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a b s t r a c t

Background: The effect of postsurgical radiotherapy (PSRT) among T1-3 gallbladder cancer (GBC) pa-
tients with one to three lymph node metastases remains controversial. The aim of this study was to
assess the impact of PSRT on gallbladder cancer-specific survival (GBCSS) in patients with stage IIIB.
Methods: The data of GBC patients were obtained from the American Surveillance, Epidemiology, and
End Results (SEER) Data resources between 2004 and 2015. Then, a 1:1 propensity score matching (PSM)
method was performed. GBCSS was compared among all patients. Subgroup analysis was conducted to
identify patients who would benefit from PSRT.
Results: 726 AJCC (8th edition) stage IIIB GBC patients were included. PSRT failed to improve GBCSS
(p ¼ 0.168). Male sex, tumor size � 4 cm and absence of chemotherapy were independent negative
prognostic factors. No significant survival benefit from PSRT was found in any subgroup.
Conclusions: PSRT provides no survival benefit for IIIB GBC.

© 2020 Elsevier Inc. All rights reserved.
Introduction

Gallbladder cancer (GBC) is the sixth most common gastroin-
testinal malignancy and the most common of all biliary tract can-
cers.1 Currently, the only curative treatment for patients with GBC is
complete resectionwith negative margins.2 However, only patients
with American Joint Committee on Cancer (AJCC) stage I and some
stage II GBC are associated with a satisfactory postoperative 5-year
survival rate. Most patients are diagnosed at advanced stages, and
stage III or higher GBC patients rarely experience long-term sur-
vival.3,4 The poor prognosis after surgery is mainly attributed to the
high rate of locoregional recurrence and/or distant metastasis.5,6

The 8th edition of the AJCC staging guidelines are the most
commonly used clinical staging system at present.7 The definition
of the N category in the previous editionwas based on the anatomic
location of lymph nodes, but this has been changed to the number
of metastatic lymph nodes in the 8th edition. Nodal categories are
defined as N1 (1e3metastatic lymph nodes) and N2 (�4metastatic
rgery, West China Hospital,
u, 610041, Sichuan Province,

.-S. Cheng).
lymph nodes).8 When the patient presents with stage T1-T3N1M0,
the TNM stage is classified as stage IIIB. According to current
studies, the overall 5-year survival rate of patients with stage IIIB
GBC is only approximately 20%.9e11

To date, the role of adjuvant radiotherapy has been unclear. The
National Comprehensive Cancer Network (NCCN) guidelines
recommend that adjuvant chemotherapy or chemoradiation is
preferred for postsurgical GBC patients with positive regional
nodes.12 However, the usefulness of adjuvant radiotherapy alone is
not mentioned. The Japanese guidelines for biliary tract cancers
state that although adjuvant radiotherapy is useful based on some
studies, the evidence is weak and thus does not support a recom-
mendation of postsurgical radiotherapy.13 Samuel et al. constructed
a prediction model, which showed that adjuvant radiotherapy
provides a survival benefit in node-positive cases, especially in� T2
GBC patients.14 A recent study from Korea reported that post-
operative radiotherapy might be an effective treatment in terms of
locoregional control in patients with GBC, but this treatment did
not show an overall-survival benefit.15 Thus, the paucity of quality
data to date cannot guide hepatobiliary surgeons or oncologists in
the choice of radiotherapy with or without chemotherapy for GBC
patients with positive lymph nodes.

Whether postsurgical radiotherapy (PSRT) can improve the
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prognosis of T1-3 gallbladder cancer patients with one to three
lymph node metastases remains controversial. The aim of this
studywas to assess the impact of PSRTon cancer-specific survival in
stage IIIB GBC patients and to explore possible predictors for pos-
itive survival outcomes with PSRT.

Methods

Patients and selection criteria

The data of GBC patients were obtained from the American
Surveillance, Epidemiology, and End Results (SEER) 18 Registry
Research Data resources between 2004 and 2015. The SEER data-
base contains information on patient demographics, tumor char-
acteristics, treatment, and follow-up for vital status. In this study,
SEER*stat software (version 8.3.6) was used to identify eligible
patients. The SEER database is freely available with patient ano-
nymization; thus, the approval from the ethics committee was not
required.

The inclusion criteria for selection data in this study were as
follows: 1) tumor stage T1-T3, one to three lymph node metastases
and no distance metastasis at diagnosis (AJCC 8th edition stage IIIB,
T1-3N1M0); 2) age >18 years old; 3) diagnosis was confirmed by
positive histology; 4) only one primary tumor; and 5) surgical
treatment. The exclusion criteria were as follows: 1) missing or
Table 1
The clinicopathological characteristics of postsurgical GBC patients before PSM and after

Variables Before PSM P

PSRT N ¼ 272 No-PSRT N ¼ 454

Age (years)
<70 190 (69.9) 217 (47.8) <
�70 82 (30.1) 237 (52.2)
Race
White 201 (73.9) 355 (78.2) 0
Black 38 (14.0) 47 (10.4)
Othersa 33 (12.1) 52 (11.5)
Sex
Male 80 (29.4) 136 (30.0) 0
Female 192 (70.6) 318 (70.0)
Marital status
Married 178 (65.4) 224 (49.3) <
Unmarriedb 94 (34.6) 230 (50.7)
Grade
I 27 (9.9) 47 (10.4) 0
II 118 (43.4) 175 (38.5)
III 108 (39.7) 204 (44.9)
IV 19 (7.0) 28 (6.2)
Histology
Adenocarcinoma 242 (89.0) 397 (87.4) 0
Othersc 30 (11.0) 57 (12.6)
AJCC T stage
T1 14 (5.1) 21 (4.6) 0
T2 130 (47.8) 217 (47.8)
T3 128 (47.1) 216 (47.6)
No. of LNs positive
1 178 (65.4) 346 (76.2) 0
2 65 (23.9) 76 (16.7)
3 29 (10.7) 32 (7.0)
Tumor size
<4 127 (46.7) 200 (44.1) 0
�4 145 (53.3) 254 (55.9)
Chemotherapy
Yes 239 (87.9) 161 (35.5) <
No 33 (12.1) 293 (64.5)

Data expressed as a number (%).
GBC, Gallbladder Cancer; PSM, propensity score matching; PSRT, Postsrugical Radiothera

a Includes: American Indian/native Alaskan and Asian/Pacific Islander.
b Includes: divorced, separated, single, domestic partner and widowed.
c Includes: epithelial neoplasms, cystic, mucinous and serous neoplasms, squamous ce
incomplete patient data, such as age at diagnosis, radiotherapy
record, chemotherapy record, grade, tumor stage, survival status
and time; 2) radiotherapy other than PSRT; and 3) death due to
causes other than GBC.

The demographics, clinicopathological variables such as marital
status at diagnosis, age at diagnosis, race sex, and the tumor char-
acteristics such as differentiation grade, histological type, AJCC
stage, tumor size, number of positive regional lymph nodes,
chemotherapy record, radiotherapy record, follow-up, and vital
status were collected. The SEER coding system classifies GBC into 4
grades: grade I, well differentiated; grade II, moderately differen-
tiated; grade III, poorly differentiated; and grade IV, undifferenti-
ated/anaplastic. Because most GBC histological types are
adenocarcinoma, the histological subtypes are classified as
“adenocarcinoma” and “others”.

Statistical analysis

Categorical data are presented as counts and percentages.
Pearson’s chi-square test was used to compare the clinicopatho-
logical variables between the postsurgical radiotherapy (PSRT)
group and no-postsurgical radiotherapy (no-PSRT) group. To bal-
ance the baseline characteristics of these two groups, a 1:1 pro-
pensity score matching (PSM) method was performed. The Kaplan-
Meier method with the log-rank test was used to compare GBCSS
PSM.

value After PSM P value

PSRT N ¼ 272 No-PSRT N ¼ 272

0.001 190 (69.9) 179 (65.8) 0.313
82 (30.1) 83 (34.2)

.304 201 (73.9) 208 (76.5) 0.331
38 (14.0) 27 (9.9)
33 (12.1) 37 (13.6)

.887 80 (29.4) 72 (26.5) 0.445
192 (70.6) 200 (73.5)

0.001 178 (65.4) 174 (64.0) 0.720
94 (34.6) 98 (36.0)

.518 27 (9.9) 33 (12.1) 0.321
118 (43.4) 102 (37.5)
108 (39.7) 123 (45.2)
19 (7.0) 14 (5.1)

.540 242 (89.0) 242 (89.0) 1.000
30 (11.0) 30 (11.0)

.949 14 (5.1) 9 (3.3) 0.542
130 (47.8) 136 (50.0)
128 (47.1) 127 (46.7)

.007 178 (65.4) 182 (66.9) 0.929
65 (23.9) 63 (23.2)
29 (10.7) 27 (9.9)

.489 127 (46.7) 129 (47.4) 0.864
145 (53.3) 143 (52.6)

0.001 239 (87.9) 161 (59.2) <0.001
33 (12.1) 111 (40.8)

py; LNs, Lymph Nodes.

ll neoplasms.
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between the PSRT group and the no-PSRT group in all patients and
the subgroup with one to three positive lymph nodes. The hazard
ratios (HRs) with 95% confidence intervals (CIs) for gallbladder
cancer-specific survival (GBCSS) of patients in the PSRT group were
compared with those of in the no-PSRT group via univariate and
multivariate Cox regression models. Parameters with a statistical
significance in the univariate analysis were included in the multi-
variate Cox model. A Cox proportional hazard model was used in
the subgroup analysis to identify patients who would potentially
benefit from radiotherapy. The forest plot was created by GraphPad
Prism 8. A P value of less than 0.05 was considered significant. The
above statistical analyses were calculated by SPSS software (version
24.0) and R software (version 3.2.2).
Fig. 1. Survival curves of stage IIIB gallbladder patients with and without PSRT. (A) All stage I
with two positive lymph nodes; (D) Stage IIIB patients with three positive lymph nodes.
Results

Study population and patient characteristics

A total of 13,361 patients with GBC were found within the SEER
database during the period from 2004 to 2015. According to the
inclusion and exclusion criteria, 726 patients with historically
confirmed AJCC (8th edition) stage IIIB GBC were identified and
included in the final analysis. Of these eligible patients, 272 patients
were received radiotherapy after surgery.

The demographics and clinicopathological characteristics are
summarized in Table 1. Before propensity score matching (PSM),
age, marital status, number of positive lymph nodes and
IIB patients; (B) Stage IIIB patients with one positive lymph node; (C) Stage IIIB patients



Table 2
Univariate and multivariate analysis for GBCSS in patients with one to three LNs positive.

Variables Univariate analysis Multivariate analysis

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

Age (years)
<70 Reference
�70 1.141 (0.921e1.414) 0.227
Sex
Male Reference Reference
Female 0.776 (0.621e0.969) 0.025 0.766 (0.613e0.957) 0.019
Race
White Reference
Black 0.900 (0.653e1.239) 0.518
Othersa 0.999 (0.725e1.376) 0.996
Marital status
Married Reference
Unmarriedb 0.989 (0.801e1.221) 0.918
Grade
I Reference
II 1.023 (0.716e1.461) 0.900
III 1.282 (0.901e1.822) 0.167
IV 1.001 (0.596e1.680) 0.998
Histology
Adenocarcinoma Reference
Othersc 1.147 (0.837e1.570) 0.394
AJCC T stage
T1 Reference
T2 0.764 (0.456e1.281) 0.308
T3 1.621 (0.975e2.695) 0.063
N1
No. of LNs positive
1 Reference
2 1.000 (0.785e1.273) 1.000
3 1.269 (0.918e1.755) 0.150
Tumor size
<4 Reference
�4 1.246 (1.018e1.526) 0.033 1.245 (1.016e1.524) 0.034
Chemotherapy
No Reference Reference
Yes 0.772 (0.615e0.968) 0.025 0.753 (0.600e0.945) 0.014
Radiotherapy
No Reference
Yes 0.852 (0.697e1.042) 0.120

GBCSS, Gallbladder Cancer-Specific Survival; LNs, Lymph Nodes.
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chemotherapy status showed significant differences between the
PSRT and no-PSRT groups. After using PSM to balance the baseline
features of these two groups, each group consisted of 272 patients.
Between the propensity scorematched cohorts, only chemotherapy
showed a statistically significant difference, while the other char-
acteristics were all balanced.

Cancer-specific survival in a 1:1 PSM sample

Among the PSM samples, the median survival was 22 and 19
months in the PSRT and no-PSRT groups, respectively. There were
195 (71.7%) gallbladder cancer-specific death events observed in
the PSRT group and 181 (66.5%) in the no-PSRT group. The 5-year
cancer-specific survival rates were comparable between the two
groups (PSRT 22.0% vs. no-PSRT 23.6%). Kaplan-Meier analysis
showed that postsurgical radiotherapy failed to improve GBCSS
(the log-rank test, p ¼ 0.168) (Fig. 1A). In addition, to determine
whether the difference in the number of positive lymph nodes
affected the prognosis of patients who received radiotherapy after
surgery, PSM cohort patients were divided into three subgroups
based on the number of positive lymph nodes. In the subgroupwith
one positive lymph node, the 5-year cancer-specific survival rate
was 22.8% in the PSRT group and 24.8% in the no-PSRT group. There
was no significant difference in GBCSS between the two groups
(PSRT vs. no-PSRT, 22 vs. 22 months, p ¼ 0.631) (Fig. 1B). In the
subgroup with two positive lymph nodes, the 5-year cancer-
specific survival rate was 22.9% in the PSRT group and 21.4% in
the no-PSRT group. Although the median survival duration was
longer in the PSRT group, the difference in GBCSS is not statistically
significant (PSRT vs. no-PSRT, 24 vs. 15 months, p ¼ 0.084) (Fig. 1C).
In the subgroup with three positive lymph nodes, the 5-year
cancer-specific survival rate was 12.5% in the PSRT group and
13.9% in the no-PSRT group. Postsurgical radiotherapy did not
improve the GBCSS (PSRT vs. no-PSRT, 17 vs. 16 months, p ¼ 0.575)
(Fig. 1D).
Risk factors for cancer-specific survival

To identify risk factors for GBCSS among stage IIIB GBC patients,
univariate and multivariate Cox regression analyses were per-
formed. The results are presented in Table 2. In the univariate
analysis, sex, tumor size and chemotherapy were significantly
associated with GBCSS. These three factors were included in the
multivariate Cox regression model. The results of the multivariate
analysis were consistent with the univariate analysis. Tumor size
�4 cmwas a negative prognostic factor for GBCSS, while female sex
and chemotherapy were positive factors for GBCSS. Radiotherapy
alone after surgery does not help stage IIIB patients to achieve a
better prognosis (HR ¼ 0.852, 95% CI ¼ 0.697e1.042, p ¼ 0.120).



Table 3
Subgroup analyses of radiotherapy effect on GBCSS in patients with different features.

Variables PSRT group death/patients No-PSRT group death/patients HR (95% CI) P value

Age (years)
<70 134/190 121/179 0.826 (0.646e1.056) 0.127
�70 61/82 64/93 0.921 (0.649e1.309) 0.647
Sex
Male 59/80 52/72 0.821 (0.564e1.195) 0.302
Female 136/192 133/200 0.845 (0.665e1.074) 0.169
Race
White 149/201 145/208 0.889 (0.707e1.118) 0.315
Black 24/38 19/27 0.576 (0.313e1.058) 0.075
Othersa 22/33 21/37 0.988 (0.542e1.800) 0.969
Marital status
Married 126/178 120/174 0.842 (0.656e1.082) 0.179
Unmarriedb 69/94 65/98 0.852 (0.607e1.198) 0.358
Grade
I 20/27 18/33 1.222 (0.645e2.314) 0.538
II 81/118 68/102 0.810 (0.586e1.119) 0.202
III 82/108 88/123 0.850 (0.629e1.150) 0.292
IV 12/19 11/14 1.527 (0.668e3.491) 0.316
Histology
Adenocarcinoma 175/242 161/242 0.872 (0.704e1.081) 0.211
Othersc 20/30 24/30 0.719 (0.396e1.304) 0.277
AJCC T stage
T1 9/14 7/9 0.519 (0.179e1.508) 0.228
T2 79/130 72/136 1.058 (0.768e1.456) 0.731
T3 107/128 106/127 0.802 (0.613e1.050) 0.108
No. of LNs positive
1 127/178 120/182 0.919 (0.716e1.180) 0.510
2 46/65 44/63 0.685 (0.452e1.037) 0.074
3 22/29 21/27 0.844 (0.460e1.548) 0.583
Tumor size
<4 86/127 82/129 0.863 (0.637e1.168) 0.339
�4 109/145 103/143 0.840 (0.642e1.101) 0.206
Chemotherapy
No 28/33 75/111 1.025 (0.664e1.583) 0.911
Yes 167/239 110/161 0.867 (0.681e1.103) 0.244

GBCSS, Gallbladder Cancer-Specific Survival; PSRT, Postsurgical Radiotherapy.
LNs, Lymph Nodes.
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Subgroup analysis

In addition, a Cox proportional hazard model was created in the
subgroup analysis to identify the relationship between postsurgical
radiotherapy and GBCSS of stage IIIB patients. The results are
summarized in Table 3 and Fig. 2. No significant survival benefit
from postsurgical radiotherapy was found in any subgroup.

Discussion

The number of positive lymph nodes is an established prog-
nostic factor in patients with several gastrointestinal malignancies,
such as colorectal carcinoma, gastric carcinoma and gallbladder
carcinoma.8,16,17 The updated definition of the N category in the 8th
edition AJCC staging system has further confirmed the importance
of this factor in patients with GBC. The number of node metastases
reflects the tumor burden. Therefore, greater lymph node positivity
is associated with a higher incidence of locoregional spread and
recurrence in patients with GBC making postoperative radio-
therapy an attractive therapeutic option.9,18

In the present study, we investigated the value of PSRT for stage
IIIB GBC patients using data from the SEER database. After using the
PSM method, we found that 87.9% of patients in the PSRT groups
underwent chemotherapy, which was significantly higher propor-
tion than that in the no-PSRT group (59.2%). In our view, the reason
for this difference is that most medical institutions use chemo-
radiotherapy, while few institutions use radiotherapy alone.

Gold et al. performed a retrospective study of GBC patients who
underwent R0 resection. They included patients with T1-3N0-1M0
disease and reported the median overall survival (OS) was no
different in patients treated with surgery and adjuvant chemo-
radiotherapy vs. in those treated with surgery alone.19 Similarly,
Itoh et al. used the Cox regression method to compare the 5-year
survival rate between the resection and radiotherapy and resec-
tion alone for patients with GBC.20 Again, the results revealed no
significant difference.

In our current study, only stage IIIB GBC patients (T1-3N1M0)
were included. Consistent with the aforementioned prior research,
postsurgical radiotherapy did not improve the GBCSS in all stage
IIIB patients.

Moreover, in subgroup analysis, our results found that patients
with a higher number of positive lymph nodes had a worse cancer-
specific survival, but the overall cancer-specific survival consis-
tently remained comparable between the PSRT and no-PSRT sub-
groups. These findings are consistent with a previous study. Hyder
et al. reported significantly improved 1-year survival rates with the
use of adjuvant radiotherapy, and the survival benefit was more
pronounced for N1 disease. However, the benefit was not signifi-
cant at 5 years.21 We believe that the short-term survival benefit
from radiotherapy is due to temporarily controlling locoregional
recurrence.15 However, Jarnagin et al. reported that GBC re-
currences involved a distant site, either alone or concomitant with
locoregional disease recurrence. Thus, it would be difficult to
advocate the routine use of adjuvant radiotherapy for patients with
GBC, given the fraction of patients who experience disease recur-
rence at locoregional sites alone. There would appear to be no
potential benefit, with respect to survival, for the majority of pa-
tients who develop disease recurrence at distant sites.5 Our results,



Fig. 2. The forest plot of HRs comparing GBCSS between the PSRT group and no-PSRT group according to different variables.
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which reveal that postsurgical radiotherapy does not improve the
overall GBCSS in stage IIIB patients, support this opinion.

Through univariate andmultivariate Cox regression analysis, we
found that male sex, tumor size�4 cm, and no-chemotherapy were
independent negative prognostic factors for stage IIIB GBC patients.
In addition, among the 454 patients with no-PSRT, 293 patients
received the postsurgical chemotherapy and 161 patients did not
receive postsurgical chemotherapy. We compared the GBCSS be-
tween these two groups. The postsurgical chemotherapy alone has
significantly improved the survival (Log rank test, p < 0.0001).
These results are consistent with the study of Woods et al. A
nomogram in that study predicted the prognosis of non-metastatic
GBC patients after surgery. That study also revealed that male sex,
larger tumor size, and a lack of chemotherapy predicted a lower
cancer-specific survival rate.22 However, in both the study form
Woods and our current study, radiotherapy was not associated with
better survival. A recent expert consensus from the American
Hepato-Pancreato-Biliary Association states that following R0
resection of T2-4 disease in patients with N1 GBC, patients should
be considered for adjuvant systemic chemotherapy and/or che-
moradiotherapy.23 The outcomes of the present study continue to
support this suggestion for postsurgical stage IIIB (AJCC 8th edition)
GBC patients.

To explore the predictors for choosing of PSRT, subgroup anal-
ysis was performed according to different variables. Unfortunately,
PSRT failed to improve gallbladder cancer-specific survival in any
subgroup of patients. A meta-analysis published by Horgan et al.
showed that radiation therapy is less effective than chemotherapy
plus radiation therapy.24 Moreover, the South West Oncology
Group (SWOG) conducted a phase II intergroup trial of adjuvant
capecitabine and gemcitabine followed by radiotherapy and con-
current capecitabine in patients with GBC. SWOG S0809 reported
that for all patients, the 2-year survival rate was 65% (95% CI, 53%e
74%) and that of R0 and R1 patients was 67% and 60%, respec-
tively.25 A recent clinical practice guideline also recommended that
patients with gallbladder cancer who achieved R1 resection may
undergo chemotherapy plus radiation.26 However, in our study, the
outcomes shown in Table 3 and Fig. 2 (last line) revealed that there
was no significant difference between the subgroups of patients
who received postsurgical chemoradiotherapy and patients who
received postsurgical chemotherapy alone (239 patients vs. 161
patients, p ¼ 0.244). On the other hand, radiation enteritis is a
common side effect after radiotherapy for abdominal malignancies
and can sometimes lead to a reduction in patient quality of life as
well as death.27 Thus, although some studies have reached con-
clusions about the effects of chemotherapy plus radiation therapy
in patients with GBC, our data show that chemoradiation is not
superior to chemotherapy alone for patients with stage IIIB GBC.
Randomized studies are needed to examine the role of chemo-
therapy plus radiation therapy.

There are several limitations in our study. First, the SEER data-
base does not include the status of surgical margins. A positive
surgical margin or R1 resection is an important factor that affects
the prognosis. Additionally, a positive surgical margin could
potentially be an indication for using postsurgical radiotherapy. We
recommend that future studies can be considered only include GBC
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patients with positivemargins, in order to evaluate the role of PSRT.
Second, our study is a retrospective study. Although a PSM method
was used to reduce the confounding factors, selection bias could
not be avoided. Third, the radiation dosage as well as chemotherapy
regimens were varied. The SEER database was not able to provide
the details of systematic adjuvant therapy for each patient.

Conclusion

For stage IIIB GBC patients with one to three lymph nodes me-
tastases, postsurgical radiotherapy does not improve the overall
GBCSS. Moreover, the chemoradiation is not superior to chemo-
therapy alone. Postsurgical radiotherapy alone is not recommended
for stage IIIB GBC patients. A multicenter phase III trial is needed to
clarify the role of radiotherapy in the adjuvant treatment of pa-
tients with stage IIIB GBC.
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