
Purpose: The purpose of the study is to analyze the overall survival, relapse-free survival, and relapse 
patterns of adjuvant sequential chemoradiation for gallbladder cancers after curative resection in pa-
tients with poor performance status. 
Materials and Methods: We retrospectively reviewed clinical records of gallbladder patients with 
pathologic stage T2-4 or node positivity treated with sequential chemoradiation at our institute be-
tween January 2015 and January 2019. Sequential chemoradiotherapy protocol consisted of six cy-
cles of gemcitabine 1,000 mg/m2 and oxaliplatin 100 mg/m2 administered every 2 weekly and postop-
erative radiation therapy (45 Gy in 25 fractions over 5 weeks) by three-dimensional conformal tech-
nique. 
Results: A total of 36 patients were included. The median overall survival and relapse-free survival 
was 26 months (95% confidence interval [CI], 21.4–30.5) and 21 months (95% CI, 11.8–30.1), respec-
tively. The 2-year overall and relapse-free survival rates were 55.1% (95% CI, 37.9%–72.3%) and 
44.7% (95% CI, 27.5%–61.9%), respectively. Locoregional, systemic, and combined recurrence were 
noted in 2 (5.5%), 14 (38.8%), and 3 (8.3%) patients, respectively. On univariate analysis, tumour 
grading significantly influenced relapse free survival; nodal stage and overall stage demonstrated a 
statistically significant influence on overall survival (p < 0.05) with a trend towards significance for 
lymphovascular invasion. On multivariate analysis, no significant factors were found. Grade 3 and 4 
haematological adverse events were observed only in 2 (5.5%) with chemotherapy. No grade 3 and 4 
adverse events were observed due to radiation therapy. 
Conclusion: Sequential chemoradiation is feasible and tolerable with acceptable efficacy in the adju-
vant setting in patients unfit for concurrent chemoradiotherapy. 
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Introduction 

Biliary tract cancers constitute a heterogeneous group of neo-

plasms arising from the epithelium of bile ducts. They are classified 

into cancers of the gallbladder and cholangiocarcinomas, which 

can be either intrahepatic or extrahepatic [1]. Cancers of the gall-

bladder account for bulk of biliary tract neoplasms. In India, ac-

cording to the GLOBOCAN 2018, approximately 25,999 new cases 

of gallbladder cancer are diagnosed every year and gallbladder 

cancer ranks 13th among cancer-related mortality. India contrib-
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utes to approximately 12% of the global burden of gallbladder 

cancer [2-4]. Surgery is the definitive treatment for cure for local-

ized resectable cancers which account for approximately 10%–

20% of tumours [5-7]. After curative resection alone, the recur-

rence remains high with the literature review suggesting a locore-

gional recurrence rate of 30%–65% and distant recurrence as high 

as 80% [8,9]. These findings reveal that relapses, both locoregional 

and distant, are common after curative resection, rationalizing the 

consideration of use of radiation and systemic therapy in the adju-

vant setting to reduce the relapse rates and thereby improve the 

survival and quality of life. Various treatment options that have 

been utilized include surveillance, adjuvant chemotherapy, adjuvant 

radiotherapy with or without concurrent chemotherapy, and adju-

vant chemotherapy followed by concurrent chemoradiotherapy 

[10-16]. Lacking adequate high quality prospective clinical evi-

dence comparing adjuvant treatment modalities due to low num-

ber of resected cases, the benefit of adjuvant therapy in these can-

cers is often unclear amid several therapeutic options. Sequential 

chemoradiotherapy consisting of chemotherapy and radiotherapy 

is the adjuvant therapy followed at our institute after curative re-

section in patients who are not fit enough to tolerate concurrent 

chemoradiation. In the present study, we retrospectively analyzed 

the outcomes of those gallbladder cancers treated with adjuvant 

sequential chemoradiation. 

Materials and Methods 

1. Study design and patients 
We retrospectively reviewed records of gallbladder cancer patients 

treated with curative surgery and adjuvant sequential chemoradia-

tion at our institute between January 2015 and January 2019. The 

flow diagram outlining the selection criteria of the study has been 

depicted in Fig. 1. Unresectable and metastatic diseases were ex-

cluded. Perfectly fit individuals treated with concurrent chemora-

diotherapy were also excluded. Sequential chemoradiotherapy is 

being followed in our institute for patients who are not fit enough 

to tolerate concurrent chemoradiotherapy—Zubrod performance 

status 2 or more or with comorbidities. The sequential chemoradio-

therapy protocol included 6 cycles of gemcitabine and oxaliplatin 

and postoperative radiation therapy. Adjuvant therapy was started 

4 weeks after surgery. All patients planned for adjuvant sequential 

chemoradiotherapy were begun treatment with chemotherapy. Ra-

diotherapy was delivered whenever patients obtained their slots in 

the machine. Eighteen patients received radiation after 2–3 cycles 

of chemotherapy and 18 patients received radiotherapy after com-

pletion of 6 cycles of chemotherapy. A gap of 3–4 weeks was al-

lowed between chemotherapy and radiotherapy. Staging of tu-

mours was done retrospectively with the American Joint Commit-

tee on Cancer (AJCC) 8th edition. No study-specific consent form 

was obtained as it was a retrospective analysis. All patients who 

underwent treatment had a valid consent form which included 

permission for use of data and information for research.

2. Chemotherapy protocol 
The chemotherapy regimen consisted of gemcitabine 1,000 mg/m2 

and oxaliplatin 100 mg/m2 administered every 2 weeks for a total 

of 6 cycles. Blood investigations including complete blood count, 

renal function tests, and liver function tests were obtained prior to 

each cycle. Chemotherapy was deferred for a week if total leuco-

cyte count was <3,000 cells/mm3 absolute neutrophil count was 

<1,500 cells/mm3 or platelet count <100,000 cells/mm3. Dose re-

duction was considered if patients developed more than 2 delays or 

grade 3 neutropenia or thrombocytopenia or febrile neutropenia.  

3. Radiotherapy protocol  
A planning computed tomography (CT) scan with intravenous con-

trast with a slice thickness of 3 mm was acquired through the re-

gion of interest with the patient in a supine position using T-bar. 

The target volume for postoperative radiotherapy included the tu-

mour bed and regional lymph nodes. The clinical target volume 

(CTV) tumour bed consists of gallbladder fossa and surgical clips 

with a 1-cm isotropic expansion. Porta hepatis, coeliac, and pa-

ra-aortic nodes were contoured as regional lymph nodes. Porta 

Gallbladder carcinoma registered between
January 2015-January 2019 (n=440)

Records of T2-T4/Node positive/Positive 
resection margins treated with adjuvant 

sequential chemoradiotherapy were 
reviewed 

Excluded patients treated with adjuvant 
concurrent chemoradiotherapy 
and palliative chemotherapy for 
unresectable or metastatic disease 
(n=404)

36 patients meeting the inclusion criteria 
included for analysis

Data analyzed for patients tumor, and 
treatment characteristics, and relapse-free 

survival and overall survival

Fig. 1. Flow diagram depicting the selection criteria of the study.
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hepatis was delineated from bifurcation of portal vein to superior 

mesenteric vein or splenic vein with a 1-cm expansion. The coeliac 

axis encompasses the proximal 1.5 cm of the celiac artery with a 

1-cm expansion. The aorta is contoured from the superior most 

contour of either celiac axis or the portal vein, whichever is more 

superior up to the lower border of the L2 lumbar vertebra. An 

asymmetric expansion is then given from the aorta, 3 cm to the 

right, 1 cm to the left, 2.5 cm to the front, and 0.2 cm to the back 

to create the para-aortic nodal volume. All the nodal volumes are 

fused to generate the nodal CTV. A margin of 1–2 cm in the supe-

ro-inferior direction and 0.5–1 cm laterally are given from the CTV 

to generate the planning target volume (PTV) to account for setup 

and respiration related uncertainties. The organs-at-risk (OARs) 

that were contoured include liver, bilateral kidneys, and spinal cord. 

Radiation therapy was planned by three-dimensional conformal 

radiation therapy technique (3D-CRT) using three fields and deliv-

ered to a total dose of 45 Gy in 25 fractions at 1.8 Gy per fraction 

over 5 weeks. The dose distribution of a patient is shown in Fig. 2. 

4. Follow-up 
After completing adjuvant treatment, follow-up was done once in 

3 months for the first 2 years, then every 6 months for the next 3 

years, and then annually. The follow-up evaluation comprised of 

clinical examination, blood investigations including CA19-9, and 

imaging with ultrasonography and CT as required. 

5. Outcomes assessed 
The primary objective of the study was to estimate the overall sur-

vival and relapse-free survival with sequential chemoradiation. The 

secondary objectives were to assess the relapse pattern, toxicity 

and factors influencing overall survival and relapse-free survival. 

Overall survival and relapse-free survival were calculated from the 

date of surgery to date of death for any reason or to date of last 

follow-up and date of relapse, respectively. Relapses were docu-

mented as locoregional (recurrence in the tumour bed or regional 

lymph nodes), distant (recurrence in distant organs or non-regional 

lymph nodes), or both. 

6. Statistical analysis 
Categorical data were presented as numbers and percentages. Me-

dian and range were used to express the numerical data. Overall 

survival and relapse-free survival were estimated by Kaplan-Meier 

survival method with 95% confidence interval (CI). The cut-off 

date for censoring of patients who were alive was April 2020 and 

survival status were assessed telephonically if patients were unable 

to come for follow-up. A univariate analysis using log-rank test 

and multivariate analysis using Cox proportional hazards model 

were performed to evaluate the prognostic factors having a signifi-

cant impact on overall survival. A p-value <0.05 was considered 

statistically significant. 

Results 

The study included 36 patients of gallbladder cancers who under-

went curative resection and completed adjuvant treatment with 

sequential chemoradiotherapy. The characteristics of the patients 

and the disease were summarised in Table 1. The median age was 

55.5 years. Approximately two-thirds (61.1%) of the cases were fe-

males and one-fourth (25%) had incidentally detected carcinomas 

diagnosed during surgery for gallstone disease. Extended cholecys-

tectomy alone was performed in 86.1% of patients. Wedge resec-

tion of liver, anatomical resection of segments 4b and 5, and right 

hepatectomy were performed in 26 (72.2%), 6 (16.6%), and 4 

(11.1%) patients, respectively. Additional procedures like sleeve du-

odenectomy, pancreatoduodenectomy, and resection of colon were 

performed in 5 patients (13.8%). Adenocarcinoma and squamous 

cell carcinoma histology were present in 88.9% and 8.3% of pa-

tients, respectively. Distribution of patients in various grades of tu-

mour differentiation included: well-differentiated (19.4%), moder-

ately differentiated (72.2%), and poorly differentiated tumours 

(8.3%). The majority of patients were stage IIIA (41.7%) and IIIB 

(25%). Positive resection margins, lymphovascular space invasion, 

and perineural invasion were observed in 5 (13.9%), 7 (19.4%), and 

13 (36.1%) patients, respectively. Approximately 50% of patients 

received radiation therapy after completion of chemotherapy. 

In general, the treatment was well tolerated and compliance 

with the protocol was good. A total of 32 patients (88.8%) com-

pleted no less than four cycles of planned chemotherapy; 25 pa-Fig. 2. Dose distribution.
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tients (69.4%) received all six cycles. The causes for cessation of 

chemotherapy included disease relapse in 5, haematological toxici-

ty in 2, and unknown reasons in 4. Sixteen patients (34.7%) had 

haematological toxicity. Grades 1, 2, and 3 leucopoenia were ob-

served in 4 (11.1), 4 (11.1%), and 1 patient (2.8%), respectively. 

Grades 1, 2, 3, and 4 thrombocytopenia were present in 3 (8.3%), 2 

(5.6%), 1 (2.8%), and 1 (2.8%) patient, respectively. All patients 

completed the radiation therapy without any unscheduled inter-

ruption. The most common toxicities during radiation were grade 1 

skin toxicity and grade 1 vomiting. None of the patients developed 

radiation therapy related grade 3 and grade 4 complications. 

The median follow-up was 21 months (range, 5 to 62 months). 

The median overall survival and relapse-free survival were 26 

months (95% CI, 21.4–30.5) and 21 months (95% CI, 11.8–30.1), 

respectively (Fig. 3A, 3B). The 2-year overall survival was 55.1% 

(95% CI, 37.9%– 72.3%) and the 2-year relapse-free survival was 

44.7% (95% CI, 27.5%–61.9%). Of the 36 patients, recurrences 

were observed in 19 (52.8%) as shown in Table 2. Fourteen patients 

(73.6%) had isolated systemic relapses. Both locoregional and dis-

tant recurrences were seen in 3 patients (15.7%); 2 patients 

(10.5%) had isolated locoregional recurrence. Locoregional recur-

rences were primarily seen as periportal lymph nodes (21%). The 

most common sites of distant metastases included liver (36.8%) 

and peritoneum (36.8%). Fig. 4 summarises the various sites of re-

lapses. Of the 19 relapses, 8 (6 distant, 2 combined) occurred in the 

chemotherapy followed by radiation group and 11 (2 local, 8 dis-

tant, 1 combined) in the sandwich radiation group. Eight patients 

received palliative chemotherapy with capecitabine for relapses, 

whereas 11 patients were kept under best supportive care in view 

of poor performance status and disseminated disease. One patient 

received palliative radiotherapy to a dose of 20 Gy in 5 fractions 

for the abdominal wall deposit. 

A univariate analysis to identify factors influencing relapse free 

survival and overall survival after radical surgery was carried out. 

Table 3 summarises the results of the univariate analysis. The find-

ings revealed that nodal status and overall stage grouping, were 

significantly associated with overall survival (p <  0.05). Grading of 

tumours significantly influenced relapse-free survival (p =  0.007). 

Primary tumour stage and lymphovascular invasion demonstrated 

a close trend for statistically significant association with overall 

survival. The comparison of survival curves based on nodal staging 

is shown in Fig. 5. Further, there was a trend towards better overall 

survival with female sex. All other parameters like positive resec-

tion margin, perineural invasion, poorly differentiated tumours, and 

sequencing of adjuvant therapy (chemotherapy→radiotherapy-

→chemotherapy) though associated with poor survival, did not 

show statistical significance. Table 4 depicts the results of multi-

Table 1. Patient and disease characteristics

Characteristic Value
Age (yr) 55.5 (24–76)
Sex
 Male 14 (38.9)
 Female 22 (61.1)
Incidental detection
 Yes 9 (25.0)
 No 27 (75.0
Type of surgery
 Extended cholecystectomy
  Wedge liver resection 26 (72.2)
  Anatomical liver resection 6 (16.6)
  Right hepatectomy 4 (11.1)
 Additional procedures
  Sleeve duodenectomy 2 (5.5)
  Pancreatoduodenectomy 1 (2.7)
  Resection of colon 2 (5.5)
Histology
 Adenocarcinoma 32 (88.9)
 Adenosquamous 1 (2.8)
 Squamous cell carcinoma 3 (8.3)
Differentiation
 Well differentiated 7 (19.4)
 Moderately differentiated 26 (72.2)
 Poorly differentiated 3 (8.3)
T stage
 T2b 13 (36.1)
 T3 23 (63.9)
N stage
 N0 25 (69.4)
 N1 10 (27.8)
 N2 1 (2.8)
Stage grouping
 IIB 11 (30.6)
 IIIA 15 (41.7)
 IIIB 9 (25.0)
 IVB 1 (2.8)
Resection status
 R0 31 (86.1)
 R1 5 (13.9)
Lymphovascular space invasion
 Negative 29 (80.6)
 Positive 7 (19.4)
Perineural invasion
 Negative 23 (63.9)
 Positive 13 (36.1)

Values are presented as median (range) or number (%).
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variate analysis for survival performed using Cox proportional haz-

ards model. None of the adverse features including grading, resec-

tion status, lymphovascular and perineural invasion have been 

found to be significantly associated with relapse-free survival and 

overall survival with sequential chemoradiotherapy. 

Discussion and Conclusion 

Carcinomas of gallbladder constitute majority of biliary tract neo-

plasms and it is more common in females than males [1-4]. In our 

study, nearly two-thirds of cases were females. As most of these 

patients often present with either unresectable or metastatic dis-

ease, the prognosis is dismal. Among patients who underwent cu-

rative resection, the outcomes are often poor owing to locoregional 

and distant recurrence, justifying the need for adjuvant therapy. 

Though several adjuvant treatments have been tried, yet a standard 

consensus adjuvant approach has not been reached, mainly due to 

lack of robust prospective evidence [10-16]. Though studies utiliz-

ing concurrent chemoradiotherapy with either 5-fluorouracil or 

gemcitabine [11,13,14] are largely available, as such, studies ad-

dressing sequential chemoradiation are very limited. 

The results of our study suggest that sequential chemoradiation 

may be effective and better tolerated in patients requiring adjuvant 

treatment after curative resection and not fit enough to tolerate 

concurrent chemoradiotherapy. Wang et al. [17] reported a median 

survival of 8 months (95% CI, 8–9) with observation in patients 

with T2 and node positive disease postsurgical resection. However, 

with adjuvant radiotherapy, authors reported median survival of 15 

months (95% CI, 13–16) and the 2-year overall survival as 30%. A 
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Table 2. Distribution and pattern of recurrence

Recurrence Value
No recurrence 17 (47.2)
Locoregional 2 (5.5)
Distant 14 (38.8)
Locoregional + distant 3 (8.3)

Values are presented as number (%).
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retrospective study on analysis of efficacy of postoperative adju-

vant radiotherapy on 127 gallbladder patients by Yang et al. [12] 

reported a median survival of 16.9 months for stage III patients. 

Studies with concurrent chemoradiotherapy with fluorouracil 

showed a median survival of 1.9 years [11]. Results of the present 

study with sequential chemoradiation show a median survival of 

26 months (95% CI, 21.4–30.5) and 2-year survival of 55.1% (95% 

CI, 37.9%–72.3%) which may be non-inferior to concurrent 

chemoradiotherapy. A median survival of 35 months and 2-year 

survival rate of 65% (95% CI, 53%–74%) was reported in the 

SWOG trial in which cases of cholangiocarcinomas and gallbladder 

carcinomas were clubbed and received adjuvant chemotherapy fol-

Table 3. Univariate analysis of RFS and OS using log-rank test

Factor 2-yr RFS (%) Median RFS (mo) p-value 2-yr OS (%) Median OS (mo) p-value
Sex
 Male 40 15 0.493 25.7 20 0.087
 Female 48.1 NR 53.7 NR
Age (yr)
 ≤60 41.7 19 0.518 40 24 0.584
 >60 50.9 NR 48.5 26
Grade
 Well/moderately differentiated 48.7 24 0.007 45 26 0.183
 Poorly differentiated 0 8 33.3 18
T stage
 T2b 57.7 NR 0.170 64.5 NR 0.099
 T3 37.3 15 31.1 22
N stage
 N0 47 21 0.202 47.8 27 0.025
 N1 40 24 35 26
 N2 0 7 0 8
Stage
 IIB 63.6 NR 0.219 71.6 NR 0.019
 IIIA 37.3 15 33.9 24
 IIIB 27.8 24 22.2 25
 IVB 0 7 0 8
Resection status
 R0 45.7 24 0.449 44.8 26 0.180
 R1 40 14 40 18
Lymphovascular space invasion
 Negative 54.2 14 0.077 50.1 NR 0.062
 Positive 0 21 0 20
Perineural invasion
 Negative 54.1 18 0.320 47.8 NR 0.994
 Positive 28.8 21 33.8 26
Sequence of treatment
 Chemotherapy followed by radiotherapy 50 24 0.259 44.6 27 0.570
 Chemotherapy→radiotherapy→chemotherapy 38.9 15 41.3 22

RFS, relapse-free survival; OS, overall survival; NR, not reached.

lowed by capecitabine based concurrent chemoradiotherapy. Re-

sults of our study have lower median survival when compared to 

adjuvant chemotherapy followed by concurrent chemoradiothera-

py, which could be attributed to the lack of concurrent chemother-

apy with radiation. However, it must be remembered that in SWOG 

trial, approximately 52% of patients experienced grade 3 and 11% 

experienced 4 adverse events. The most frequently encountered 

toxicities were neutropenia, hand-foot syndrome, diarrhoea, and 

lymphopenia [15] whereas in the present study of sequential 

chemoradiation, only two cases experienced grades 3 and 4 hae-

matological side effects. This suggests that sequential chemo radi-

ation may be an effective suitable option in patients who are not 
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Table 4. Multivariate analysis of RFS and OS using Cox proportional hazards model

Factor
RFS OS

HR (95% CI) p-value HR (95% CI) p-value
Grade
 Well/moderately differentiated 1 1
 Poorly differentiated 4.340 (0.681–27.642) 0.120 1.678 (0.246–11.427) 0.597
N stage
 Node negative 1 1
 Node positive 1.107 (0.399–3.075) 0.845 1.278 (0.437–3.738) 0.654
Resection status
 R0 1 1
 R1 1.484 (0.342–6.433) 0.598 2.011 (0.503–8.030) 0.323
Lymphovascular space invasion
 Negative 1 1
 Positive 1.098 (0.221–5.464) 0.909 1.828 (0.399–8.374) 0.437
Perineural invasion
 Negative 1 1
 Positive 1.383 (0.525–3.643) 0.512 0.890 (0.330–2.404) 0.819

RFS, relapse-free survival; OS, overall survival; CI, confidence interval.

fit enough to tolerate concurrent chemotherapy. 

When we look at the recurrence rates, the published retrospec-

tive studies of radiotherapy or chemoradiotherapy in the adjuvant 

setting have shown a recurrence rate of 39% to 69% in the locore-

gional area and systemic recurrence as high as 80% whereas our 

data with sequential chemoradiation exhibited a locoregional re-

currence rate of 26.3% and systemic relapse rate of 38.8%, similar 

to that reported in SWOG trial in which concurrent capecitabine 

based chemoradiotherapy was used [8-16,18]. Several factors like 

nodal status, T stage, resection margin, lymphovascular invasion, 

perineural invasion, and grade have been shown to influence out-

come in several series [13,16]. The present study also revealed 

grading to influence relapse-free survival and node positivity, and 

overall stage grouping as statistically significant factors influencing 

overall survival on univariate analysis; there was a trend for statis-

tical significance with primary tumour stage and lymphovascular 

invasion. However, resection margins in our study did not have a 

statistically significant impact on survival which may be due to 

small number of patients with positive margins in our study. 

Recently, there had been three prospective randomized trials 

that compared adjuvant chemotherapy versus observation [19-21]. 

The PRODIGE and BCAT trials demonstrated that adjuvant gemcit-

abine-based chemotherapy alone was not superior to observation 

in biliary tract cancers. BILCAP trial, the largest randomized trial to 

date, though did not meet its primary endpoint showed a signifi-

cant overall survival benefit with adjuvant capecitabine according 

to per-protocol analysis. However, in that trial, it was observed that 

the overall survival was considerably higher in the observation arm 

also (60%). 

Based on the BILCAP trial, capecitabine is considered as the new 

standard after surgery and had been incorporated in the American 

Society of Clinical Oncology 2019 guideline. However, all these tri-

als do not have radiation therapy in the adjuvant arms, thus, mak-

ing the contribution of postoperative radiotherapy unclear [22].  

In conclusion, the present study has revealed that sequential 

chemoradiation is a feasible, safe and tolerable regimen with ac-

ceptable efficacy in the adjuvant setting in patients with adverse 

features who are not fit enough to tolerate concurrent chemoradi-

ation. The drawback of our study is retrospective design and no 

comparative arm. In the present situation where adjuvant capecit-
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abine could be considered as a new standard of care based on the 

BILCAP trial, the benefit of radiation therapy is unclear. Therefore, 

prospective randomized controlled trials incorporating adjuvant ra-

diotherapy with chemotherapy are required to confirm the benefit 

of radiation therapy after curative surgery. 
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