lack 

of randomized controlled trials. Unfortunately, due to the 

rarity of GBC, conducting randomized controlled trials to 

evaluate the effectiveness of adjuvant treatments for resected 

GBC patients in the real world is difficult. For these reasons, 

the present study was designed to evaluate the role of adju-

vant treatments, including CRT and/or CTx, in resected GBC 

compared with surgical resection alone using the multi-insti-

tutional database of the Korean Radiation Oncology Group 

(KROG) and to identify subgroups that are likely to benefit 

from adjuvant treatments by analyzing the clinicopathologic 

factors associated with recurrence and survival.

Materials and methods

Patients

The data of GBC patients who underwent primary surgical 

resection with curative intent at any of the 12 KROG mem-

ber institutions between October 2001 and October 2017 were 

reviewed. The inclusion criteria of the present study were 

as follows: histologically confirmed adenocarcinoma of the 

gallbladder; pathologic T2 or higher disease, assessed by the 

American Joint Committee on Cancer (AJCC) staging system 

(8th edition); patients who underwent curative-intent surgi-

cal resection, defined as the eradication of the whole tumor(s) 

without gross residual disease; no distant metastasis; and no 

history of neoadjuvant treatment before surgery or previous 

or current malignancy. The clinicopathologic data of each 

patient, including age, gender, histologic findings, stage, serum 

carbohydrate antigen 19-9 (CA 19-9), surgical procedures, 

adjuvant treatments, sites and time of recurrence and survival, 

were collected. The collected data were managed by assigning 

case numbers to each participating institute and anonymizing 

them. Data analysis was performed centrally at the National 

Cancer Center, Republic of Korea, and all methods were per-

formed in accordance with the relevant guidelines and regu-

lations. This study was approved by the institutional review 

board of each participating institute and KROG (Approval No. 

KROG 19-04) and complied with the Declaration of Helsinki 

and Good Clinical Practice guidelines. The requirement for 

written informed consent was waived due to the retrospective 

nature of the study.

Assessments and statistical analysis

Disease recurrence was confirmed pathologically and/or 

radiologically with evidence of an increase in size over time. 

Locoregional recurrence was defined as newly appearing or 

reappearing tumor(s) within the tumor bed and regional 

lymphatic area, including the porta hepatis, peripancreatic 

region, celiac region, origin of the superior mesenteric artery 

and para-aortic nodes, and distant recurrence was defined as 

newly appearing tumor(s) in distant organs or nonregional 

lymph nodes. Locoregional recurrence-free survival (LRFS) 

and recurrence-free survival (RFS), defined as the time from 

the date of surgical resection to the date of locoregional recur-

rence and any type of recurrence, respectively, and these were 

censored at the date of the last follow-up if the patients had no 

evidence of recurrence. Overall survival (OS) was defined as 

the time from the date of surgical resection to the date of death 

from any cause. Survival outcomes were estimated using the 

Kaplan–Meier method and compared using the log-rank test. 

In multivariate analysis, hazard ratios (HRs) were estimated 

using a Cox proportional hazards model. Statistical analyses 

were performed with STATA version 14.0 (StataCorp, College 

Station, TX, USA); all tests were 2-sided, and a P-value < 0.05 

was considered statistically significant.

Results

A total of 745 patients who met the inclusion criteria were 

identified from the multi-institutional database. Of them, 12 

patients who received adjuvant radiotherapy without concur-

rent CTx were excluded, and the remaining 733 patients were 

analyzed in the present study. Tumor stage was stage II in 381 

(52.0%) patients, stage III in 299 (40.8%) patients, and stage 
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IV in 53 (7.2%) patients. Regarding the operative  procedures, 

of 733 patients, 621 (84.7%) and 112 (15.3%) patients under-

went radical cholecystectomy and cholecystectomy, respec-

tively; 656 (89.5%) patients underwent lymph node  dissection, 

with a median number of dissected lymph nodes of 9 (range, 

1–60), and 77 (10.5%) patients did not undergo lymph node 

dissection. After surgical resection, 372 (50.8%) patients did 

not receive adjuvant treatment (No-AT), and 215 (29.3%) and 

146 (19.9%) patients received adjuvant CTx and CRT, respec-

tively. In the CTx group, 5-fluorouracil (5-FU)-based regi-

mens (n = 143, 66.5%), gemcitabine-based regimens (n = 68, 

31.6%), and combined 5-FU and gemcitabine (n = 4, 1.8%) 

regimens were administered, with a median number of cycles 

of 6 (range, 1–24). In the CRT group, a median radiation dose 

of 50.4 Gy (range, 45.0–54.0 Gy), with a daily fraction of 1.8–

2.0 Gy, was delivered to the tumor bed and regional lymphatic 

area with concurrent 5-FU- (n = 136) or platinum/gemcit-

abine-based (n = 10) CTx.

The baseline characteristics of the 3 adjuvant treatment 

groups (No-AT, CTx, and CRT) are compared in Table 1. For 

stage II patients, the No-AT group had significantly more 

older patients than the CTx group and had significantly fewer 

patients with positive resection margins than the CRT group 

(P < 0.05) (Table 1). For stage III–IV patients, the No-AT 

group had significantly more older patients than the CTx and 

CRT groups and had significantly fewer patients with N1–N2 

disease than the CTx and CRT groups (P < 0.05) (Table 1). 

The other baseline characteristics were not significantly differ-

ent among the 3 groups (Table 1).

The median follow-up durations of all patients and living 

patients were 39.8 months [interquartile range (IQR), 21.1–

75.0 months] and 58.9 months (IQR, 30.4–91.5 months), 

respectively. At the time of analysis, a total of 268 deaths were 

observed, 224 (83.6%) of which were from disease progres-

sion. Disease recurrence was observed in 300 (40.9%) patients, 

and the patterns of failure were locoregional recurrence in 94 

(12.8%) patients, distant metastasis in 112 (15.3%) patients, 

and both locoregional and distant recurrences in 94 (12.8%) 

patients. The proportions of patients who experienced dis-

ease recurrence in stages II and III–IV were 21.8% and 61.6%, 

respectively (Figure 1). The patterns of failure in stage II 

showed no differences among the 3 adjuvant treatment groups 

(P > 0.05) (Figure 1A). Regarding stage II disease, locore-

gional recurrence occurred in 12.4%, 18.3%, and 19.6% of 

the patients in the No-AT, CTx, and CRT groups, respectively, 

and distant metastasis occurred in 12.0%, 17.1%, and 19.6% 

(Figure 1A). In stage III–IV patients, the rate of locoregional 

recurrence was significantly lower in the CRT group (25.7%) 

than in the No-AT and CTx groups (44.7% and 41.4%, respec-

tively, P = 0.002) (Figure 1B), and the rates of distant metasta-

sis were similar among the 3 groups (41.2%, 48.9%, and 39.0% 

in the No-AT, CTx, and CRT groups, respectively, P = 0.233). 

In contrast, the CTx group showed no significant difference 

in the patterns of failures compared with the No-AT group 

(P = 0.234).

For all patients, the 5-year LRFS, RFS, and OS rates were 

82.8%, 77.0%, and 79.3% in stage II disease and 50.2%, 34.4%, 

and 46.0% in stage III–IV disease, respectively. The univariate 

analyses of LRFS, RFS, and OS in stages II and III–IV were 

performed separately (Table 2). In patients with stage II dis-

ease, aged, Nx classification, preoperative CA 19-9 level > 

37 U/mL, postoperative CA 19-9 level > 37 U/mL, presence 

of lymphovascular invasion, presence of perineural inva-

sion, positive resection margin, and non-radical resection 

were associated with significantly worse LRFS, RFS, and OS 

(P < 0.05), and adjuvant treatments (CTx and CRT) were 

not significantly associated with LRFS, RFS, or OS compared 

with No-AT (Figure 2A–C) (Table 2). In patients with stage 

III–IV disease, advanced T and N classification, postopera-

tive CA 19-9 level > 37 U/mL, poor differentiation, presence 

of lymphovascular invasion, and presence of perineural inva-

sion were associated with significantly worse LRFS, RFS, and 

OS (P < 0.05), and the CRT group showed significantly bet-

ter LRFS, RFS, and OS rates than the No-AT and CTx groups 

(P < 0.05) (Figure 2D–F) (Table 2). Younger patients showed 

significantly longer OS times than older patients, and patients 

with positive resection margins had significantly worse RFS 

and OS rates than patients with negative resection margins. 

Patients who received radical resection showed significantly 

longer LRFS and OS than patients who received non-radical 

resection. The results of multivariate analysis are summarized 

in Table 3. In patients with stage II disease, Nx classification, 

presence of perineural invasion, and positive resection margin 

were consistently significant factors associated with increased 

HRs for LRFS, RFS, and OS (P < 0.05). In patients with stage 

III–IV disease, advanced T and N classification and postoper-

ative CA 19-9 level > 37 U/mL were significant factors associ-

ated with increased HRs for LRFS, RFS, and OS (P < 0.05). In 

addition, CRT significantly decreased the risks of LRFS [HR, 

0.28; 95% confidence interval (CI), 1.25–0.51], RFS (HR, 0.52; 

95% CI, 0.33–0.82), and OS (HR, 0.42; 95% CI, 0.25–0.70) 

compared with No-AT (P < 0.05), but CTx did not show 
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statistical significance in decreasing the HRs for LRFS, RFS, 

and OS compared with No-AT (P > 0.05).

To identify the potential subgroup of patients with stage 

II disease who are likely to benefit from adjuvant treatments, 

subgroup analysis was performed using high-risk features, 

including resection margin (positive vs. negative), perineu-

ral invasion (presence or absence), and performance of lym-

phadenectomy (no vs. Nx) identified in multivariate analysis. 

The HRs of positive resection margin for LRFS, RFS, and OS 

were 11.11, 10.98, and 9.84, respectively, which were higher 

than those of perineural invasion (3.25, 3.85, and 4.16, respec-

tively) and Nx classification (3.53, 3.70, and 2.55, respectively) 

(Table 2). Of 10 patients with positive resection margins, 3, 4, 

and 3 patients belonged to the No-AT, CTx, and CRT groups, 

respectively. There were no significant differences in the event 

numbers of LRFS [1 (33.3%), 1 (25%), and 2 (66.7%)], RFS [1 

(33.3%), 3 (75%), and 2 (66.7%)], and OS [1 (33.3%), 3 (75%), 

and 2 (66.7%)] in the No-AT, CTx, and CRT groups, respec-

tively (P > 0.05). Of 100 patients who had either perineural 

invasion or Nx classification, 69, 21, and 10 patients belonged 

to the No-AT, CTx, and CRT groups, respectively. The CRT 

group had a trend of better 5-year LRFS (80%, 58.7%, and 

66.6%), RFS (72%, 44%, and 57.4%), and OS (90%, 64.6%, 

and 58.4%) than the CTx and No-AT groups, but these differ-

ences were not significant due to the small number of patients 

who underwent CRT (n = 10) (Figure 3) (P > 0.05).

Discussion

In evaluating the role of adjuvant treatments in resected 

GBC, a better understanding of the patterns of failures after 

curative resection could be a prerequisite, but it is still con-

troversial2,7,8,15-17. Jarnagin et al.2 compared the pattern of 

 failure after curative resection between GBC (n = 97) and hilar 

cholangiocarcinoma (n = 80) and reported that recurrences 

in distant sites were more frequent in GBC than in hilar chol-

angiocarcinoma (85% vs. 41%, P < 0.001). Kim et al.15 also 

reported that distant metastasis was a more dominant failure 

pattern (86%) than locoregional recurrence in resected GBC 

patients, but they addressed that the information regarding 

the recurrence pattern was incomplete. In contrast, Park et al.7 

reported that the most common failure site in resected GBC 

patients was aortocaval lymph nodes, i.e., 47.4% of all recur-

rences. Kim et al.8 also reported that regional lymph nodes 

(27.7%) were the most frequent recurrence sites in resected 

GBC patients. Similarly, in the present study, locoregional 

Stage III–IV

2
(19.3)
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No-AT (n = 258)
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Figure 1 Patterns of failures among adjuvant treatment groups. (A) stage II, and (B) stage III–IV. LR, locoregional recurrence; DM, distant 
metastasis; NED, no evidence of disease; No-AT, no adjuvant treatment; CTx, chemotherapy; CRT, chemoradiotherapy.



Cancer Biol Med Vol 19, No 6 June 2022 937
Ta

bl
e 

2 
U

ni
va

ria
te

 a
na

ly
si

s 
of

 L
RF

S,
 R

FS
, a

nd
 O

S 
ac

co
rd

in
g 

to
 tu

m
or

 s
ta

ge

Ch
ar

ac
te

ris
tic

s
 

n
     

St
ag

e 
II 

(n
 =

 3
81

)
 

n
     

St
ag

e 
III

–I
V 

(n
 =

 3
52

)

LR
FS

   
RF

S
   

O
S

LR
FS

   
RF

S
   

O
S

5-
ye

ar
 (%

) 
P 

va
lu

e*
5-

ye
ar

 (%
)
 

P 
va

lu
e*

5-
ye

ar
 (%

)
 

P 
va

lu
e*

5-
ye

ar
 (%

)
 

P 
va

lu
e*

5-
ye

ar
 (%

)
 

P 
va

lu
e*

5-
ye

ar
 (%

)
 

P 
va

lu
e*

G
en

de
r

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
M

al
e

 
16

8
 

86
.2

 
0.

09
6

 
78

.3
 

0.
62

1
 

80
.2

 
0.

67
2

 
14

2
 

47
.8

 
0.

36
0

 
32

.2
 

0.
44

9
 

48
.8

 
0.

44
5

 
Fe

m
al

e
 

21
3
 

80
.1

 
 

76
.0

 
 

78
.4

 
 

21
0

 
52

.0
 

 
36

.1
 

 
44

.2
 

Ag
e

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
≤
60
 y
ea
rs

 
99

 
91

.0
 

0.
02

1
 

84
.5

 
0.

03
9

 
90

.6
 

0.
00

5
 

11
3

 
48

.6
 

0.
50

2
 

34
.3

 
0.

34
2

 
54

.7
 

0.
00

7

 
>

60
 y

ea
rs

 
28

2
 

79
.3

 
 

74
.0

 
 

74
.8

 
 

23
9

 
52

.0
 

 
34

.9
 

 
41

.6
 

T 
cl
as
si
fic
at
io
n

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
T2

 
38

1
 

–
 

–
 

–
 

–
 

–
 

–
 

15
0

 
63

.1
 

<
 0

.0
01

 
48

.4
 

0.
00

0
 

60
.7

 
<

0.
00

1

 
T3

–4
 

0
 

–
 

 
–

 
 

–
 

 
20

2
 

40
.0

 
 

23
.9

 
 

34
.9

 

N
 c
la
ss
ifi
ca
tio
n

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
N

0
 

31
5
 

85
.3

 
0.

00
3

 
80

.8
 

<
0.

00
1

 
82

.7
 

<
0.

00
1
 

69
 

53
.5

 
<

0.
00

1
 

37
.8

 
0.

00
0

 
51

.2
 

<
0.

00
1

 
N

1
 

0
 

–
 

 
–

 
 

–
 

 
22

4
 

54
.6

 
 

38
.8

 
 

50
.7

 

 
N

2
 

0
 

–
 

 
–

 
 

–
 

 
48

 
30

.8
 

 
13

.4
 

 
22

.2
 

 
N

x
 

66
 

68
.7

 
 

56
.7

 
 

62
.6

 
 

11
 

0.
0

 
 

0.
0

 
 

0.
00

 

Pr
eo

p 
CA

 1
9-

9 
le

ve
l 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
≤
37
 U
/m
L

 
25

4
 

86
.0

 
0.

00
1

 
81

.1
 

0.
00

1
 

83
.2

 
0.

02
6

 
20

0
 

51
.9

 
0.

03
7

 
35

.8
 

0.
04

6
 

46
.9

 
0.

42
8

 
>

37
 U

/m
L

 
51

 
69

.7
 

 
61

.3
 

 
64

.3
 

 
10

2
 

44
.5

 
 

28
.6

 
 

43
.2

 

Po
st

op
 C

A 
19

-9
 

le
ve

l (
U

/m
L)

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
≤
37

 
31

0
 

84
.9

 
0.

00
0

 
79

.0
 

0.
00

0
 

83
.7

 
0.

00
0

 
25

2
 

55
.2

 
<

0.
00

1
 

39
.7

 
0.

00
0

 
82

.4
 

0.
00

0

 
>

37
 

17
 

42
.2

 
 

47
.4

 
 

43
.6

 
 

61
 

25
.6

 
 

6.
3

 
 

14
.4

 

H
is

to
lo

gi
c 

di
ffe

re
nt

ia
tio

n
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
W

D
/M

D
 

32
9
 

82
.8

 
0.

74
0

 
77

.2
 

0.
60

8
 

78
.9

 
0.

96
4

 
24

4
 

53
.4

 
0.

03
6

 
38

.5
 

0.
00

4
 

51
.3

 
0.

00
4

 
PD

 
40

 
84

.3
 

 
74

.3
 

 
78

.0
 

 
90

 
44

.8
 

 
25

.2
 

 
34

.1
 



938 Lee et al. Role of CRT in resected GBC (KROG 19-04)

Ch
ar

ac
te

ris
tic

s
 

n
     

St
ag

e 
II 

(n
 =

 3
81

)
 

n
     

St
ag

e 
III

–I
V 

(n
 =

 3
52

)

LR
FS

   
RF

S
   

O
S

LR
FS

   
RF

S
   

O
S

5-
ye

ar
 (%

) 
P 

va
lu

e*
5-

ye
ar

 (%
)
 

P 
va

lu
e*

5-
ye

ar
 (%

)
 

P 
va

lu
e*

5-
ye

ar
 (%

)
 

P 
va

lu
e*

5-
ye

ar
 (%

)
 

P 
va

lu
e*

5-
ye

ar
 (%

)
 

P 
va

lu
e*

Re
se

ct
io

n 
m

ar
gi

n
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
N

eg
at

iv
e

 
35

9
 

84
.1

 
0.

00
5

 
79

.0
 

<
0.

00
1

 
81

.8
 

<
0.

00
1
 

31
1

 
50

.6
 

0.
11

9
 

36
.2

 
0.

00
1

 
48

.5
 

0.
00

1

 
Po

si
tiv

e
 

10
 

60
.0

 
 

40
.0

 
 

48
.0

 
 

34
 

39
.1

 
 

11
.1

 
 

18
.1

 

LV
SI

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
N

o
 

27
2
 

87
.7

 
0.

00
0

 
83

.2
 

<
0.

00
1

 
84

.6
 

<
0.

00
1
 

14
0

 
64

.6
 

<
0.

00
1
 

48
.5

 
0.

00
0

 
66

.0
 

<
0.

00
1

 
Ye

s
 

76
 

63
.9

 
 

55
.8

 
 

65
.1

 
 

19
6

 
38

.6
 

 
23

.9
 

 
33

.3
 

PN
I

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
N

o
 

26
7
 

87
.0

 
0.

00
0

 
83

.1
 

<
0.

00
1

 
85

.4
 

<
0.

00
1
 

15
4

 
59

.6
 

0.
00

1
 

44
.2

 
0.

00
0

 
63

.8
 

0.
00

0

 
Ye

s
 

44
 

57
.2

 
 

45
.5

 
 

49
.6

 
 

16
5

 
40

.4
 

 
24

.2
 

 
30

.9
 

Ex
te

nt
 o

f s
ur

gi
ca

l 
re

se
ct

io
n

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
N

on
-r

ad
ic

al
 

79
 

78
.1

 
0.

03
6

 
71

.3
 

0.
03

5
 

64
.7

 
0.

00
9

 
33

 
38

.7
 

0.
03

6
 

34
.5

 
0.

33
5

 
36

.4
 

0.
02

8

 
Ra

di
ca

l
 

30
2
 

83
.9

 
 

78
.4

 
 

83
.1

 
 

31
9

 
51

.3
 

 
34

.6
 

 
47

.1
 

Ad
ju

va
nt

 tr
ea

tm
en

t
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
N

o-
AT

 
25

8
 

83
.9

 
0.

51
0

 
79

.8
 

0.
07

6
 

78
.3

 
0.

94
6

 
11

4
 

37
.9

 
<

0.
00

1
 

28
.8

 
0.

00
6

 
35

.4
 

<
0.

00
1

 
CT

x
 

82
 

81
.5

 
 

72
.5

 
 

80
.3

 
 

13
3

 
45

.0
 

 
30

.0
 

 
45

.7
 

 
CR

T
 

41
 

79
.3

 
 

69
.4

 
 

84
.3

 
 

10
5

 
67

.8
 

 
45

.2
 

 
56

.9
 

LR
FS

, l
oc

or
eg

io
na

l r
ec

ur
re

nc
e-

fre
e 

su
rv

iv
al

; R
FS

, r
ec

ur
re

nc
e-

fre
e 

su
rv

iv
al

; O
S,

 o
ve

ra
ll 

su
rv

iv
al

; n
, n

um
be

r; 
N

o-
AT

, n
o 

ad
ju

va
nt

 th
er

ap
y;

 C
Tx

, c
he

m
ot

he
ra

py
; C

RT
, c

he
m

or
ad

io
th

er
ap

y;
 

Pr
eo

p,
 p

re
op

er
at

iv
e;

 P
os

to
p,

 p
os

to
pe

ra
tiv

e;
 C

A 
19

-9
, c

ar
bo

hy
dr

at
e 

an
tig

en
 1

9-
9;

 W
D,

 w
el

l d
iff

er
en

tia
tio

n;
 M

D,
 m

od
er

at
e 

di
ffe

re
nt

ia
tio

n;
 P

D,
 p

oo
r d

iff
er

en
tia

tio
n;

 L
VS

I, 
ly

m
ph

ov
as

cu
la

r 
sp

ac
e 

in
va

si
on

; P
N

I, 
pe

rin
eu

ra
l i

nv
as

io
n;

 N
on

-r
ad

ic
al

, c
ho

le
cy

st
ec

to
m

y 
±

 ly
m

ph
 n

od
e 

di
ss

ec
tio

n;
 R

ad
ic

al
, r

ad
ic

al
 c

ho
le

cy
st

ec
to

m
y 

an
d 

ly
m

ph
 n

od
e 

di
ss

ec
tio

n.
 *

Lo
g-

ra
nk

 te
st

.

Ta
bl

e 
2 

Co
nt

in
ue

d



Cancer Biol Med Vol 19, No 6 June 2022 939

recurrence accounted for nearly half of all recurrences in both 

stages II and III–IV if adjuvant treatments were not adminis-

tered (Figure 1), and these findings suggested that the addi-

tion of CRT after curative resection could be a reasonable 

 therapeutic option for resected GBC.

In GBC, disease recurrence after curative resection fre-

quently occurs, ranging from 31.9% to 66.3% in previ-

ous studies2,7,8 and from 18.2% to 60.5% in ours, but the 

optimal adjuvant treatment modalities and their efficacy 

and indications remain unclear. Several studies evaluating 

the role of adjuvant treatments, including CRT and CTx, 

have been performed3,9,12,15,18-22. Kim et al.12 analyzed 151 

patients with resected GBC, and adjuvant CRT was associ-

ated with significantly better LRFS and OS than CTx and 

No-AT in T2-3N1-2M0 stage disease, but not in T2-3N0M0. 

The multi-institutional study by Kim et al.15 of 291 resected 

GBC patients showed that adjuvant CTx/CRT was associ-

ated with improved OS (HR, 0.26) compared with No-AT, 
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Figure 2 LRFS (A and D), RFS (B and E), and OS (C and F) curves among the adjuvant treatment groups in stage II and III–IV patients, 
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Table 3 Multivariate analysis of LRFS, RFS, and OS according to tumor stage

Factors  
 

LRFS  
 

RFS  
 

OS

HR (95% CI)   P value* HR (95% CI)   P value* HR (95% CI)   P value*

Stage II            

 Age            

    ≤ 60 years   1   0.157   1   0.142   1   0.044

  > 60 years   2.07 (0.75–5.70)     1.97 (0.79–4.89)     2.78 (1.02–7.53)  

  N classification            

  N0   1   0.002   1   <0.001   1   0.024

  Nx   3.53 (1.57–7.94)     3.70 (1.81–7.58)     2.55 (1.12–5.76)  

 Preop CA 19-9 level            

    ≤37 U/mL   1   0.181   1   0.125   1   0.580

  >37 U/mL   1.78 (0.76–4.19)     1.81 (0.84–3.86)     1.30 (0.51–3.29)  

 Postop CA 19-9 level            

    ≤ 37 U/mL   1   0.048   1   0.094   1   0.038

  >37 U/mL   3.60 (1.01–12.85)     2.78 (0.84–9.21)     4.27 (1.08–16.91)  

 Resection margin            

  Negative   1   0.001   1   0.001   1   0.002

  Positive   11.11 (2.70–45.65)     10.82 (2.78–42.10)     9.84 (2.25–42.98)  

 LVSI            

  No   1   0.217   1   0.405   1   0.419

  Yes   1.64 (0.74–3.61)     1.35 (0.66–2.78)     1.36 (0.64–2.92)  

 PNI            

  No   1   0.005   1   <0.001   1   <0.001

  Yes   3.25 (1.42–7.40)     3.85 (1.86–7.98)     4.16 (1.91–9.07)  

 Extent of surgical resection           

  Non-radical   1   0.278   1   0.532   1   0.517

  Radical   0.55 (0.18–1.61)     0.74 (0.29–1.87)     0.71 (0.26–1.97)  

Stage III–IV            

 Age            

    ≤ 60 years   1   0.895     0.702   1   0.108

  > 60 years   0.97 (0.63–1.48)     1.07 (0.75–1.53)     1.37 (0.93–2.03)  

  T classification            

  T2   1   0.040   1   0.048   1   0.054

  T3–4   1.64 (1.02–2.64)     1.48 (1.00–2.19)     1.51 (0.99–2.32)  

  N classification            

  N0   1     1     1  
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and the OS benefit by CTx/CRT was significant in patients 

with high-risk features, such as T3–4 disease (HR, 0.41), 

positive lymph nodes (HR, 0.45), and microscopic residual 

disease (HR, 0.21) (P < 0.05). Wang et al.18 analyzed 1,137 

resected GBC patients from the Surveillance, Epidemiology, 

End Results (SEER) database and proposed a nomogram 

Factors  
 

LRFS  
 

RFS  
 

OS

HR (95% CI)   P value* HR (95% CI)   P value* HR (95% CI)   P value*

  N1   2.02 (1.10–3.68)   0.022   1.77 (1.08–2.91)   0.023   1.68 (0.96–2.94)   0.066

  N2   4.30 (2.22–8.29)   <0.001   3.91 (2.24–6.82)   <0.001   4.25 (2.31–7.79)   <0.001

  Nx   39.95 (9.33–170.98)   <0.001   21.56 (5.73–81.05)   <0.001   7.85 (1.62–37.84)   0.010

 Preop CA 19-9 level            

    ≤ 37 U/mL   1   0.789   1   0.895   1   0.128

  > 37 U/mL   1.06 (0.69–1.62)     0.97 (0.67–1.40)     0.73 (0.49–1.09)  

 Postop CA 19-9 level            

    ≤37 U/mL   1   0.002   1   <0.001   1   <0.001

  >37 U/mL   2.18 (1.33–3.56)     2.76 (1.80–4.24)     2.49 (1.59–3.89)  

 Histologic differentiation            

  WD/MD   1   0.402   1   0.126   1   0.229

  PD   1.20 (0.78–1.83)     1.31 (0.92–2.19)     1.26 (0.86–1.85)  

 Resection margin            

  Negative   1   0.889   1   0.153   1   0.320

  Positive   1.05 (0.48–2.31)     1.54 (0.85–2.80)     1.36 (0.74–2.50)  

 LVSI            

  No   1   0.055   1   0.065   1   0.019

  Yes   1.65 (0.98–2.75)     1.46 (0.97–2.19)     1.74 (1.09–2.77)  

 PNI            

  No   1   0.123   1   0.241   1   0.051

  Yes   1.42 (0.90–2.25)     1.25 (0.86–1.81)     1.52 (0.99–2.31)  

 Extent of surgical resection           

  Non-radical   1   0.010   1   0.169   1   0.259

  Radical   0.39 (0.19–0.79)     0.62 (031–1.22)     0.65 (0.30–1.37)  

 Adjuvant treatment            

  No-AT   1     1     1  

  CTx   0.80 (0.50–1.29)   0.366   0.91 (0.60–1.39)   0.687   0.78 (0.51–1.21)   0.280

  CRT   0.28 (0.15–0.51)   <0.001   0.52 (0.33–0.82)   0.006   0.42 (0.25–0.70)   0.001

LRFS, locoregional recurrence-free survival; RFS, recurrence-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; Preop, 
preoperative; Postop, postoperative; CA 19-9, carbohydrate antigen 19-9; LVSI, lymphovascular space invasion; PNI, perineural invasion; 
WD, well differentiation; MD, moderate differentiation; PD, poor differentiation; No-AT, no adjuvant therapy; CTx, chemotherapy; CRT, 
chemoradiotherapy. *Cox proportional hazards model.

Table 3 Continued
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for predicting OS: CRT and CTx were beneficial in patients 

with ≥T2 disease, regardless of lymph node involvement, and 

in patients with T4 or positive lymph node disease, respec-

tively; the OS benefits from CRT for T2-3N0 disease and CTx 

for T4N0 or positive lymph node disease were small, and 

those from CRT for T4N0 or positive lymph node disease 

were large. Similarly, the present study, which included 733 

resected GBC patients from a multi-institutional database, 

also showed that adjuvant CRT significantly improved LRFS, 

RFS, and OS in patients with stage III–IV disease compared 

with No-AT and CTx. In addition, although adjuvant CRT/

CTx did not provide a significant benefit compared with 

No-AT in patients with stage II disease, positive resection 

margin, presence of perineural invasion, and Nx classification 

were significantly associated with worse LRFS, RFS, and OS, 

similar to the findings of previous reports12,15,23. The 5-year 

LRFS, RFS, and OS rates in stage II patients with high-risk 

features, such as positive resection margin, presence of per-

ineural invasion, and Nx classification, were 57.2%–68.7%, 

40.0%–56.7%, and 48.0%–62.6%, respectively, which were 

significantly lower than those (84.1%–87.0%, 79.0%–83.1%, 

and 81.8%–85.4%, respectively, P < 0.05) in stage II patients 

without these high-risk features and similar to those (67.8%, 

45.2%, and 56.9%, respectively) in stage III–IV patients who 

received CRT (Table 2). These findings suggest that stage II 

resected GBC patients with these high-risk features could be 

potential candidates for adjuvant treatments, and further 

studies are warranted.

The role of adjuvant CTx in resected GBC also remains 

unclear6,18,24,25. Subgroup analysis of 112 GBC patients in ran-

domized phase III trials assessing the efficacy of adjuvant CTx 

using 5-FU and mitomycin C for pancreatobiliary cancer after 

surgical resection showed that adjuvant CTx improved OS 

compared with No-AT (5-year OS, 26% vs. 14.4%, P < 0.05), 

but most patients in this study had M1 disease (94% and 100% 

in the CTx and No-AT groups, respectively)6. Recently, a phase 

III randomized controlled trial assessing the clinical outcomes 

of adjuvant CTx with capecitabine compared with No-AT in 

447 resected biliary tract cancer patients, including 79 (17.7%) 

GBC patients, showed that adjuvant CTx improved OS com-

pared with No-AT in the per-protocol analysis (HR, 0.75; 

95% CI, 0.58–0.97; P < 0.05), but the OS benefit of adjuvant 

CTx in the subgroup of GBC was not significant compared 

with No-AT (HR, 0.84; 95% CI, 0.43–1.63; P > 0.05)25. A 

meta-analysis regarding adjuvant treatments for resected bile 

duct cancer showed that the OS benefit from CTx or CRT was 

significantly greater than that from radiotherapy alone [odds 

ratio (OR), 0.39, 0.61, and 0.98, respectively, P = 0.02], and the 

greatest benefit from adjuvant CTx/CRT was in patients with 

positive lymph nodes (OR, 0.49) and microscopic residual dis-

ease (OR, 0.36) (P < 0.05)24. In contrast, an analysis of SEER 

data for GBC (n = 1,137) showed that the OS benefit from CRT 
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was greater than that from CTx and was prominent in T3–4 

disease or positive lymph node disease18. Similarly, the present 

study showed that a statistically significant OS benefit in stage 

III–IV patients was derived from CRT compared with No-AT 

but not from CTx. However, in the present study, CRT signifi-

cantly reduced the rates of locoregional recurrence compared 

with No-AT and CTx in stage III–IV patients (25.7%, 44.7%, 

and 41.4%, respectively, P = 0.002) but did not significantly 

reduce the rates of distant metastasis (39%, 41.2%, and 48.9%, 

respectively, P = 0.233). These findings suggest that recurrence 

at distant sites is still an important failure cause in stage III–IV 

patients even after CRT, and the addition of CTx to CRT may 

be meaningful because it effectively reduces distant metastasis.

The present study had inherent limitations due to the use 

of retrospective data, heterogeneity of treatments in extent 

of surgical resection, details of radiotherapy and chemo-

therapeutic regimens, incompleteness of information on 

performance status and comorbidities of each patient, treat-

ment-related toxicities, and so forth. Probable selection 

bias, the effect of these confounding factors, and treatment- 

related toxicities were not thoroughly addressed, but the 

present study included a relatively large study population 

(n = 733) using a multi-institutional database from KROG to 

minimize probable bias and the effects of confounding fac-

tors, and the heterogeneity of treatments in the present study 

reflected clinical practice in the real world. Furthermore, the 

present study included 112 (15.3%) patients who under-

went cholecystectomy rather than radical cholecystectomy 

and 77 (10.5%) patients who did not undergo lymph node 

dissection, and these may lead to incorrect staging. Thus, 

in the present study, the extent of surgical resection and N 

classification were evaluated, and the prognostic significance 

for LRFS, RFS, and OS and Nx classification was consist-

ently independent significant prognostic factor associated 

with LRFS, RFS, and OS in patients with stages II and III–

IV (Tables 2 and 3). These findings suggest that the com-

pleteness of surgical resection is an important factor related 

with prognosis of GBC patients in the real world. In addi-

tion, although several studies evaluating the role of adju-

vant treatments for resected GBC patients using SEER and/

or multi-institutional databases have been performed18,20,21, 

the present study compared the patient characteristics, pat-

terns of failures, LRFS, RFS, and OS among adjuvant treat-

ment groups according to stage and attempted to identify the 

subgroup most likely to benefit from adjuvant treatments, 

including CRT and/or CTx.

Conclusions

The present study showed that CRT significantly improved the 

LRFS, RFS, and OS of resected GBC patients with stage III–

IV disease. In addition, the LRFS, RFS, and OS rates of stage 

II patients with high-risk features, such as positive resection 

margin, presence of perineural invasion, and Nx classification, 

were similar to those of stage III–IV patients receiving adju-

vant CRT, and recurrence at distant sites was one of the main 

patterns of failures in stage III–IV, even after adjuvant CRT. 

Although the present study did not show the OS benefit of 

adjuvant CRT in stage II patients and the addition of CTx to 

CRT in stage III–IV patients, these findings suggest that fur-

ther studies on CRT for stage II patients with high-risk fea-

tures and the addition of CTx to CRT for stage III–IV patients 

are warranted.
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