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Biliary tract cancer (BTC) is a heterogenous 
group of neoplasms that includes cholangiocarcinoma 
of intrahepatic, hilar bile duct, distal bile duct, 
perihilar bile duct and gall bladder(1). The prognosis 
for BTC is poor, which has a 5-year survival rate of 
less than 20%(2). Surgery is currently the standard 
of care for patients with localized disease, but even 
those with localized disease have survival rates of 

15% to 30% at five years from registry data, and 
outcomes from surgical series report 18% to 63% 
survival at five years(3-8). Recurrence patterns after 
curative surgery can be found both locally and at a 
distance, and the likelihood of recurrence depends on 
tumor location and surgical outcome. Current data 
support adjuvant treatment including chemotherapy, 
radiation, and chemoradiation (CCRT) to potentially 
control both systemic and local recurrence and 
may improve overall survival (OS)(9-11). Adjuvant 
chemotherapy (AC) has been shown to improve 
OS in comparison to not receiving AC(12). However, 
the comparison between adjuvant CCRT and 
AC’s effectiveness is controversial(13). The current 
National Comprehensive Cancer Network (NCCN) 
guidelines recommend all options including systemic 
treatment and CCRT for resected BTC(14). The aim 
of this study was to assess the clinical outcomes of 
adjuvant CCRT versus AC in patients with resected 
BTC.
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Background: Biliary tract cancer (BTC) has a poor treatment outcome and a high mortality rate because after curative resection, local and distant 
recurrences are frequent. The benefit of adjuvant chemotherapy (AC) for overall survival (OS) is evident when compared with no AC treatment, 
but there is limited data on the comparison between AC and adjuvant chemoradiation (CCRT).

Objective: To assess the clinical outcomes of CCRT versus AC in patients with resected BTC. The end point was to determine the median overall 
survival time (mOS) and median recurrence-free survival time (mRFS) in the CCRT compared with the AC group.

Materials and Methods: A retrospective study was conducted on patients diagnosed with BTC who underwent curative resection and received 
CCRT or AC between January 2016 and December 2021at Khon Kaen Cancer Center, Khon Kaen Hospital.

Results: Fifty patients received CCRT and 80 received AC. The mRFS for the CCRT and AC groups were 15.0 and 10.0 months (p<0.011), respectively. 
The mOS for the CCRT and AC groups were 29.0 and 22.0 months (p<0.001), respectively. CCRT had a significantly better RFS and OS than did 
AC. Univariable analysis showed patterns of recurrences, and types of adjuvant treatments were independent prognostic factors on RFS and OS. 
Additionally, multivariable analysis showed that type of adjuvant treatment and recurrence status were statistically significant improvement in OS.

Conclusion: Adjuvant CCRT showed statistically significant benefits both RFS, and OS compared to AC in patients who underwent curative 
resection for BTC.
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Objective
The aim of the present study was to assess the 

clinical outcomes of CCRT versus AC in patients with 
resected BTC. The end point was to determine median 
overall survival time (mOS) and median recurrence-
free survival time (mRFS) in CCRT compared with 
AC group.

Material and Methods
Study design and patients’ eligibility

The present study was a single-center retro-
spective, including patients diagnosed with BTC, 
intrahepatic bile duct cancer (IHBDC), perihilar bile 
duct cancer (PBDC), distal bile duct cancer (DBDC), 
or gall bladder cancer (GBC) who had undergone 
curative resection between January 1, 2016, and 
December 31, 2021, at Khon Kaen Cancer Center, 
Khon Kaen Hospital. The inclusion criteria were 
patients age older than 18 years who underwent 
curative resection, which was defined as a total 
excision of entire tumor, including the primary tumor 
and associated lymph node drainage fields. Exclusion 
criteria included patients with active second-primary 
cancer within the past five years.

All patients were classified into two groups, 
the AC group, which included those who received 
postoperative chemotherapy and the CCRT group, 
which included those who received post operative 
CCRT. 

Demographic data, type of treatment and 
treatment outcome were collected from electronic 
medical recorded (EMR) and outpatient department 
(OPD) card. Recurrence-free survival (RFS) was 
calculated from the time from initial surgery until 
disease recurrence or death. OS is defined from 
the time from complete surgery until death from 
any cause or last follow up. Investigators evaluated 
tumor recurrence by computed tomography (CT) 
or magnetic resonance imaging (MRI) at intervals 
according to local practice. 

The present study was reviewed and approved 
by the Khon Kaen Hospital Institutional Review 
Board in Human Research, Khon Kaen, Thailand 
(KEXP67013).

Sample size
The study included 130 patients, comprising 

50 individuals receiving adjuvant CCRT and 80 
individuals receiving adjuvant AC. The sample size 
was determined using the sealed envelope program. 
Statistical calculations were based on predefined 
parameters. A significant level (alpha) of 0.05, a 

power (1-beta) of 0.8, and a success rate of 65% in 
both the control and experimental groups, leading to 
the final sample size of 130 participants(15).

Statistical analysis
The patients baseline characteristics were 

reported using descriptive statistics. The RFS 
and OS were presented by Kaplan-Meier method 
and compared using the log-rank test. The Cox 
proportional hazard model was used for multivariable 
analyses to adjust for potential confounding factors. 
The results are presented as hazard ratios (HR) 
and 95% confidence intervals (CI). The chi-square 
test and Fisher’s exact test were used to compare 
baseline characteristics among patients grouped by 
categorical variables. Continuous variables were 
compared using Student’s t-test. The level of critical 
significance was assigned at p-value of less than 0.05. 
The statistical analyses were performed by using IBM 
SPSS Statistics, version 20.0 (IBM Corp., Armonk, 
NY, USA).

Results
Patients’ characteristics and tumor data

One hundred thirty curatives resected BTC 
patients were enrolled. The patient’s characteristics 
are presented in Table 1. Fifty patients received 
CCRT, and 80 patients received AC. The baseline 
characteristic and tumor data had significant 
differences in tumor location, tumor grade, lymph 
node involvement, pathological stage, surgical 
margin, CA19-9 level before surgery, regimen 
chemotherapy and pattern of tumor recurrence. The 
median follow-up period in CCRT and AC groups 
were 30.00 and 22.0 months, respectively. Death 
had occurred in 99 of 130 patients (76%) during the 
follow-up period.

The mRFS was assessed for two groups, the 
CCRT group and the AC group. The mRFS for 
the CCRT group was found to be 15.0 months. In 
contrast, the mRFS for the AC group was determined 
to be 10.0 months. A statistically significant 
difference was observed between these two groups, 
with a p-value of less than 0.011. Univariable 
analysis revealed that adjuvant CCRT significantly 
contributed to prolonging RFS. Furthermore, the 
absence of recurrence was also identified as a 
significant factor. The findings were corroborated 
through multivariable analysis, reinforcing their 
importance (Table 2, Figure 1A).

The mOS was evaluated in two distinct cohorts, 
the CCRT group and the AC group. The CCRT group 
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Table 1. Baseline characteristics and tumor data of resected BTC patients, according to treatment group

Characteristic Total (n=130) Adjuvant chemoradiation (CCRT) (n=50) Adjuvant chemotherapy (AC) (n=80) p-value

Age (years); median (IQR) 63 (56 to 67) 62.5 (56 to 66) 63.8 (58 to 67) 0.848

Men; n (%) 84 (64.6) 31 (62.0) 53 (66.3) 0.620

Smoking; n (%) 65 (50) 25 (50) 40 (50) 1.000

Alcohol consumption; n (%) 42 (32.3) 14 (28) 28 (35.0) 0.406

Body wight (kg); median (IQR) 51 (44.2 to 60.5) 50 (44.2 to 59.7) 52 (46.5 to 60.5) 0.943

BMI (kg/m²); median (IQR) 20.13 (17.9 to24.1) 19.5 (17.9 to 24.1) 20.7 (17.9 to 22.6) 0.680

ECOG performance status; n (%) 0.139

ECOG 0 84 (71.8) 38 (79.2) 46 (66.7)

ECOG 1 33 (28.2) 10 (20.8) 23 (33.3)

Tumor location; n (%) <0.001

Intrahepatic bile duct 53 (40.8) 8 (16.0) 45 (56.3)

Perihilar bile duct 32 (24.6) 19 (38.0) 13 (16.3)

Distal bile duct 26 (20.0) 8 (16.0) 18 (22.5)

Gallbladder 19 (14.6) 15 (30.0) 4 (5.0)

Histology feature; n (%) 0.890

Adenocarcinoma 107 (82.3 42 (84.0) 65 (81.3)

Papillary carcinoma 18 (13.8) 6 (12.0) 12 (15.0)

Tubular carcinoma 5 (3.8) 2 (4.0) 3 (3.8)

Tumor grade; n (%) 0.016

Well 33 (25.4) 19 (38.0) 14 (17.5)

Moderate 52 (40.0) 20 (40.0) 32 (40.0)

Poor 29 (22.3) 9 (18.0) 20 (25.0)

NA 16 (12.3) 2 (4.0) 14 (17.5)

Perineural invasion; n (%) 0.444

Yes 44 (33.8) 17 (34.0) 27 (33.8)

No 64 (49.2) 24 (48.0) 40 (50.0)

NA 21 (16.2) 8 (16.0) 13 (16.3)

Lymphovascular invasion; n (%) 0.273

Yes 78 (60.0) 27 (54.0) 51 (63.7)

No 41 (31.5) 18 (36.0) 23 (28.7)

NA 21 (16.2) 8 (16.0) 13 (16.3)

pT stage; n (%) 0.164

1 6 (4.7) 1 (2.0) 5 (6.3)

2 46 (35.9) 13 (26.5) 33 (41.8)

3 58 (45.3) 27 (55.1) 31 (39.2)

4 18 (14.1) 8 (16.3) 10 (12.7)

pN stage; n (%) <0.001 

0 32 (24.6) 4 (8.0) 28 (35.0)

1 83 (63.8) 35 (70.0) 48 (60.0)

2 15 (11.5) 11 (22.0) 4 (5.0)

Pathological stage; n (%) <0.001 

1 3 (2.3)  1(2.0)  2(2.5) 

2 21 (16.2) 1 (2.0) 20 (25.0)

3 58 (44.6) 30 (60.0) 28 (35.0)

4 48 (36.9) 18 (36.0) 30 (37.5)

Surgical margin; n (%) <0.001

Negative 68 (52.3) 14 (28.0) 54 (67.5)

Positive 62 (47.7) 36 (72.0) 26 (32.5)

BMI=body mass index; ECOG=Eastern Cooperative Oncology Group; NA=not available; IQR=interquartile range
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exhibited an mOS of 29.0 months, while the AC 
group demonstrated a lower mOS of 22.0 months. 
This difference was statistically significant, with 
a p-value of less than 0.001. Univariable analysis 
indicated that adjuvant CCRT was a significant 
contributor to improved OS outcomes. Additionally, 
the absence of recurrence was identified as a crucial 
variable influencing survival. These findings were 
further validated through multivariable analysis, 
highlighting their clinical relevance. Overall, the 
results underscore the effectiveness of adjuvant 
CCRT in enhancing survival in these patient 

populations (Table 3, Figure 1B). 

Discussion
BTC is frequently recurring following surgery 

and has poor prognosis and short survival. Adjuvant 
treatment in BTC after resection is the standard of 
care. Nevertheless, the role of AC and CCRT therapy 
in patients with resected BTC is poorly defined, with 
lack of data from phase III RCTs(16). AC, according to 
the BILCAP study protocol for those who received 
adjuvant capecitabine had better OS and RFS 
compared with observation at 53 versus 36 months 

Table 1. (continued)

Characteristic Total (n=130) Adjuvant chemoradiation (CCRT) (n=50) Adjuvant chemotherapy (AC) (n=80) p-value

CA 19-9 level before surgery; n (%) 0.002

CA 19-9 ≥37 U/mL 44 (34.1) 25 (50.0) 19 (24.1)

CA 19-9 <37 U/mL 85 (65.9) 25 (50.0) 60 (75.9)

CA 19-9 level post-surgery; n (%) 0.227

CA 19-9 ≥37 U/mL 113 (87.0) 46 (92.0) 67 (83.0)

CA 19-9 <37 U/mL 17 (13.0) 4 (8.0) 13(17.0)

Regimen chemotherapy; n (%) <0.001

Fluoropyrimidine (5FU) 67 (52.3) 26 (52.0) 41 (52.6)

Capecitabine 36 (28.1) 24 (48.0) 12 (15.4)

Gemcitabine 7 (5.5) 0 (0.0) 7 (9.0)

S-1 5 (3.9) 0 (0.0) 5 (6.4)

Gemcitabine and cisplatin 10 (7.8) 0 (0.0) 10 (12.8)

5FU and cisplatin 3 (2.3) 0 (0.0) 3 (3.8)

Pattern of recurrence; n (%) <0.001

No 30 (23.1) 22 (44.0) 8 (10.0)

Local 28 (21.5) 5 (10.0) 23 (28.7)

Distance 55 (42.3) 17 (34.0) 38 (47.5)

Both 17 (13.1) 6 (12.0) 6 (12.0)

BMI=body mass index; ECOG=Eastern Cooperative Oncology Group; NA=not available; IQR=interquartile range

Table 2. Relapse free survival outcome

Factor Univariable analysis Multivariable analysis

HR 95% CI p-value Adjusted HR 95% CI p-value

Age (years): ≤60 (ref: >60) 0.99 0.96 to 1.02 0.636

Tumor location: intrahepatic bile duct (ref: other) 0.93 0.75 to 1.16 0.772

Tumor grade: well/moderate (ref: poor) 1.49 0.79 to 2.80 0.211

Lymphovascular invasion: yes (ref: no) 1.08 0.56 to 2.08 0.812

Perineural invasion: yes (ref: no) 0.75 0.42 to 1.35 0.354

pT stage: 1 to 2 (Ref: 3 to 4) 1.00 0.60 to 1.80 0.878

Lymph node involvement: yes (ref: no) 0.99 0.64 to 1.52 0.969

Pathological stage: 1 to 2 (ref: 3 to 4) 0.80 0.40 to 1.60 0.537

Surgical margin: positive (ref: negative) 0.66 0.40 to 1.07 0.930

Recurrence status: no (ref: yes) 0.35 0.25 to 0.49 <0.001 0.12 0.07 to 0.05 0.003

Adjuvant treatment: chemoradiation (ref: chemotherapy) 0.34 0.27 to 0.51 0.001 0.24 0.13 to 0.31 0.002

HR=hazard ratio; CI=confidence interval
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(p=0.028) and at 24.4 versus 17.5 months (p=0.033), 
respectively)(17). Several studies and the systematic 
review and meta-analysis of BTC by Horgan et al.(18) 
in 2012 in patients with resected cholangiocarcinoma 
compared AC to CCRT, which had significantly 
improved OS when compared with surgery alone 
but there was no difference survival in gallbladder 
cancer and bile duct cancers. A retrospective study 
from McNamara et al.(19) compares the effects of 
adjuvant CCRT and AC on BTC. Both adjuvant 
treatments are associated with OS benefit (p=0.020, 
HR 0.41). particularly, positive surgical margin 
(p<0.005, HR 0.23), and lymph node involvement 
(p<0.005, HR 0.46). In data by Nassour er al.(13) that 
compare treatment between those who had received 
adjuvant CCRT compared with chemotherapy, there 
was marginal benefit of CCRT in term of OS at 25 
versus 31 months (p=0.040, HR 0.80). In 2020, Kim 

et al.(15) compare effective of adjuvant CCRT and 
chemotherapy for resected BTC. The present study 
demonstrated the effectiveness of CCRT over AC in 
RFS (p=0.001) but not significant in OS (p=0.222). 
In 2023, Zhu et al.(20) verified data from SEER data 
base showed adjuvant CCRT improved OS when 
compared with AC and favorable prognosis in GBC 
and benefit of CCRT especially in older than 60 years, 
female, lymph node positive, tumor size greater than 
5 cm, and none removed lymph node. Adjuvant CCRT 
may have a significant survival benefit in patients 
with T3 or T4 tumor, lymph node involvement and 
positive surgical margin(21,22). The NCCN guidelines 
recommend adjuvant treatment for lymph node 
involvement and positive surgical margin(14).

The findings in the present study demonstrate 
that adjuvant CCRT is superior in terms of RFS and 
OS compared with adjuvant AC in resected BTC 

Figure 1. Recurrence-free survival (RFS) and overall survival (OS) by adjuvant chemoradiation (CCRT) and chemotherapy (AC). 
Patients treated with adjuvant CCRT had better RFS (A) and OS (B) as compared to those treated with adjuvant chemotherapy.

Table 3. Overall survival outcome

Factor Univariable analysis Multivariable analysis

HR 95% CI p-value Adjusted HR 95% CI p-value

Age (years): ≤60 vs. >60 0.99 0.96 to 1.01 0.443

Tumor location: intrahepatic bile duct vs. other 0.83 0.42 to 1.64 0.451

Tumor grade: well/moderate vs. poor 1.91 1.05 to 3.46 0.320

Lymphovascular invasion: yes vs. no 1.05 0.55 to 1.99 0.876

Perineural invasion: yes vs. no 0.53 0.29 to 0.97 0.734

pT stage: 1 to 2 vs. 3 to 4 0.79 0.47 to 1.32 0.374

Lymph node involvement: yes vs. no 1.02 0.64 to 1.63 0.913

Pathological stage: 1 to 2 vs. 3 to 4 0.58 0.29 to 1.15 0.122

Surgical margin: positive vs. negative 0.75 0.47 to 1.21 0.242

Recurrence status: no vs. yes 0.35 0.25 to 0.49 <0.001 0.18 0.08 to 0.44 <0.001

Adjuvant treatment: chemoradiation vs. chemotherapy 0.42 0.24 to 0.30 <0.001 0.43 0.01 to 0.63 <0.001

HR=hazard ratio; CI=confidence interval
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even with the baseline characteristic difference of 
tumor location, tumor grade, pN stage, pathological 
stage, surgical margin, CA 19-9 before surgery, and 
regimen chemotherapy.

The tumor location affects RFS and OS. In 
the adjuvant CCRT group, the location associated 
with long survival is intrahepatic bile duct (IHD), 
while in AC group, the location associated with 
long survival is gallbladder. This is consistent with 
previous study(20). The majority of patients presented 
with locally advanced disease, AJCC stage 3 and 4 
for 81% of all patients, posing challenges in selecting 
the surgical strategy, thereby influencing both surgical 
results and survival outcomes. For the present study, 
the positive surgical margin was 47%. Factors to 
consider for selecting adjuvant treatment include 
lymph node involvement, positive surgical margin, 
and liver reserve after surgery, as adjuvant CCRT 
can increase the risk of liver failure. In the present 
study locoregional RFS for adjuvant CCRT and 
AC group was 53.79 and 34.13 months (p<0.001), 
respectively(15). The distant RFS for the adjuvant 
CCRT and AC group was 49.19 and 30.58 months, 
respectively. For recurrence pattern, in the CCRT 
group, there was no tumor recurrence more than in 
the AC group, and longer survival is expected if there 
was no tumor recurrence.

The locoregional RFS and distant RFS had 
significantly higher survival in the adjuvant CCRT 
group compared to the AC group. For multivariate 
analysis, the pattern of adjuvant treatment with CCRT, 
well differentiated tumor grade, lymphovascular 
invasion (LVI), positive surgical margin, well 
differentiated tumor grade, and recurrence were the 
significant prognostic factors for RFS. Prognostic 
factors for OS are adjuvant treatment CCRT, well 
differentiated tumor grade, LVI, positive surgical 
margin, and tumor recurrence.

Ther are limitations of the present study. As 
this study is a retrospective cohort study with non-
random distribution of adjuvant treatment, the results 
may be affected by selection bias. The variance in 
chemotherapy regimen between CCRT and AC could 
potentially impact on the survival result. However, 
the present study confirms a survival benefit in RFS 
and OS of adjuvant CCRT compared to AC treatment 
in resected BTC.

Conclusion
The present study findings demonstrate that 

adjuvant CCRT is more effective than adjuvant AC 
in increasing OS and RFS. The favorable prognostic 

factor RFS and OS included well-differentiated tumor 
grade, absence of LVI, clear surgical margins, and 
absence any tumor recurrence. 

What is already known about this topic? 
Adjuvant CCRT provided statistically and 

clinically meaningful improvement of RFS and 
OS in patients with resected early-stage BTC when 
compared to AC.

What does this study add?
This study focused on adjuvant treatment in 

resected BTC. The authors report on the real-world 
clinical outcome of adjuvant CCRT compared with 
AC. This might be the largest real-world evidence of 
adjuvant treatment in Asia population.

Acknowledgement
The authors would like to thank the Division 

of Medical Oncology, Departments of Internal 
Medicine, Khon Kaen Cancer Center, Khon Kaen 
Hospital for publication support.

Conflicts of interest
The authors declare no conflict of interest.

References
1. Ghidini M, Tomasello G, Botticelli A, Barni S, 

Zabbialini G, Seghezzi S, et al. Adjuvant chemotherapy 
for resected biliary tract cancers: a systematic review 
and meta-analysis. HPB (Oxford) 2017;19:741-8.

2. Valle JW, Borbath I, Khan SA, Huguet F, Gruenberger 
T, Arnold D. Biliary cancer: ESMO Clinical practice 
guidelines for diagnosis, treatment and follow-up. Ann 
Oncol 2016;27 Suppl 5:v28-37.

3. Howlader N, Noone AM, Krapcho M, Garshell J, 
Miller D, Altekruse SF, et al., editors. SEER cancer 
statistics review, 1975-2012 [Internet]. Bethesda, 
MD: National Cancer Institute; 2015 [cited 2024 Dec 
5]. Available from: https://seer.cancer.gov/archive/
csr/1975_2012/. 

4. Reddy SK, Clary BM. Surgical management 
of gallbladder cancer. Surg Oncol Clin N Am 
2009;18:307-24.

5. Wade TP, Prasad CN, Virgo KS, Johnson FE. 
Experience with distal bile duct cancers in U.S. 
Veterans Affairs hospitals: 1987-1991. J Surg Oncol 
1997;64:242-5.

6. Hasegawa S, Ikai I, Fujii H, Hatano E, Shimahara 
Y. Surgical resection of hilar cholangiocarcinoma: 
analysis of survival and postoperative complications. 
World J Surg 2007;31:1256-63.

7. DeOliveira ML, Cunningham SC, Cameron JL, 
Kamangar F, Winter JM, Lillemoe KD, et al. 



J Med Assoc Thai  |  Volume 108  No. 6  |  JUNE 2025 476

Cholangiocarcinoma: thirty-one-year experience 
with 564 patients at a single institution. Ann Surg 
2007;245:755-62.

8. Miyakawa S, Ishihara S, Horiguchi A, Takada T, 
Miyazaki M, Nagakawa T. Biliary tract cancer 
treatment: 5,584 results from the Biliary Tract Cancer 
Statistics Registry from 1998 to 2004 in Japan. J 
Hepatobiliary Pancreat Surg 2009;16:1-7.

9. Lim KH, Oh DY, Chie EK, Jang JY, Im SA, Kim TY, 
et al. Adjuvant concurrent chemoradiation therapy 
(CCRT) alone versus CCRT followed by adjuvant 
chemotherapy: which is better in patients with 
radically resected extrahepatic biliary tract cancer?: 
a non-randomized, single center study. BMC Cancer 
2009;9:345. doi: 10.1186/1471-2407-9-345. 

10. Murakami Y, Uemura K, Sudo T, Hashimoto Y, 
Nakashima A, Kondo N, et al. Prognostic factors after 
surgical resection for intrahepatic, hilar, and distal 
cholangiocarcinoma. Ann Surg Oncol 2011;18:651-8.

11. Kim TH, Han SS, Park SJ, Lee WJ, Woo SM, Moon 
SH, et al. Role of adjuvant chemoradiotherapy for 
resected extrahepatic biliary tract cancer. Int J Radiat 
Oncol Biol Phys 2011;81:e853-9.

12. Wirasorn K, Ngamprasertchai T, Khuntikeo N, 
Pakkhem A, Ungarereevittaya P, Chindaprasirt 
J, et al. Adjuvant chemotherapy in resectable 
cholangiocarcinoma patients. J Gastroenterol Hepatol 
2013;28:1885-91.

13. Nassour I, Mokdad AA, Porembka MR, Choti MA, 
Polanco PM, Mansour JC, et al. Adjuvant therapy is 
associated with improved survival in resected perihilar 
cholangiocarcinoma: A propensity matched study. Ann 
Surg Oncol 2018;25:1193-201.

14. National Comprehensive Cancer Network. NCCN 
clinical guidelines in oncology: Biliary tract cancers, 
version 3.2023 [Internet]. 2023 [cited 2023 Dec 1]. 
Available from: https://www.nccn.org/guidelines/
guidelines-detail?

15. Kim H, Heo MH, Kim JY. Comparison of the effects 
of adjuvant concurrent chemoradiotherapy and 
chemotherapy for resected biliary tract cancer. BMC 
Gastroenterol 2020;20:20. doi: 10.1186/s12876-020-
1171-1.

16. Cereda S, Belli C, Reni M. Adjuvant treatment in 
biliary tract cancer: to treat or not to treat? World J 
Gastroenterol 2012;18:2591-6.

17. Im JH, Choi GH, Lee WJ, Han DH, Park SW, Bang 
S, et al. Adjuvant radiotherapy and chemotherapy 
offer a recurrence and survival benefit in patients with 
resected perihilar cholangiocarcinoma. J Cancer Res 
Clin Oncol 2021;147:2435-45.

18. Horgan AM, Amir E, Walter T, Knox JJ. Adjuvant 
therapy in the treatment of biliary tract cancer: a 
systematic review and meta-analysis. J Clin Oncol 
2012;30:1934-40.

19. McNamara MG, Walter T, Horgan AM, Amir E, Cleary 
S, McKeever EL, et al. Outcome of adjuvant therapy in 
biliary tract cancers. Am J Clin Oncol 2015;38:382-7.

20. Zhu Y, Liu X, Lin Y, Tang L, Yi X, Xu H, et al. 
Adjuvant chemoradiotherapy vs chemotherapy for 
resectable biliary tract cancer: a propensity score 
matching analysis based on the SEER database. Eur 
J Med Res 2023;28:310. doi: 10.1186/s40001-023-
01299-w.

21. Borghero Y, Crane CH, Szklaruk J, Oyarzo M, 
Curley S, Pisters PW, et al. Extrahepatic bile duct 
adenocarcinoma: patients at high-risk for local 
recurrence treated with surgery and adjuvant 
chemoradiation have an equivalent overall survival to 
patients with standard-risk treated with surgery alone. 
Ann Surg Oncol 2008;15:3147-56.

22. Park JH, Choi EK, Ahn SD, Lee SW, Song SY, Yoon 
SM, et al. Postoperative chemoradiotherapy for 
extrahepatic bile duct cancer. Int J Radiat Oncol Biol 
Phys 2011;79:696-704.


