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Summary
Background Gallbladder cancer (GBC) is rare but aggressive. The extent of surgical intervention for different GBC
stages is non-uniform, ranging from cholecystectomy alone to extended resections including major hepatectomy,
resection of adjacent organs and routine extrahepatic bile duct resection (EBDR). Robust evidence here is lacking,
however, and survival benefit poorly defined. This study assesses factors associated with recurrence-free survival
(RFS), overall survival (OS) and morbidity and mortality following GBC surgery in high income countries (HIC)
and low and middle income countries (LMIC).

Methods The multicentre, retrospective Operative Management of Gallbladder Cancer (OMEGA) cohort study
included all patients who underwent GBC resection across 133 centres between 1st January 2010 and 31st December
2020. Regression analyses assessed factors associated with OS, RFS and morbidity.

Findings On multivariable analysis of all 3676 patients, wedge resection and segment IVb/V resection failed to
improve RFS (HR 1.04 [0.84–1.29], p = 0.711 and HR 1.18 [0.95–1.46], p = 0.13 respectively) or OS (HR 0.96
[0.79–1.17], p = 0.67 and HR 1.48 [1.16–1.88], p = 0.49 respectively), while major hepatectomy was associated with
worse RFS (HR 1.33 [1.02–1.74], p = 0.037) and OS (HR 1.26 [1.03–1.53], p = 0.022). Furthermore, EBDR (OR 2.86
[2.3–3.52], p < 0.0010), resection of additional organs (OR 2.22 [1.62–3.02], p < 0.0010) and major hepatectomy (OR
3.81 [2.55–5.73], p < 0.0010) were all associated with increased morbidity and mortality. Compared to LMIC, patients
in HIC were associated with poorer RFS (HR 1.18 [1.02–1.37], p = 0.031) but not OS (HR 1.05 [0.91–1.22], p = 0.48).
Adjuvant and neoadjuvant treatments were infrequently used.

Interpretation In this large, multicentre analysis of GBC surgical outcomes, liver resection was not conclusively
associated with improved survival, and extended resections were associated with greater morbidity and mortality
without oncological benefit. Aggressive upfront resections do not benefit higher stage GBC, and international col-
laborations are needed to develop evidence-based neoadjuvant and adjuvant treatment strategies to minimise surgical
morbidity and prioritise prognostic benefit.

Funding Cambridge Hepatopancreatobiliary Department Research Fund.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
*Corresponding author. Consultant Hepatopancreatobiliary Surgeon and Affiliated Assistant Professor, Department of HPB Surgery, Cambridge
University Hospitals NHS Foundation Trust, Hills Road, Cambridge CB2 0QQ, United Kingdom.

E-mail address: ab2031@cam.ac.uk (A. Balakrishnan).

www.thelancet.com Vol 59 May, 2023 1

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by/4.0/
mailto:ab2031@cam.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eclinm.2023.101951&domain=pdf
https://doi.org/10.1016/j.eclinm.2023.101951
https://doi.org/10.1016/j.eclinm.2023.101951
https://doi.org/10.1016/j.eclinm.2023.101951
www.thelancet.com/digital-health


Articles

2

Keywords: Gallbladder cancer; Liver resection; Surgical outcomes; Cholangiocarcinoma
Research in context

Evidence before this study
Gallbladder cancer (GBC) is a rare malignancy worldwide for
which there are no robust data to guide curative strategies.
The benefits of operative intervention on survival from GBC,
particularly more extensive resections, are uncertain. We
searched PubMed from 1st January 1990 to 1st January 2022
for articles in English using the search term “gallbladder
cancer”. There are no randomised trials or large prospective
cohort studies assessing surgical outcomes from GBC.
Retrospective studies using individual national cancer
statistics lacked detail in important confounding factors such
as comorbidities and types of operative intervention. Most
studies featured small patient numbers or centred on high
income countries (HICs), and little information was available
on outcomes from low and middle income countries (LMICs).
Moreover, conclusions from some studies were not consistent
with current guidelines for operative intervention for GBC.

Added value of this study
This is the largest cohort study (n = 3676) examining the
outcomes from surgical intervention for GBC, spanning 133
centres from 41 countries in HICs and LMICs and including
regions with high and low incidence of GBC. Extensive
resections (i.e., major hepatectomy, routine bile duct excision
or resection of other organs) were associated with an excess

risk of significant complications or death for 1 in 4 patients
undergoing these procedures compared to cholecystectomy
alone, with no associated improvement in overall survival.
Higher tumour stage, nodal involvement and positive
margins were associated with poorer prognosis. Liver
resection showed no association with a survival benefit for
the majority of GBC tumour stages and neoadjuvant and
adjuvant treatments were poorly utilised across the whole
cohort.

Implications of all the available evidence
Aggressive surgical approaches for GBC continue to be
practiced globally against international consensus guidelines
and without overall survival benefit. This contemporary study
corroborates findings from previous small studies suggesting
cholecystectomy alone is sufficient for most early stage
tumours. Higher tumour stages and those with nodal
involvement are unlikely to benefit from surgery given the
likelihood of systemic disease, and should be considered for
neoadjuvant treatment modalities. Current outcomes from
surgical management of GBC in LMICs are broadly comparable
to HICs. Multicentre studies via international collaborative
research networks are needed to improve neoadjuvant and
adjuvant management strategies and develop globally
relevant guidelines to improve outcomes from GBC.
Introduction
Gallbladder cancer (GBC) is an aggressive malignancy,
and the most common cancer of the biliary tract.1 There
are substantial variations in incidence worldwide, but
overall it is rare.1,2 There have thus been no randomised
controlled trials (RCTs) or large prospective studies on
GBC to guide surgical intervention. Most studies to date
have been relatively small, and the few larger registry
studies, such as those utilising the SEER database,
contain non-standardized data and insufficient detail to
avoid bias from confounding factors.3,4 Global health
studies have demonstrated disparities between cancer
outcomes in low and middle income countries (LMICs)
and high income countries (HICs), but there is little
data on this for GBC.5

The lack of robust data in this field has resulted in
heterogenous management strategies for different
stages of GBC. One particular area of controversy is the
need for liver resection in addition to cholecystectomy
for pre-operatively diagnosed GBC. Recent meta-
analyses appear to contradict current guidelines on the
need for liver resection for T1b disease, and debate
continues regarding any improvement in recurrence-
free survival (RFS) with liver resection in T2 dis-
ease.3,4,6 There is particular discussion around the
optimal extent of liver resection, which can range from
removing a rim of liver to more major surgery resecting
approximately two-thirds of liver volume.

While neoadjuvant treatment is increasingly used
in oesophageal and rectal cancers to reduce the extent
of surgical intervention and risk of recurrence, it has
been employed much less frequently for GBC, most
probably due to the paucity of sound RCT evidence in
this field.7–9 Indeed, studies indicate that many hep-
atopancreatobiliary (HPB) surgeons globally are more
likely to adopt aggressive surgical options for locally
advanced GBC than follow published consensus gui-
delines recommending systemic treatment, including
a recent survey wherein over 30% stated they would
routinely perform major hepatectomy or extrahe-
patic bile duct resection (EBDR) for higher stage
tumours.10–14 The morbidity of these operations for
patients is considerable, as well as the additional cost
to healthcare systems, and any additional survival
benefit is poorly-defined.13

The aim of this study was to obtain data on the op-
erative management of GBC on a global scale, leveraging
large sample sizes from multiple centres across HICs
and LMICs. Themain objective of the study was to assess
factors associated with RFS and overall survival (OS) for
www.thelancet.com Vol 59 May, 2023
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GBC following surgery with curative intent. A secondary
objective was to assess factors associated with perioper-
ative morbidity and mortality.

Methods
Recruitment, data collection, and inclusion criteria
Collaborating centres were recruited by invitation
disseminated via emails to all members of the three
international HPB associations (the European-African
HPB Association, the Americas HPB Association, and
the Asia–Pacific HPB Association).

Inclusion and exclusion criteria
Patients who had undergone surgery for pre-operatively
diagnosed or incidental GBC (identified following cho-
lecystectomy for benign disease) were included in this
study. Histological staging was classified according to
the 8th American Joint Committee on Cancer (AJCC)
classification (2018) for GBC (Supplementary Table S1a
and b).15 Exclusion criteria were high-grade dysplasia
with no invasive disease, metastatic disease at the time
of surgery, or macroscopic tumour remaining at the end
of resection (R2 resections).

Demographic and pathologic data collection
Clinical parameters, operative details, pathological fi-
ndings as well as follow-up and survival data were ob-
tained from institutional databases. Comorbidities were
incorporated in the Charlson Comorbidity Index (CCI).
Country income levels were classified according to the
four 2021 World Bank categories of high income
countries (HICs) and upper-middle, lower-middle or
low income countries (the latter three groups amal-
gamated to a single category of low or middle income
countries, LMICs).16 Incidence of GBC was determined
using Globocan 2020 data, using the top quartile (≥1.1
GBC cases per 100,000 population) as the threshold for
“high” incidence on multivariable analyses.2

Operative details
Extent of surgery was defined as cholecystectomy only
(liver resection not performed), wedge resection (taking
a margin of liver at the gallbladder bed), resection of
liver segments IVb and V, or major hepatectomy (right,
extended left or extended right hemihepatectomy). Data
was also obtained on EBDR, resection of additional or-
gans and surgical approach (open, robotic or laparo-
scopic, the latter two classified as “minimally-invasive”).
Complications occurring either within 30 or 90 days of
surgery were classified using the Clavien-Dindo scale
(Supplementary Table S2).17

Follow-up and survival
OS was defined as the interval between the date of
surgery for GBC (for patients who underwent further
surgery for incidental GBC, the date of the second op-
eration was used) and the date of death, obtained from
www.thelancet.com Vol 59 May, 2023
hospital or government records at the time of study
closure. RFS was defined as the time interval between
the date of surgery and either the date of first identifi-
cation of recurrence on imaging or histology or the date
of most recent imaging excluding recurrence.

Ethical approval
Institutional and ethical approval was obtained from the
Research and Development Office at Cambridge Uni-
versity Hospitals NHS Foundation Trust (the lead site)
and the United Kingdom Research Ethics Committee
(IRAS ID 285918). Informed consent from patients was
deemed unnecessary by the ethics committee for this
retrospective study. Other participating centres obtained
further institutional and national approvals as needed.
This study was conducted and reported in compliance
with the STROBE guidelines for cohort studies.18

Statistical analysis
Median follow up was calculated from the Kaplan–Meier
estimate and associated 95% confidence intervals. Pu-
tative prognostic parameters for RFS, OS, morbidity and
mortality covering demographic, oncological and
treatment-related factors were identified from the liter-
ature. Association between these parameters and RFS
and OS was assessed using Cox proportional hazards
multivariable regression models, with all relevant as-
sumptions met. Multivariable logistic regression was
performed to assess associations with morbidity and
mortality, using the complications within the first 30
days after surgery with a Clavien–Dindo score of IIIA
and above as a binary endpoint, termed “30-day severe
morbidity and mortality”. The parameter “income”
showed collinearity with “regional GBC incidence”,
while “minimally-invasive approach” showed collin-
earity with T, N and R stage, and thus those combina-
tions of parameters were not used as variables in the
same multivariable model. Model selection was per-
formed using Akaike Information Criterion (AIC)-based
stepwise methods.

Sensitivity analyses were performed replicating mul-
tivariable analyses using individual T-stages to assess
applicability of findings from the whole cohort analysis.
Subgroup univariable analysis was performed to assess
effects of extent of liver resection on RFS and OS by
T-stage, and effects of chemotherapy on RFS and OS
for individual AJCC stages. Chi-squared tests and Fi-
sher’s exact test were used to assess for significant dif-
ferences between categorical variables on subgroup
analyses.

All statistical analyses were conducted in R statistical
software.

Role of the funding source
The funder had no role in study design, data collec-
tion, data analysis, data interpretation or writing of the
report.
3
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Results
A total of 4138 patients were identified who had under-
gone surgery for GBC at 133 participating centres in 41
countries, between 1st January 2010 and 31st December
2020 (Fig. 1). Three hundred and eighty-four patients
with macroscopic tumour remaining after surgery or
metastatic disease and 78 patients with only high-grade
dysplasia were excluded, leaving a final total of 3676
patients for analysis (n = 2787 from HIC, Table 1,
Supplementary Tables S3 and S4). Median age at time of
surgery was 66 (interquartile range 58–74) years. OS and
RFS were available for 3626 and 2993 patients respec-
tively. Median follow-up duration was 45.3 (interquartile
range 24.1–80.5) months. Median OS and RFS for
the full cohort were 51.2 (49.3–52.8) months and
35.2 (34.3–36.9) months, respectively. HICs had a lower
incidence of GBC than LMICs (Supplementary
Table S3), and treatment in HICs was associated with
worse RFS compared to LMICs (HR 1.18 [95% CI
1.02–1.37], p = 0.031), but not OS (HR 1.05 [0.91–1.22],
p = 0.48, Fig. 2). Fewer patients undergoing surgery in
LMICs had significant comorbidities (CCI scores of 7
and above) compared to those in HICs (4.6%, n = 42, vs
17.6%, n = 492 respectively, p < 0.0010, Supplementary
Table S3). When income was substituted with national
GBC incidence within the multivariable model, treat-
ment in countries with a high GBC incidence, vs low,
was associated with better RFS and OS (HR 0.86
[0.76–0.97], p = 0.015 andHR 0.85 [0.75–0.96], p = 0.0070
respectively).
Fig. 1: Distribution of countries participating in the OMEGA study (
standardized incidence rates (ASR) of gallbladder cancer per 100,0
Agency for Research on Cancer’s GLOBOCAN database, ref. 2, IARC.
RFS and OS are primarily associated with T-stage,
N-stage and margin status
Higher T stage, nodal involvement and positive margins
were associated with greatest risk of impaired OS and
RFS on multivariable analysis (Fig. 2, Supplementary
Fig. S1a–c). Nx status (no nodes resected) conferred a
hazard ratio on RFS similar to that of N1 disease (HR
1.97 [1.59–2.44], p < 0.0010 and HR 1.90 [1.65–2.17],
p < 0.0010), and occurred less frequently in LMICs
(7.9%, n = 70 vs 13.6%, n = 379, p < 0.0010). T2b disease
(tumours on hepatic side of the gallbladder, n = 276)
was associated with poorer survival compared to T2a
(tumours located on the peritoneal side, n = 239) on
subgroup analysis, with 3 year RFS of 54.5% ± 4.3% vs
67.7% ± 4.3%, p = 0.0030, and 3 year OS 68.0% ± 3.6%
vs 77.7% ± 3.4%, p = 0.044, however numbers of pa-
tients undergoing specific interventions in these two
groups were too small for further comparative analyses
(Supplementary Table S5).

Addition of liver resection (wedge resection, segment
IVb/V resection or major hepatectomy) was not associ-
ated with improved RFS or OS compared to cholecystec-
tomy alone on multivariable analysis of the entire cohort,
or multivariable analysis of individual T-stages in sen-
sitivity analyses (Fig. 2 and Supplementary Fig. S2a–e).
Multivariable analysis of patients with N0 disease only
similarly failed to identify an associated improvement in
RFS for liver resection over cholecystectomy alone for any
T-stage (data not shown). On subgroup univariable anal-
ysis, wedge resections and segment IVb/V resections
marked by red squares) superimposed on estimated global age-
00 individuals. Adapted with permission from the International
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Variable Number of
patients (%)

Sex - Male 1252 (34.1%)

Agea

<40 108 (2.9%)

40–59 936 (25.4%)

60–79 2269 (61.7%)

≥80 360 (9.8%)

Income level

High 2787 (75.8%)

Non-high 889 (24.2)

Upper middle 363 (9.9%)

Lower middle 516 (14.0%)

Low 10 (0.3%)

Incidence of GBC

High (≥1.1 cases per 100,000 population) 1456 (39.6%)

Low (<1.1 cases per 100,000 population) 2220 (60.4%)

Charlson Comorbidity Index

0–3 1500 (40.8%)

4–6 1642 (44.7%)

7–10 287 (7.8%)

>10 25 (0.7%)

Unknown 222 (6.0%)

pT categoryb

pT1a 187 (5.1%)

pT1b 403 (11.0%)

pT2 1700 (46.2%)

pT3 1186 (32.3%)

pT4 200 (5.4%)

pN categoryb

N0 1874 (51.0%)

N1 1081 (29.4%)

N2 272 (7.4%)

Nx 449 (12.2%)

pR categoryc

R0 3187 (86.7%)

R1 472 (12.8%)

Unknown 17 (0.5%)

Data is presented as absolute number (percentage). Abbreviation: GBC –

gallbladder cancer. aAge at time of cholecystectomy. bAJCC definitions presented
in Supplementary Table S1a. cR1 indicates positive margins on resection.

Table 1: Demographic data, with percentages in brackets.

Articles
were associated with improved RFS compared to chole-
cystectomy alone for T2 disease only (HR 0.59 [0.47–0.76]
and HR 0.78 [0.61–0.99], p < 0.0001, Fig. 3).

EBDR was not associated with improved RFS or OS
across the whole cohort (HR 1.00 [0.88–1.15], p = 0.95
and HR 1.10 [0.96–1.89], p = 0.28 respectively, Fig. 2) or
for any individual T-stage (Supplementary Fig. S2a–e).
Resection of other organs including pancreas, stomach
or colon was not associated with better RFS on multi-
variable analysis (HR 1.20 [0.97–1.49], p = 0.086) but
was associated with worse OS (HR 1.26 [1.03–1.53],
p = 0.022, Fig. 2).
www.thelancet.com Vol 59 May, 2023
Extended resections confer the greatest risk of
morbidity and mortality
All-cause 30-day and 90-day mortality was 1.9% (70 pa-
tients) and 4.1% (149 patients) respectively. The most
common specific causes of 90-day mortality were liver
failure (n = 29, 19.5%) especially following major hep-
atectomy (n = 25 patients), and haemorrhage (n = 18,
12.1%). Major hepatectomy and resection of additional
organs were each independently associated with
increased 30-day severe morbidity and mortality on
multivariable logistic regression analysis (OR 3.81
[2.55–5.73], p < 0.0010, and OR 2.22 [1.62–3.02],
p < 0.0010 respectively, Fig. 4). EBDR was associated
with a more than two-fold increased risk of bile leak by
(18.9% vs 7.6%, p < 0.0010), as well as increased 30-day
severe morbidity and mortality (OR 2.86 [2.32–3.52],
p < 0.0010, Fig. 4). No difference was noted between
HICs and LMICs in the rate of 30-day severe morbidity
and mortality on multivariable analysis (Fig. 4).

Low utilisation of neoadjuvant or adjuvant
treatment modalities
Only 2.4% of patients (n = 90) received neoadjuvant
chemotherapy, while none received neoadjuvant radio-
therapy (Supplementary Table S4). Adjuvant chemo-
therapy (received by 1212 patients, 33.0%) was not
associated with improved RFS on multivariable analysis
of the whole cohort (HR 1.01 [0.89–1.15], p = 0.85), but
was associated with improved OS (HR 0.80 [0.70–0.91],
p = 0.0010, Fig. 2, regimes shown in Supplementary
Table S6). On subgroup analysis by AJCC stages, adju-
vant chemotherapy was associated with higher RFS for
stage IVB disease (patients with N2 disease, p < 0.0010)
and higher OS for patients with disease stages IIIB and
above (p < 0.05, Supplementary Tables S1b and S7).
Adjuvant radiotherapy (received by 158 patients, 4.3%,
Supplementary Table S4) was not associated with
improved OS (HR 0.90 [0.70–1.15], p = 0.38) or RFS
(HR 0.97 [0.77–1.22], p = 0.81) for the overall cohort on
multivariable analysis, or for any individual T stage on
subgroup analysis (p > 0.050, Fig. 2 and Supplementary
Fig. S2a–e). Adjuvant chemotherapy was received by
almost twice the proportion of LMIC patients compared
to HIC patients (50.5%, n = 449, vs 27.4%, n = 763,
p < 0.0010) but a smaller proportion of LMIC patients
received radiotherapy (3.7%, n = 33, vs 4.5%, n = 125,
p = 0.020, Supplementary Table S4).
Discussion
In this largest, contemporary study of surgical resection
for GBC in multiple tertiary international institutions,
we demonstrate that higher tumour stages, nodal
involvement and positive margins were associated with
poorer survival, and liver resection was not conclusively
associated with improved survival over cholecystectomy
alone. Major hepatectomy, EBDR or additional organ
5
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Fig. 2: Forest plots and multivariable Cox proportional hazard regression analysis of factors influencing RFS (A) and OS (B). EBDR –

extrahepatic bile duct resection, CI – confidence intervals.
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Fig. 3: Recurrence-free survival (RFS) curves for T1a (A), T1b (B), T2 (C), T3 (D) and T4 (E) stages of GBC according to extent of surgery
performed. CO – cholecystectomy only, WR – wedge resection, SR – segment IVb/V resection, MH – major hepatectomy. Censored numbers in
brackets. p-value of Kaplan–Meier curve calculated by log-rank test and hazard estimates by univariable Cox proportional hazards model
compared to “cholecystectomy only”.
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Fig. 4: Forest plot and multivariable logistic regression analysis of factors influencing 30-day severe morbidity and mortality (Clavien-
Dindo Grade IIIA and above). EBDR – extrahepatic bile duct resection, CI – confidence intervals, OR – odds ratio.
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resection were all associated with significant increases
in morbidity and mortality with no associated
improvement in survival, and adjuvant and neoadjuvant
treatment options were infrequently utilised.

While T1a tumours are considered treatable by cho-
lecystectomy alone, current guidelines recommend liver
resection for stage T1b, hitherto considered aggressive
tumours based on SEER registry data reporting low
survival rates.6,11,12 This may, however, be due to un-
dersampling of the gallbladder in some centres, result-
ing in underdiagnosis of true cases of T2 disease.
Indeed more recent studies including a meta-analysis
have shown better survival rates for T1b tumours and
good outcomes associated with cholecystectomy
alone.4,19 Our data support these latter findings showing
no benefit associated with liver resection for T1b dis-
ease. Variation in survival data for early stage tumours
may also be related to substantial subjectivity and
geographic differences in the pathological classification
of non-invasive vs minimally invasive (T1) carcinomas,
and international collaborations are underway to estab-
lish standardized descriptive criteria to better charac-
terize the behaviour of early GBC.20

There is more consistency between the literature and
current guidelines for T2 tumours, suggesting a potential
benefit for liver resection, but any associated survival
benefit is only shown on univariable analysis and lost on
multivariable analysis in our study and others.11,12,21 This
may partly be explained by confounding effects of positive
margins, nodal status or comorbidities on univariable
analysis. A more pertinent issue may be that the hazard
benefit associated with liver resection in T2 disease in our
multivariable analysis was small, and would require a
study population of approximately 3367 patients with T2
disease to identify a significant difference in RFS – un-
likely to be easily achieved given the rare nature of GBC.
Tumour location within the gallbladder (hepatic vs peri-
toneal side) has also been postulated to affect survival, but
although T2b disease was associated with worse RFS in
our study compared to T2a, this was not corroborated in a
recent meta-analysis.1,3 A recent development that may
also influence the benefit associated with liver resection is
the identification of prognostic correlation between sub-
stages of tumour depth (which can range from several
microns deep to those several centimeters in depth for T2
disease).15,22 More studies are clearly warranted to better
risk stratify subgroups likely to benefit from liver resec-
tion, and until then we would advocate that liver resection
should continue to be performed for T2 disease with
judicious patient selection.

Liver resection in T3 and T4 tumours was not asso-
ciated with improved OS or RFS. While it could be
argued that the T4 cohort had insufficient patient
numbers to detect an associated survival benefit, this
was not a limitation for the much larger T3 cohort. The
greater likelihood of nodal and margin involvement and
micrometastatic spread at higher disease stages may
therefore obviate any benefit from liver resection at
higher tumour stages, corroborating similar findings
from other studies.13,23 These data should not be inter-
preted to suggest that cholecystectomy alone should be
considered sufficient treatment for these higher stages
of disease, but rather that these patients may benefit
more from neoadjuvant chemotherapy rather than
upfront surgery.

More extensive liver resection, specifically major
hepatectomy, was associated with the highest risk of
morbidity and mortality in this study, predominantly
due to liver insufficiency, consistent with previous data
on this procedure for other tumour types.24 It was not
possible to draw any conclusions regarding the benefit
of segment IVb/V resections over wedge resections in
www.thelancet.com Vol 59 May, 2023
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this study, as the exact extent of resection performed in
each of these two procedures in practice may be
imprecise. Our findings correlating extent of resection
with increased morbidity would suggest that, where
appropriate, the least extensive liver resection necessary
to achieve clear margins should be performed. EBDR
was associated with increased complication rates and
poorer RFS, corroborating a recent meta-analysis, and
possibly due to post-operative morbidity jeopardising
adjuvant treatment.14 For the majority of patients EBDR
is therefore either unnecessary due to early stage dis-
ease, or insufficient in higher stages to clear lymphatic
and perineural tumour involvement along the biliary
tract, and hence these procedures, as for other extended
resections such as major hepatectomy, should be very
selectively adopted in centres with appropriate exper-
tise.11,12 Notwithstanding the above controversies
regarding extent of liver resection, there is far greater
consensus regarding the importance of lymph node
assessment for staging and adjuvant treatment. Nodal
status was strongly associated with RFS and OS, leading
us to concur with recommendations that all patients
undergoing surgery for T1b GBC and above should have
adequate regional lymphadenectomy, and those not
undergoing surgery should have endoscopic or radio-
logic nodal staging to guide further treatment.11,12

Downstaging or neoadjuvant therapy is now fre-
quently used in other gastrointestinal malignancies
such as rectal and oesophagogastric cancer to improve
tumour-free margins and OS.7,8 This has been recom-
mended for GBC for higher disease stages, but remains
very infrequently used in standard practice globally and
often biased towards academic centres.11,12,25 Recent
studies have shown an association between neoadjuvant
chemotherapy and improved RFS following subsequent
surgery, and results of ongoing RCTs are eagerly
awaited.25–28 Adjuvant chemotherapy in this study was
associated with improved OS for T3 and T4 disease but
not for RFS, however this may have been related to
small patient numbers and multiple treatment regi-
mens. Both adjuvant chemotherapy and radiotherapy
were infrequently used in our study, possibly due to
availability or post-operative fitness, but also influenced
by relatively little evidence for adjuvant chemotherapy
until the per-protocol analysis of the BILCAP phase III
study demonstrating a benefit for capecitabine vs
observation alone for biliary tract cancers (of which 18%
had GBC).9,11,12 No RCTs exist for adjuvant radiotherapy,
and current recommendations for radiotherapy for pa-
tients with R1 margins are based on retrospective
studies and the single-arm SWOG S0809 trial.29 Future
trials focusing specifically on GBC alone, exploring tar-
geted therapies in the context of comprehensive (and
even potentially region-specific) genomic profiling, or
incorporating newer strategies such as immune check-
point inhibitors showing promising results in advanced
www.thelancet.com Vol 59 May, 2023
biliary tract cancers, may identify better roles for these
approaches in addition to surgical intervention.30

We noted some interesting differences between GBC
management in patients from HICs and LMICs in this
study, for example the association of poorer RFS with
HICs, possibly related to surveillance bias due to
insufficient or inconsistent access to early surveillance
imaging in LMICs.5 Our study covered many centres
across a range of healthcare systems with varying
models of healthcare funding and service delivery
however, and therefore many other environmental and
socioeconomic factors may play a contributory role.
Further studies are clearly needed to explore cancer
outcomes from LMICs in greater detail, nevertheless
this study has now established a GBC research network,
incorporating both HICs and LMICs, likely to prove
beneficial in initiating future collaborative trials and
ensuring that any new treatment guidelines are appli-
cable on an international scale.

The key strength of this study resides in the large
patient cohort from multiple international centres,
incorporating sufficient detail, such as comorbidities,
often missing from large national cancer registries. Ne-
vertheless there are some unavoidable limitations. Some
countries remain under-represented, and the deliberate
inclusion of only HPB specialist cancer centres may have
missed some patients (particularly T1a tumours) who
underwent cholecystectomy at non-specialist hospitals
and were never referred. The reason for cholecystectomy
was not always available, and therefore comparisons be-
tween outcomes from incidental vs per primum GBC
could not be made. Very limited data could be obtained
regarding demographic risk factors such as smoking,
alcohol consumption and body mass index and thus
these factors could not be analysed in this study. It was
not possible to adjust for inevitable variation in factors
such as healthcare systems and resources across cities or
case volume, resources and technical expertise across
centres. Information on recurrence was not available on
patients followed up elsewhere, and management prac-
tices were heterogenous across centres, both with
regards to operative extent as well as utilisation of neo-
adjuvant or adjuvant treatment.

This study is the first to assess operative outcomes
from GBC across such a large cross-section of countries
and hospitals, and reflects current practice with real-
world challenges and limitations. Given the lack of
RCTs or large-scale prospective studies for this rare
cancer, our data currently provides the best available
evidence on the utility of various resection options in the
management of GBC. Our findings show that liver
resection was not conclusively associated with improved
survival, and extended resections were associated with
increased morbidity and mortality without clearly asso-
ciated oncological benefit. We would advocate moving
away from aggressive resections for GBC, particularly for
9
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higher stages of disease, and greater emphasis on neo-
adjuvant strategies and collaborative international mul-
ticentre trials. This approach would mark a paradigm
shift in the global management of GBC, away from
surgical morbidity and towards multimodality treatment
strategies emphasising maximal prognostic benefit.
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