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Original Article

Backgrounds/Aims: Locally advanced gallbladder cancer (GBC) is associated with survival limited to a few months. Extended re-
sections (ER) are occasionally performed in this group and outcomes remain inconclusive. This study assessed outcomes after ER for 
locally advanced GBC.
Methods: Patients who underwent ER for GBC between 2011 and 2020 were reviewed. ER was defined as a major hepatectomy alone 
(n = 9), a pancreaticoduodenectomy (PD) with or without minor hepatectomy (n = 3), a major hepatectomy with PD (HPD) (n = 3) or 
vascular resection and reconstruction (n = 4). We assessed 30-day morbidity, mortality, and 2-year overall survival (OS).
Results: Among 19 patients, negative margins were achieved in 14 (73.6%). The 30-day mortality was 1/9 (11.1%) for a major hepa-
tectomy, 0/3 (0%) for a minor HPD, 2/3 (66.7%) for a major HPD, and 1/4 (25.0%) for vascular resection. All short term survivors (< 6 
months) (n=8) had preoperative jaundice and 6/8 (75.0%) underwent a major HPD or vascular resection. There were five (26.3%) long 
term survivors. The median OS in patients with and without preoperative jaundice was 4.1 months (0.7–11.1 months) and 13.7 months 
(12–30.4 months), respectively (p = 0.009) (2-year OS = 7% vs. 75%; p = 0.008). The median OS in patients who underwent a major 
hepatectomy alone or a minor HPD was 11.3 months (6.8–17.3 months) versus 1.4 months (0.3–4.1 months) (p = 0.02) in patients who 
underwent major HPD or vascular resection (2 year OS = 33% vs. not reached) (p = 0.010) respectively.
Conclusions: In selected patients with GBC, when ER is limited to a major hepatectomy alone, or a minor HPD, acceptable survival 
can be achieved.
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INTRODUCTION

Gallbladder cancer (GBC) is a rare tumor with a worldwide 
incidence rate of 2 per 100,000 [1,2]. However, considerable 
geographic variation is noted and some countries in South 
America and Asia have incidence rates as high as 13.8–21.5 

per 100,000 [3]. Among biliary cancers, it is the most frequent 
type, with the shortest survival from the time of diagnosis [4]. 
GBC has an aggressive behavior with early invasion of adjacent 
organs, regional lymph nodes, and metastasis. As a result, most 
patients are diagnosed at an advanced stage, when curative 
treatment is not possible [5].

While surgical resection is the only curative treatment, ap-
proximately 10%–20% of patients are amenable to resection 
at presentation [6,7]. For complete tumor removal of T3–T4 
GBC, extended resections (ER) such as a major hepatectomy, 
pancreaticoduodenectomy (PD), a combined hepatopancreati-
coduodenectomy or vascular resection and reconstruction are 
an option. These resections are generally associated with high 
morbidity (50%), mortality (20%), and uncertain survival ben-
efit, and are only attempted occasionally [7-9]. Patient selection 
remains a challenge and long term survival is possible in a few 
selected patients.

Without treatment, advanced GBC has an extremely poor 
prognosis and survival is limited to a few months [10]. There is 
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a lack of data on survival after ER for GBC and results remain 
conflicting [7]. The need to improve patient selection and the 
role of ER in advanced GBC remains less well defined. This 
study aimed to assess the results of ERs for patients with ad-
vanced GBC at a single center and looked at factors associated 
with short and long term survival.

MATERIALS AND METHODS

We reviewed patients who underwent curative intent surgery 
for GBC between 2011 and 2020 at our center. A total of 36 
patients were identified. Patients who underwent ER for GBC 
were included (n = 19) in this study. We defined ER as a major 
hepatectomy (> 3 liver segments), a PD, or both with or without 
additional organ resection. In addition, patients requiring arte-
rial or venous resection and reconstruction were also included 
[7]. The remaining 17 patients underwent wedge resection of 
the liver bed with portal lymphadenectomy or ≤ 3 segment liv-
er resection.

All patients with suspected cancer of biliary origin, based on 
their clinical history and laboratory investigations, were staged 
with a computed tomography (CT) chest and dynamic CT scan 
of the liver. After discussion in the multi-disciplinary team 
meeting, further management was planned accordingly. Data 
on demographics, preoperative jaundice and biliary drainage, 

CA19-9, tumor related factors, treatment details, morbidity, 
recurrence and mortality was retrieved from patient files and 
electronic records. Tumor staging was performed according to 
the American Joint Committee on Cancer (AJCC) staging [11]. 
Broadly speaking, ER was considered for T3-T4 GBC in pa-
tients with a good performance status. The decision to perform 
a major hepatectomy was complex and based on the extent of 
hepatic arterial, portal venous, and biliary involvement. Sim-
ilarly, PD was performed when margins from the distal bile 
duct were positive upon an intra operative frozen section, and 
PD was required to achieve negative margins. Gemcitabine 
monotherapy, or in combination with oxaliplatin, was used in 
the adjuvant setting. Patients with positive resection margins 
were also offered radiation therapy postoperative complications 
were graded based on Clavien–Dindo classification and grade 
3A and above complications were recorded [12]. In-hospital 
mortality was defined as death during index hospital admis-
sion after surgical resection. Overall survival was calculated 
from the date of surgery until the last follow up, or death from 

 Table 1. Patient characteristics and treatment received

Characteristic Total (n = 19)

Sex
   Male 12 (63.2)
   Female 7 (36.8)
Preoperative jaundice 15 (78.9)
Preoperative biliary drainage (n = 15) 9 (60.0)
Charlson comorbidity index, median (IQR) 5 (4–6)
Type of surgery
   Right hepatectomy 7 (36.8)
   Central hepatectomy 2 (10.5)
   PD alone 1 (5.3)
   PD + wedge resection 2 (10.5)
   PD + central hepatectomy 2 (10.5)
   PD + extended right hepatectomy 1 (5.3)
   PD + RHA reconstruction 1 (5.3)
   Central hepatectomy + portal vein + RHA reconstruction 1 (5.3)
   Right hepatectomy + portal vein resection 1 (5.3)
   Segment 4–5 resection + RHA reconstruction 1 (5.3)
Postoperative complications (grade ≥ 3) 9 (47.3)
Neo adjuvant chemotherapy 2 (10.5)
Adjuvant chemotherapy 7 (36.8)

Values are presented as number (%).
IQR, interquartile range; PD, pancreaticoduodenectomy; RHA, right 
hepatic artery.

Table 2. Histopathological characteristics of patients who underwent 
extended resections for gallbladder cancer

Histopathological feature Total (n = 19)

pT
   T3 13 (68.4)
   T4 6 (31.6)
pN
   N0 6 (31.6)
   N1 9 (47.3)
   N2 5 (26.3)
Frozen section bile duct
   Positive 8 (42.2)
   Negative 11 (57.8)
Resection margin
   R0 14 (73.6)
   R1 5 (26.4)
Grade (n = 17)
   Well 2 (11.8)
   Moderate 13 (76.4)
   Poor 2 (11.8)
Peri neural invasion
   Present 15 (78.9)
   Absent 4 (21.1)
Vascular invasion
   Present 14 (73.6)
   Absent 5 (26.4)
Liver invasion 17 (89.4)
Histology
   Adenocarcinoma 17 (89.4)
   Adenosquamous carcinoma 2 (10.6)

Values are presented as number (%).
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Table 3. Postoperative morbidity and in hospital mortality in patients with gallbladder cancer after extended resections

Postoperative outcome
Major hepatectomy  

(n = 9)
PD ± wedge resection  

(n = 3)
Major hepatectomy + PD 

(n = 3)
Vascular reconstruction 

(n = 4)

Postoperative complication (grade ≥ 3) 2 (22.3) 0 (0) 3 (100) 3 (75.0)
Liver failure 1 - 1 -
Stroke 1 - - 1
Myocardial infarction 1
Sepsis - - 1 1
Pleural aspiration - - - 1
In hospital mortality 1 (11.1) 0 (0) 2 (66.7) 1 (25.0)
Survival 11.9 (0.2–35.8) 7.7 (6.6–10.1) 0.7 (0.2–1.4) 3 (0.3–13)

Values are presented as number (%), number only, or median (range).
PD, pancreaticoduodenectomy.

Table 4. Characteristics of short term (< 6 months) and long term survivors (> 12 months) after extended resection for gallbladder cancer

Status
Age (yr), 
Sex, CCI

Jaundice Procedure
Organs 

resected

Bile duct/ 
liver 

involved

pTNM  
R status

Peri  
neural  

invasion

Lympho-
vascular  
invasion

FU 
(day)

Short term survivors (< 6 months)
   Deceased, in-hospital,  

   postop. complication
53, M, 7 Yes -CH

-PD
-Sleeve of colon

4 +/+ T3N1M0
R1

Yes Yes 8

   Deceased, in-hospital,  
   postop. Complication

72, M, 6 Yes -RH
-ERC
-Segmental duodenum

3 +/+ T4N1M0
R1

Yes Yes 8

   Deceased, in-hospital,  
   postop. Complication

57, F, 4 Yes -RH
-Portal vein
-Segmental duodenum

3 +/+ T4N1M0
R0

Yes Yes 11

   Deceased, in-hospital,  
   postop. Complication

73, M, 6 Yes -PD
-CH

3 +/+ T3N1M0
R0

Yes Yes 24

   Deceased,  
   postop. Complication

49, F, 6 Yes -PD
-ERH

3 +/+ T3N1M0
R0

Yes Yes 43

   Deceased, cause unknown 71, M, 7 Yes -Seg 4-5 resection
-Rt hepatic artery

2 +/+ T4N2M0
R0

no Yes 60

   Deceased, disease progression 37, M, 2 Yes - ERH 1 +/+ T3N0M1
R0

Yes no 106

   Deceased, liver failure 74, M, 5 Yes - PD
- Rt hepatic artery

2 +/- T4N2M0
R0

Yes Yes 125

Long term survivors (> 12 months)
   Deceased, recurrence 58, F, 4 Yes -Wedge resection

- Portal vein
- Right hepatic artery
-PD

5 +/+ T4N2M0
R0

No No 405

   Alive, with recurrence 59, F, 2 No -RH 1 –/+ T3N2M0
R0

Yes Yes 450

   Alive, no recurrence 72, M, 5 No - CH 1 –/+ T3N1M0
R0

No Yes 540

   Deceased, recurrence 56, M, 2 Yes - RH 1 +/+ T3N1M0
R1

Yes Yes 960

   Deceased, recurrence 45, F, 7 No - RH 1 –/+ T3N2M0
R0

Yes Yes 1050

CCI, Charlson co morbidity index; FU, follow-up; M, male; F, female; CH, central hepatectomy; PD, pancreaticoduodenectomy; RH, right hepatectomy; ERH, 
extended right hepatectomy; ERC, extended right colectomy.
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any cause. Short term survival was defined as survival upto six 
months and long term survival was defined as survival > 12 
months.

Categorical variables were presented as numbers (%). Contin-
uous variables were presented as median (interquartile range) 
and the Mann–Whitney U test was used to determine signifi-
cance. Survival was reported using Kaplan Meier curves and a 
log-rank test was used to determine significance. p-value < 0.05 
was considered statistically significant. All statistical analysis 
was performed using SPSS Statistics for Windows, version 20 
(IBM Corp., Armonk, NY, USA). The hospital ethics commit-
tee approved the study (IRB# 006-22).

RESULTS

Patient characteristics and workup
Among 19 patients who underwent ER for GBC, there were 

12 males (63.2%) and 7 females (36.8%), with a median age 
of 58 years (49–72 years) at the time of surgery. Preoperative 
CA19-9 was available for 10 patients with a median of 261 kU/
L (26.5–1,733 kU/L). Preoperative imaging showed adjacent or-
gan invasion into the liver (n = 18, 94.7%), hepatic vasculature 
(n = 7, 36.8%), hepatic flexure of the colon (n = 4, 21.1%), duo-
denum (n = 2, 10.5%), and pancreas (n = 1, 5.2%). Preoperative 
biliary drainage was performed in 9/15 (60.0%) of the patients 
with endoscopic retrograde cholangiography guided stent 
placement.

Treatment details
Two patients received neoadjuvant chemotherapy (NACT) 

due to locally advanced irresectable disease at presentation 
(Table 1). Out of nine patients who underwent a major hepa-
tectomy alone, two also had a right hemicolectomy. A PD was 
performed without liver resection in two patients. Both these 

patients had a preoperative diagnosis of mid common bile duct 
cholangiocarcinoma, which was later confirmed as GBC on 
histopathology. One of these patients also required a right he-
patic artery (RHA) resection and reconstruction. All patients 
were considered for adjuvant chemotherapy but only seven 
(36.8%) received it.

Tumor characteristics
As shown in Table 2, the majority of tumors were associated 

with positive nodes (n = 14, 73.6%), moderate to poor grade (n 
= 15, 78.9%), peri neural (n = 15, 78.9%), and vascular invasion 
(n = 14, 73.6%).

Morbidity and in-hospital mortality
Major postoperative complications occurred in 8/19 (42.1%) 

patients. The 30-day mortality was 4/19 (21.1%) (Table 3). 
These included one mortality after a major hepatectomy due 
to liver failure, two after a major hepatectomy with PD (HPD) 
due to sepsis and myocardial infarction each, and one after 
vascular resection and reconstruction due to sepsis.

Short term (< 6 months) and long term (> 12 months) survivors
Table 4 shows the characteristics of short and long term sur-

vivors. All eight short term survivors had preoperative jaundice 
with combined hepatic and bile duct involvement in 7/8 (87.5%) 
patients. Among these, six (75.0%) underwent a major HPD 
or vascular resection and reconstruction. One patient under-
went curative resection despite isolated gastric metastasis (M1) 
which was detected intra operatively, due to their young age 
and good performance status. Among the long term survivors, 
2/5 (40.0%) had preoperative jaundice and 4/5 (80.0%) under-
went a major hepatectomy alone.

Fig. 1. Estimated 2-year overall survival after extended resection for 
gallbladder cancer based on the presence (n = 4) or absence (n = 15) of 
preoperative jaundice.
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Fig. 2. Estimated 2-year overall survival with types of extended 
resection for gallbladder cancer (major HPD or vascular resection 
[n = 9] versus major hepatectomy alone or minor HPD [n = 10]). PD, 
pancreaticoduodenectomy; HPD, hepatectomy with PD.
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Patient selection for extended resections
The estimated 2 year OS for the study cohort was 21%. The 

median OS in patients with and without jaundice at presenta-
tion was 4.1 months (0.78–11.1 months) and 13.7 months (12–
30.4 months), respectively (p = 0.009). The estimated 2-year OS 
in these patients was 75% versus 7% (p = 0.008) (Fig. 1).

The median OS in patients who underwent either a major 
hepatectomy alone or minor HPD was significantly longer (11.3 
months [6.8–17.3 months] versus 1.4 months [0.3–4.1 months]; 
p  = 0.02) than patients who underwent HPD or vascular re-
section and reconstruction. The estimated 2 year OS in these 
patients was 33% and not reached (p = 0.010) (Fig. 2).

DISCUSSION

Locally advanced GBC is associated with ≤10% survival at 
one year [13]. The role of ER in these patients is not well de-
fined. In the present study, despite high post-operative mortal-
ity (21.1%), five patients (26.3%) were alive > 12 months after 
resection. Negative surgical margins were achieved in 73.7% of 
patients, and ER in patients without preoperative jaundice was 
associated with an acceptable median survival of 13.7 months. 
Similarly, when ER was limited to major hepatectomy alone or 
minor HPD, median survival was 11.3 months.

Various patient and tumor related factors are associated with 
survival in patients with advanced GBC. Preoperative jaundice 
has been identified as a strong predictor of poor outcomes 
after resection [7,14,15]. Based on the results of a systemat-
ic review, jaundice in GBC is associated with irresectability, 
post-hepatectomy liver failure, bile leaks, and reduced survival 
[16]. However, surgical resection might improve survival in a 
subset of patients with jaundice when compared with no resec-
tion. Regimbeau et al. [17] reported a 1 and 3 year survival of 
48% and 19%, respectively (postoperative mortality = 16%) in 
patients with jaundice who underwent resection. This was sig-
nificantly better than a 1 and 3 year survival of 31% and 0%, re-
spectively (p = 0.001) in patients without resection. In a recent 
Dutch multicenter analysis, Kuipers et al. [7] have shown that 
8/9(88.9%) of short term survivors (< 6 months) after ER for 
GBC had preoperative jaundice. In the current study, all short 
term survivors (n = 8) had preoperative jaundice. The estimat-
ed 2-year OS was 75% versus 7% (p = 0.008) in patients without 
jaundice. However, 2/5 (40.0%) of the long term survivors (> 
12 months) also had jaundice at the initial presentation. We 
believe that in addition to preoperative jaundice, the number 
of organs resected may have an impact on outcomes. Among 
the short term survivors, 7/8 (87.5%) had > 1 organ resection as 
opposed to 1/5 (20.0%) among the long term survivors (Table 
3). It has been shown that in patients with advanced GBC, ac-
ceptable survival can be achieved if tumor extension is limited 
to one of the following: liver, hepato-duodenal ligament, and 
lymph nodes. When two or more of these organs are involved, 
mandating more aggressive resection, survival is poor [18]. We 

also noted that both short term and long term survival was bet-
ter in patients who required either a major hepatectomy alone 
or a minor HPD. Major HPD and vascular resection and re-
construction was associated with short term survival and was 
required more frequently in patients with jaundice. Patients 
with GBC undergoing HPD have a high post-operative mor-
tality (≤ 30%) and a 2-year survival as low as 0% [8,19]. Three 
patients underwent major HPD in the current study and did 
not survive beyond six months. Similarly, vascular involvement 
has been shown to be a strong predictor of survival in GBC [5]. 
Among four patients who underwent vascular resection and 
reconstruction, only one patient survived >12 months in the 
current study. This patient underwent surgery after demon-
strating stable disease with NACT. Therefore major HPD and 
vascular resection and reconstruction might represent an ac-
ceptable option in advanced GBC, only if an objective response 
is seen with neoadjuvant treatment.

The role of chemotherapy, both in the neoadjuvant setting 
and as an adjuvant treatment modality, is being explored. 
While a favorable response and increased resectability has 
been demonstrated with NACT, its routine use remains de-
batable [20]. Similarly, adjuvant chemotherapy (BILCAP trial) 
or chemo radiation might improve survival, particularly in 
node-positive patients, but needs further validation [21,22].

There are certain limitations of the current study. Due to its 
retrospective design, some pertinent information might have 
been missed. The statistical significance of various associations 
like jaundice, combined hepatic and bile duct involvement, and 
the number of organs resected was not possible due to the small 
sample size. Also, the impact of NACT or adjuvant chemother-
apy on outcomes could not be determined. Given that very few 
patients undergo ER for advanced GB cancer, it is difficult to 
determine the impact of chemotherapy in the neoadjuvant or 
adjuvant setting after ER, except in a multicenter setting.

In conclusion, despite high post-operative mortality, five 
(26.3%) patients survived >12 months after ER. Patients with 
poor outcomes had preoperative jaundice, combined hepatic 
and biliary involvement, and invasion of >1 adjacent organs. 
Therefore, acceptable survival can only be achieved with ERs 
in a select group of patients, after careful deliberation regard-
ing high morbidity and mortality.
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