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Abstract

Aims: We conducted this systematic review to answer the questions: a. what are the timing categories
for revision surgery (RS) in incidental gallbladder cancer (iGBC)? b. which RS timing achieves better
oncological outcomes?

Methods: We performed literature search in 4 databases (PubMed, Scopus, Google Scholar and
Cochrane Reviews) till 10th October 2025 and included studies which reported patient outcomes based
on RS timing. Study characteristics, timing category definitions and RS outcomes were collected.
(Study protocol PROSPERO ID CRD42023453990).

Results: Twelve retrospective studies were included, with 2067 iGBC patients (566 males and 1346 females).
On the ‘Joanna Briggs Institute’ (JBI) tool, most studies scored a ‘Yes’ to 7—8 out of 10 questions. There was no
consensus on the definitions of ‘early’, ‘intermediate’ and ‘delayed’ timings for RS. Successful RS, perioperative
morbidity, RO resection were similar. On individual patient data meta-analysis, there was no difference in overall
survival between RS at ‘</ = 4 weeks’ and >4 weeks’ [hazard ratio: 1.29, 95 % Cl: 0.79-2.10].

Conclusion: There was no consensus on the definitions of timing categories and optimum timing for
RS in iGBC. Definitions of timing categories need to be standardised and future studies based on these

categories may identify the ideal timing of RS in iGBC.
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Introduction

Gallbladder cancer (GBC) is the commonest biliary tract cancer
(BTC) worldwide.! GBC carries one of the most dismal prog-
noses among the abdominal visceral cancers. The prognosis

* Based on the presentations and discussions at the 3rd Jaipur Surgical
Festival (JSF) - International Study Group of Gall Bladder Cancer (ISG-
GBC) organized at the Mahatma Gandhi Medical College and Hospital
(MGMCH), Jaipur Rajasthan India 1—3 December 2023.

* Joint first authors.
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depends on various factors such as tumour (T) stage, nodal (N)
stage and margin status. GBC can be suspected either preop-
eratively or diagnosed incidentally on histopathological exam-
ination of the GB specimen removed by simple cholecystectomy
performed for benign pathology such as gall stone disease - this
is incidental GBC (iGBC). Revision surgery (RS), in the form of
completion extended (radical) cholecystectomy (CEC), is
recommended for all iGBC with stage pT1b-T4 disease in the
absence of metastasis, but the timing of RS after the index
simple cholecystectomy remains controversial.” * The contro-
versy lies in the identification of the appropriate time for RS by
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balancing two factors - avoidance of acute postoperative
inflammation and tumor biology to facilitate the conduct of a
safe and successful RS.

Our aim to conduct this systematic review was to standardize
the timing categories of RS in order to achieve optimum out-
comes in iGBC as well as have uniformity in future research
where outcomes in each category can be compared to get a fair
idea as to which timing category of RS achieves optimal onco-
logical outcomes. This may aid in clinical decision-making for a
given iGBC patient and improve overall patient management.
Hence, we conducted this systematic review of the published
English literature and intended to answer the following two
research questions:

a. what are the timing categories for RS?
b. which timing category of RS achieves better oncological
outcomes?

Methods

Search strategy and selection criteria

This is a systematic review and meta-analysis with intent to
include all clinical studies on iGBC that categorized patients
based on the timing of RS and reported patient outcomes be-
tween the various timing categories of conduct of RS. Rando-
mised controlled trials, original observational case—control or
cohort studies and case series with more than 10 cases in English
language were included while narrative reviews, systematic

[ Identification of studies via databases and registers ]

reviews, invited commentaries, case reports, case series with less
than 10 patients and book chapters were excluded.

A literature search was performed in 4 databases (PubMed,
Scopus, Google Scholar and Cochrane Reviews) for clinical
studies published till 10th October 2025. The search terms
included ‘incidental gallbladder cancer’, ‘reoperation’ or ’re-
resection’, ‘revision surgery’, and ‘time’ or ‘timing’ (detailed
syntax and search strategy in Supplementary data). The refer-
ence list of published articles concerning RS and timing was
manually searched for further relevant publications. The search
was limited to English language and was performed by two
authors (PKN and BS) independently with any controversies
resolved through a consensus-based approach with other au-
thors (SA, PJL, OJMT and MG). This systematic review was
reported in accordance with the updated Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement 2020 and the MOOSE guidelines®.” The study
protocol was registered with the international prospective reg-
ister of systematic reviews (PROSPERO) vide registration
number = CRD42023453990  (https://www.crd.york.ac.uk/
prospero/display_record.php?RecordID=453990).

Data analysis

The included studies were assessed for outcomes of interest as
per the patients/population, intervention, comparator/reference
standard, outcomes and timeline (PICOT) framework (details
in Supplementary data). Studies were included irrespective of
the method of RS — open, laparoscopic or robotic and the use of

[ Identification of studies via other methods ]

Records identified through
manual citation searching, n =1

Reports sought for retrieval,
n=1

Reports assessed for eligibility,
n=1

Figure 1 PRISMA chart for this review.
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2 * Cochrane Library,n=3
=

| Records screened, n = 349 Records excluded, n = 334
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g
@ Reports sought for retrieval, Reports not retrieved
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Table 1 Definitions of timing of revision surgery (RS) for iGBC

Sl. Author, Study type Sample Age and M:F T-stage Timing Conclusions/Remarks

No. Year, size ratio® Categories by authors
Country
(Ref)

East Asian studies

1 Toyonaga T Retrospective 43 63 (47-76) T2 - 43 I: <2 weeks No difference in OS?
2003 16:27 II: >2 weeks between both timing
Japan ' categories

2 DuJ Retrospective 80 NR? T1/T2 - 61 A: <2 weeks Operative morbidity
2018 27:53 T3/T4 - 19 B: 2-4 weeks similar between all
China '’ C: >4 weeks groups

A had better 1-, 3- and
5-yearr OS than other
two groups. B and C

had similar OS
3 He S Retrospective 89 59 (39-76)° Tib - 1° Simultaneous: Intra- Salvage B group had
2020 6:35 T2 - 33 operative radical superior OS; all other
China "° T3-7 resection after groups had similar OS
frozen section + ve
iGBC
Salvage: re-
resection
A: <2 weeks
B: 2—-4 weeks
C: >4 weeks
4 Peng DZ Retrospective 65 NR Tib - 10 A: <2 weeks Similar OS, DFS? in the
2022 23:42 T2 - 42 B: 2-4 weeks 3 groups
China #° T3-13 C: >4 weeks
5 Cao J Retrospective 49 NR Tib -5 Time to treatment  No difference in
2023 16:33 T2 - 44 (TTT): perioperative
China 2* Short: <7 days outcomes or OS, DFS

Long: >7 days
South Asian studies

6 Rahul R Retrospective 91 53 (30-77) Tib - 10 Early: <4 weeks Late — less curative
2021, 22 Cohort 24.67 T2 - 55 Intermediate: 4-12 resection. Early and
India 2°-22 T3-26 weeks intermediate - similar
Late: >12 weeks curative resection

Early — non-significant
trend towards better

survival

7 Patkar S Retrospective 382 NR T1b - 56 A: <6 weeks After matching for T-
2021 103:279 T2 - 274 B: 6-10 weeks stage - C had best
India *' T3-32 C: 10-14 weeks 0S, DFS

D: >14 weeks

Western studies

8 Ausania F Retrospective 49 64 (48-85) T2 - 38 Delayed: 12 weeks Re-staging/re-surgery
2013 20:29 T3 -11 >12 weeks — selects
UK ® good biology iGBC for

revisional surgery
Median OS - 20.4

months
9 Ethun CG Retrospective 207 NR Tib - 16° Early: <4 weeks Intermediate group had
2017 cohort 77:130 T2 - 96 Intermediate: 4-8 better OS than other
USA '8 T3/T4 - 70 weeks groups
Late: >8 weeks
10 Vega EA Retrospective 118 60 (32-81) T2 -118 I: <60 days Similar morbidity and
2019 32:82 II: >/ = 60 days recurrence rates
Multi-center
18
(continued on next page)
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Table 1 (continued)

Sl. Author, Study type Sample Age and M:F
No. Year, size ratio®
Country
(Ref)
11 Shah S National cancer 791 NR
2023 DataBase (NCDB) T1b-T3 222:569
USA 25 Retrospective
Total 2067 30-85
M:F 566:1346
(1:2.4)

T-stage Timing Conclusions/Remarks
Categories by authors

T1b - 53 I: 0-4 weeks Re-resection after 4

T2 - 373 Il: 5-8 weeks weeks is of benefit.

T3 - 265 Il: 9-12 weeks

Tx - 100 IV: >12 weeks

Tib - 151 (8 %)
T2 -1116 (60 %)
T1/T2 - 61 (3 %)
T3 - 354 (19 %)
T3/T4 - 89 (5 %)
Tx — 100 (5 %)

@ Age in years expressed as median (range); DFS - disease free survival; M:F — male:female ratio; NR — not reported; OS — overall survival; RS

revision surgery.

® Details provided for only those patients who underwent curative resection at RS.

neoadjuvant therapy (NAT), if any, prior to RS. Data including
author, country, year, study design, study duration, sample size,
patient demography and the pathological tumor (pT) stage of
the iGBC before RS was collected from the included studies. For
the first research question — details about the different cate-
gories used for the conduct of RS and the remarks by the
respective authors justifying the categories were noted. For the
second research question, the following outcomes between the
different time categories of RS were noted — number of patients
in each time category, number who underwent successful RS,
peri-operative morbidity, patients with residual disease and
margin-negative (R0) resection status in the final histopathology
after RS, median overall survival (OS) and median disease-free
survival (DFS). ‘Successful RS’ in this study was defined as the
number of patients who were operated with a curative intent
and successfully underwent a radical RS (without metastases).
In case a few outcomes were missing in the included studies, the
corresponding authors were contacted via email and if they
responded, the additional data was recorded. Data from studies
was collected independently by two authors (BS and PKN) and
verified by a third author (SP).

The qualitative assessment of the included studies was done
with the Joanna Briggs Institute’ (JBI) critical appraisal tool.®
This tool assesses the risk of bias using a set of 8—10 questions
about definition of the condition, patient selection, reporting of
data, follow-up and use of appropriate statistical tests. For a given
study, each question is graded as ‘Yes’, ‘No’, ‘Unclear’ or ‘Not
applicable’. It does not provide a summary score for the studies,
as each question looks at a specific aspect of methodology and the
individual questions can’t be taken to have equal weightage.
Studies which have ‘Yes’ to most questions are considered to be of
‘high quality’ and those which have No’ to most questions are
considered to be of ‘Low quality’. The qualitative assessment of
the included studies was done independently by two authors (BS
and PKN) and any discrepancies were resolved through
consensus with the senior authors (SP and VKK).
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We summarized our findings regarding peri-operative and
survival outcomes for the various timing categories of RS in
iGBC. We did a one-stage individual patient data meta-analysis
(IPDMA) as it adjusts for both in-trial and between-trial het-
erogeneity and is considered superior.”'’ We used median
hazard ratio (MHR) for multi-level survival analysis (time-to-
event), as different studies from different settings exhibit het-
erogeneity due to varying baseline hazards and unmeasured
covariates.'' In the context of this study, MHR gives an idea of
median change of HR for OS in iGBC timing categories due to
early resection (compared to later resection), which may be
We also estimated the
restricted mean survival time difference (RMSTD) which ex-
presses the gain or loss of event-free survival at varying lengths
of follow-up in one group as compared to another. As compared

different in the included studies.

to HR, RMSTD is considered to give a more clinically intuitive
interpretation with higher statistical reliability for time-
dependent effect estimation.'®'” The R software was used for
meta-analysis (https://www.r-project.org).

Results

Our search strategy yielded 425 records with one additional
record identified through a manual citation search. After
removing 76 duplicate records, a further 334 records were found
irrelevant based on title and abstract screening and were
excluded. Thus, 16 studies fulfilled the eligibility criteria and were
sought for retrieval, out of which four studies were excluded and

14725 were included in this review as these met

twelve full papers
our PICOT criteria (see Supplementary data). Two papers re-
ported on different outcomes from the same dataset and hence
were combined as a single study for this review””* (see PRISMA
Diagram in Fig. 1). The study characteristics are summarized
according to our research questions, in Tables 1 and 2.

Of the twelve studies, four studies were from China, three

from India, two from the United States of America (USA), one
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Table 2 Outcome of revision surgery (RS) in iGBC based on timing

SINo Author, Year, Sample iGBC® Timing Successful
Country (Ref) size Categories - RS
Break-up
East Asian studies
1 Toyonaga T 43 I: <2 weeks Overall
2003 ' IIl: >/ = 2 weeks 18 (42 %)
2 Du J? 80 <2 weeks - 37 37 (100 %)
2018 7 2-4 weeks - 26 26 (100 %)
>4 weeks - 17 17 (100 %)
3 He S 89 A < 2 weeks - 11 Overall
2020 '° B 2-4 weeks - 19 42 (47 %)
C > 4 weeks-11
4 Peng® 65 <2 weeks - 22 22 (100 %)
2022 %3 2-4 weeks - 24 24 (100 %)
>4 weeks-19 19 (100 %)
5 Cao J? 49 <7d-28 28 (100 %)
2023 % >/=7d-21 21 (100 %)
South Asian studies
6 Rahul R 91 <4 weeks-22 11 (50 %)
2021& 2022 4-12 weeks - 48 31 (65 %)
20,22 >12 weeks - 21 6 (29 %)
7 Patkar S 382 <6 weeks - 76 60 (79 %)
2021 21 6-10 weeks -127 107 (84 %)
10-14 weeks - 86 73 (85 %)
>14 weeks - 93 74 (80 %)
Western studies
8 Ausania F 49 >12 weeks—49 (100 %) 24 (49 %)
2013 1°
9 Ethun CG 207 <4 weeks—25 (12 %) 22 (88 %)
2017 '° 4-8 weeks — 91 (44 %) 74 (81 %)
>8 weeks—-91 (44 %) 72 (79 %)
10 Vega EA? 118 <60 days - 50 50 (100 %)
2019 '8 >/ = 60 days - 68 68 (100 %)
11 Shah S 791 0-4 weeks - NR NR
2023 2° 5-8 weeks - NR

9-12 weeks - NR
>12 weeks - NR

Morbidity RO Locoregional Median OS® Median
resection residual (months) DFS®
status® disease (months)

NR NR NR 5year OS -57 % NR

5year OS -24 %

NR NR NR 86.1 NR

26.0
27.4
NR 41 (98 %) NR B Had better OS  NR
NR NR 6 (27 %) Similar Similar
9 (38 %)
9 (47 %)
NR NR 28 (100 %) Similar Similar
21 (100 %)

1(9 %)° 11 (100 %) 5 (46 %) 104.5 101.9

2 (7 %) 29 (94 %) 12 (39 %) 84.7 82.5

0 (0 %) 5 (83 %) 3 (50 %) 75.4 73.5

NR 59 (98 %) Overall Not reached 21
106 (99 %) 82 (26 %) 58 22
69 (95 %) Not reached Not reached
72 (97 %) 66 42

521 %) 18 (75 %) 10/24 (42 %) 20.4 NR

3 (13 %) 19 (76 %) 14/25 (56 %) 17.4 NR

8 (9 %) 72 (79 %) 42/91 (46 %)  40.4

16 (18 %) 69 (76 %) 42/91 (46 %) 22.4

10 (20 %) 45 (90 %) NR NR NR

9 (13 %) 62 (91 %)

NR NR NR 22.7 NR

441
44.3
511

2 These studies included only those iGBC patients who had undergone successful RS with curative intent.
P DFS - disease-free survival, iGBC - incidental gallbladder cancer, NR — not reported; OS — overall survival, RS - revisional surgery, RO — margin

negative resection.

from the United Kingdom (UK), one from Japan and one was
a multi-center study involving Chile and USA. Overall,
there were five studies from East Asia (China and Japan),
four from the West (Chile, UK and USA) and three studies
from South Asia (India). All the included studies were retro-
spective in nature, with majority being case series. There was a
total of 2067 iGBC patients from Tlb to T4 stages, who
were considered for or successfully underwent RS. The age of
these patients ranged from 30 to 85 years with a male:female
ratio of 1:2.4. The T stage of majority of iGBC cases who un-
derwent RS in the included studies was T2 (60 %) followed by
T3 (19 %).

The qualitative assessment of the included studies, by the JBI
critical appraisal tool, is presented in Fig. 2. Only one dataset
scored ‘Yes’ to all the questions””** while one study scored ‘Yes’
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to only 4 questions.”” Majority of the studies scored ‘Yes® to
about 7—8 questions.

Timing categories and RS

Early timing for RS

East Asian studies considered <2 weeks as early timing for
RS' #1719 one study even considered <7 days as early timing
for RS.”* Indian and Western studies considered <4
weeks' ®**?>?% or up to 6 weeks as early timing for RS.”" Thus,
the definition of ‘early’ timing to RS varied from less than 1 week

to 6 weeks among the published studies.

Intermediate timing for RS
While East Asian studies used 2—4 weeks’ time for this cate-
gory,l(”lg’22 Indian studies used 4—12 weeks or 6—14 weeks?’ 2
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Joanna Briggs Institute critical apprisal tool
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Figure 2 Qualitative assessment of the included studies.

while Western studies used 4—8 weeks or 5—12 weeks’ time for
this category.'®* Thus, intermediate timing category had the most
variation, ranging from 2 to 14 weeks. Also, irrespective of the
geographical differences, this was the category where the majority
(356/724, 49 %)'*1729723 of iGBC patients underwent RS.

Delayed timing for RS
While most East Asian studies considered >4 weeks’ time for RS
as delayed,'”'”* others considered even a delay of 1 week as

‘late/delayed’.”" Indian studies considered >12—14 weeks as

Hazard Ratio is 1.29 (95% CI: 0.79 - 2.1)
Between-trial heterogeneity only led to a median of 32% variation in the hazard ratio (MHR: 1.32)

Revision surgery - Revision surgery
at > 4 weeks at </= 4 weeks

0.7

0.50

Overall survival

0.25

0 6 12 18 24 36 42 48 54 60

30
Time (in months)

Figure 3 Individual patient data meta-analysis (IPDMA) of overall
survival (OS) in incidental gallbladder cancer (iGBC) based on timing
of revision surgery (RS).
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*Q - Question

‘delayed’,”’”** while Western studies considered > 8—12 weeks
as delayed timing for RS.'>'®!%2>

Thus, there was no consensus on the definitions of ‘early’,
‘intermediate’ and ‘delayed’ timings for RS in the published
studies. However, there was a trend towards early RS in East
Asian centers as most (158/194, 81 %)'7*%** patients were
operated <4 weeks of index cholecystectomy/referral. In India
and the West, there was a trend for RS in ‘intermediate’ or
‘delayed’ timing categories. The included studies had variable
reporting of the various perioperative outcomes of interest as
seen from Table 2. Regarding oncological outcomes, we pooled
data from studies which reported survival outcomes at a ‘4-week
cut-off, as this was the cut-off described in most studies across
East and West,16:17:19:20,22,23,25

Timing of RS and outcomes

Successful RS

There was variability in the percentage of iGBC patients under-
going successful RS. One Indian study reported 29—65 % iGBC
patients undergoing RS with a lower rate of successful RS in those
operated >12 weeks.”>** However, others reported RS rates be-
tween 79 and 88 % with similar successful RS rates in all timing
categories.'®”' Three other studies reported overall 42—49 % rate
of successful RS; however, the RS rates in the various timing
categories were not reported.'*'>'” Four studies included only
those iGBC patients who underwent successful RS,'”'**>** hence
overall RS rates could not be calculated (Table 2).

Perioperative outcomes

Perioperative morbidity of successful RS was between 0 and
21 % with RO resection rates of 76—100 % and locoregional
residual disease rates between 26 and 56 %. Perioperative
morbidity, RO resection rates and percentage of patients with
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Difference in Restricted Mean Survival Time (in months) [95% Cl]

Time horizon (in months): 12

Ethun CG, 2017 0.08 [-0.84; 1.00]

He S, 2020 0.06 [-0.41; 0.53]
Peng S, 2022 -0.06 [-0.34; 0.21]
Rahul S, 2022 -0.41 [-0.97; 0.15]

Total [Random Effects] -0.07 [-0.41; 0.27]
Time horizon (in months): 24

Ethun CG, 2017 1.89 [-1.10; 4.87]

He S, 2020 0.05 [-3.17; 3.27]
Peng S, 2022 -1.69 [-3.86; 0.47]
Rahul S, 2022 -1.94 [-3.94; 0.07]

[
Total [Random Effects] -0.51 [-2.29; 1.27]

Time horizon (in months): 36

Ethun CG, 2017 2.75 [-2.66; 8.16]
He S, 2020 1.36 [-5.02; 7.73]
Peng S, 2022 -3.51 [-8.39; 1.36]
Rahul S, 2022 -4.30 [-8.73; 0.14]

Total [Random Effects] -0.97 [ -4.43; 2.48]

Time horizon (in months): 48

Ethun CG, 2017 — 4.39 [-3.13; 11.92]
He S, 2020 —r 2.93 [ -6.63; 12.49]
Peng S, 2022 oom -4.82 [-12.67; 3.03]
Rahul S, 2022 —— -5.04 [-12.21; 2.12]
Total [Random Effects] e -0.60 [ -5.54; 4.34]
Time horizon (in months): 60

Ethun CG, 2017 —r—#—— 6.15 [-3.76; 16.05]
He S, 2020 ———®———— 4.46 [-8.57;17.49]
Rahul S, 2022 —— -5.99 [-16.37; 4.39]
Total [Random Effects] -0.25 [ -7.11; 6.62]

T T
-15-10 -5 0 5 10 15
Favors Revision surgery at > 4 weeks ” Favors Revision surgery at </= 4 weeks |

Multivariate model with bootstrapped derivation of within-trial covariance
Unstructured between-trial covariance using method of moments estimator

Figure 4 Forrest plot of overall survival (OS) by restricted mean sur-
vival time difference (RMSTD) analysis.

locoregional residual disease were reported similar between
various timing categories (Table 2).

Long-term outcomes

Regarding long-term oncological outcomes of RS for iGBC, there
was controversy among the conclusions in the published studies.
Three studies (two from China, one from India) reported similar
OS and DFS after RS in iGBC in various timing categories.””**~
** Three East Asian studies reported better OS for RS < 2 weeks
or 2—4 weeks and thus recommended early RS.'*'”' Western
studies reported better OS for RS > 4 weeks or 4—8 weeks and

thus recommended RS after 4 weeks.'®”’

One Western study,
which followed delayed RS > 12 weeks as a policy, reported a low
OS of 20.4 months but argued that this approach selects good
biology patients for RS."> Assessment of OS and DFS in the
various timing categories was affected by many confounders. A
varying proportion of iGBC patients, especially those who had a
delay in RS or those with residual disease detected on imaging,
were given neoadjuvant chemotherapy in the studies. A varying
proportion of others, after successful RS, received adjuvant
chemotherapy with or without radiotherapy. Both neoadjuvant
and adjuvant treatments affect both OS and DFS, the extent of
which was not uniformly reported in the studies and hence could
not be assessed in this review.
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As very few studies had reported DFS (see Table 2), we
conducted an IPDMA only for OS at a 4-week cut-off. We

excluded studies which did not use this cut-off'*!>1$2124

or
which did not provide the number of participants in the
Kaplan—Meier curve.'””> Overall, this yielded 404 iGBC pa-
tients who underwent RS with 123 patients at ‘</ = 4 weeks
(early)’ vs 281 patients at > 4 weeks (intermediate/delayed)’
timing categories from 4 datasets.'®'>***>?> We limited the
duration till 60 months, as there were very few events after this
time. Although the OS curves visually showed consistent sepa-
ration favoring the > 4 weeks (intermediate/delayed)’ timing
category, it was not statistically better with an HR of 1.29 (95 %
confidence interval, CI — 0.79—2.10) and an MHR of 1.32
(Fig. 3). In the RMSTD analysis, the actual survival gained in the
> 4 weeks (intermediate/delayed)’ timing category at 2, 3 and 5
years was about 0.5, 1.0 and 0.25 months respectively, which was
also not statistically significant and is unlikely to be clinically
relevant (Fig. 4).

There were many lacunae in the included studies while
assessing long-term oncological outcomes. Many important
prognostic factors determine the long-term survival in iGBC
like perforation of GB and bile spill during index cholecystec-
tomy, whether the index cholecystectomy was open or laparo-
scopic, whether the GB specimen was retrieved in an endobag,
whether port-sites were excised during RS etc. Almost all studies
failed to report these factors based on the various timing cate-
gories of RS, thus confounding our interpretation of survival
outcomes in the various RS timing categories.

Discussion

GBC is an aggressive malignancy with poor prognosis. Another
reason for poor outcomes is its non-specific presenting symp-
toms which may lead to low clinical suspicion, delayed referral
and diagnosis at an advanced stage. Thus, about half of the
GBCs are mis-diagnosed at initial presentation as benign con-
ditions affecting the GB like gallstone disease, acute cholecys-
titis, GB polyp, Mirizzi syndrome or xantho-granulomatous
cholecystitis (XGC).>*® These patients undergo simple chole-
cystectomy usually by general surgeons at peripheral centers,
without surgical awareness about oncological principles and GB
perforation with bile spill and/or a potential tumor capsule
breach, and then are diagnosed as iGBC on histopathological
examination of the GB specimen. Despite this, iGBC tends to be
diagnosed at earlier stages and has a better prognosis than non-
iGBC.”>”” For iGBC stages above pT1a, there is a need for RS in
the form of CEC which entails sampling of inter aorto-caval
lymph nodes, resection of GB liver bed with an intent to
achieve negative margins, regional lymphadenectomy, and
excision of the cystic duct stump with optional addition of
extrahepatic biliary excision if the stump is positive for cancer
on frozen section.””* ! RS is necessary for various reasons —
radical clearance of the residual loco-regional disease in,
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accurate disease staging and for prognosis. A significant pro-
portion of iGBC patients may have occult metastases in form of
peritoneal or omental metastases or metastases in non-regional
lymph nodes such as interaortocaval/paraaortic regions, which
while undetected on preoperative imaging, becomes evident
during RS and changes the intent of treatment from curative to
palliative. That is why in most studies in this review, the pro-
portion of patients who underwent successful RS is <100 %.

While the need and indications of RS are well established and
accepted, the timing of RS varies widely across the globe and
depends on various factors — awareness of the primary surgeon
regarding GBC, timing of referral to a hepato-biliary or
oncology center, complications of the index simple cholecys-
tectomy like bile leak, sepsis etc, and patient load/waitlist at the
referral center performing RS. In this systematic review, we
found that there was no consensus about the definitions of
different timing categories of RS in the published literature and
there was a difference in perceptions of ‘early’ and ‘delayed’
timing between the East and the West. Individual authors have
chosen the timing categories of RS arbitrarily without a clear
justification for the cut-offs. Hence, we could not do any
meaningful meta-analysis to determine which timing of RS
achieves superior post-operative outcomes and/or long-term
survival in iGBC patients.

To overcome this, we propose the following definitions for
the various timing categories of RS —

A. ‘Early’— RS within 4 weeks of the index simple cholecys-
tectomy, likely in post-operative inflammed bed, possibly
with immature adhesions, bleeding and increased surgical
difficulty.

B. ‘Intermediate’— RS done from 5 to 12 weeks of the index
simple cholecystectomy, after healing of the post-operative
bed with mature adhesions but not very late. This window is
probably the most practicable timing globally, given the lo-
gistics in many centers.

C ‘Delayed’— RS done beyond 12 weeks of the index simple
cholecystectomy; GBC being an aggressive disease, would be
expected to progress by 12 weeks. Successful RS in this
timing may indicate good tumor biology even if residual
disease is found in the final specimen.

These definitions for the timing categories for RS should be
validated by a Delphi consensus among the experts from high-
volume centers treating GBC globally. Once validated, future
studies should report the timing of RS using these definitions;
this would help in standardization and comparability of survival
outcomes after RS for iGBC across the world.

In this review, we also found that there was no consensus
regarding the recommended ideal timing for RS. Practically, if the
cholecystectomy is done at a peripheral center, it usually takes
about 4 weeks’ time for the biopsy of the index simple chole-
cystectomy specimen to be processed, reviewed by the primary
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surgeon, referral and the patient to reach a higher center for RS.
We found that East Asian centers tend to do RS early (within 4
?273% while the Western

centers tend to do RS in a delayed fashion (beyond 8 weeks). The

weeks), based on their national guidelines

central controversy regarding the ideal timing of RS for iGBC is a
debate between extirpation of the residual disease, if any, at the
earliest in order to achieve RO resection status (early surgery)
versus assessment of the tumor biology and offering surgery to
only selected patients with favorable biology who would benefit
from it (delayed surgery). Logically, operating too early may lead
to a difficult surgery in an inflamed post-operative field while
operating late may lead to progression of the disease to incurable
(locally unresectable or metastatic) stages. However, the current
review found no differences in the post-operative morbidity
among patients who underwent RS in the various timing cate-
gories. Although it sounds intuitive to intervene as early as
possible, there is no strong evidence to support this argument as
evident by heterogeneity of the results in studies dealing with this
issue.'®!??12%235 The IPDMA done in the current study also
showed no difference in OS in iGBC for RS performed between
‘</ = 4 weeks (early)’ and > 4 weeks (intermediate/delayed)
timing after index cholecystectomy.

Not only the of timing of referral and execution of RS, but
intraoperative events of the index simple cholecystectomy and
tumor biology based on the histopathological examination of
the GB specimen also must be taken into consideration to
appropriately select the optimum timing of RS. Perforation of
the GB and bile spill during the index simple cholecystectomy is
another important poor prognostic factor and rushing with
early surgery in this setting may not improve outcomes.”’
Residual disease, either in the liver bed or in the loco-regional
lymph nodes either at imaging or at the time of RS adversely
impacts long term outcomes in iGBC.”"*® Higher T-stage (T2b-
T4) is another adverse factor in iGBC due to the high chances of
tumor capsule breach and tumor spill during the index simple
cholecystectomy.””*” Buying more time before RS helps in ac-
curate restaging using imaging in a field free of post-operative
edema/fluid and allows for identification of residual disease
and potentially unresectable/metastatic patients avoiding a
futile second surgery.

Another debatable issue is the use of some form of neoad-
juvant therapy (NAT), either chemotherapy or chemo-
radiotherapy, between the index simple cholecystectomy and RS
in iGBC. Many retrospective studies have reported benefit of
NAT in T2—T4 and N + GBC patients,”' ** although there are
no studies specifically on iGBC. While some authors say it is too

45,46
C,””"" others recommend a

early to recommend NAT in GB
selective approach for using NAT in young good performance
status iGBC patients with high risk features (>T2b, N+, re-
sidual disease on imaging, poor differentiation, bile spillage).”’
A recent systematic review proposes 3 or 4 cycles of preopera-
tive neoadjuvant chemotherapy (using a gemcitabine-based

regimen) after the index cholecystectomy and before RS in

© 2025 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights are reserved, including those for

text and data mining, Al training, and similar technologies.

meta-analysis, HPB, https://doi.org/10.1016/j.hpb.2025.12.017

Please cite this article as: Selvakumar B et al., Timing of revision surgery for incidental gallbladder cancer: a systematic review and individual patient data




HPB

patients with iGBC who are at high risk of recurrence e.g. those
who had intraoperative GB perforation and bile spill during the
index simple cholecystectomy, those with advanced T stage (T3
or T4), node-positive disease, higher differentiation grade, or
other histopathological features including perineural invasion,
lymphovascular invasion, pericapsular invasion, or tumor
budding. RS should be advised if there is no progression of the
disease; those exhibiting disease progression may instead
continue with definitive chemotherapy, without RS.** Thus for
any iGBC patient receiving NAT, a waiting period of 12 weeks
(for 3—4 cycles of chemotherapy followed by re-staging imag-
ing) before RS may be prudent.

This systematic review has many limitations. All the included
studies were retrospective case series with selection and
reporting bias. There was lot of heterogeneity regarding the
definitions of various timing categories for RS after the index
simple cholecystectomy with wide practice variations between
East and West. An international Delphi consensus among high-
volume expert hepatobiliary centers treating GBC is required for
the definitions of various timing categories of RS proposed by
us. Based on the current evidence, it is still unclear which timing
for RS is better for optimum long-term outcomes in iGBC.
Ongoing phase III trials on NAT may throw further light
regarding the appropriate regimen and benefits of NAT in
iGBC."" A prospective international iGBC registry encom-
passing East Asian, South Asian and Western centers should be
established with periodic analysis of the outcomes, to study
geographic differences in iGBC management and establish the
optimum timing for RS in iGBC for improved patient outcomes.

Conclusion

There is no consensus on the definitions of timing categories of
RS among the published studies. Also, the current literature
doesn’t guide us regarding the optimum timing for RS in iGBC
following index simple cholecystectomy. The definitions of
timing categories of RS need to be standardised by international
expert consensus for future studies. More prospective data,
probably from an international registry, based on these stand-
ardised categories may identify the ideal timing of RS for
achieving best outcomes in iGBC.

Acknowledgements

None.

Funding

None.

Data sharing

All the data collected during this study is available with the corresponding author,
upon reasonable request.

HPB XxXXX, XXX, XXX

Declaration of interests

We declare no competing interests.

References

1.

p

»

N

11.

12.

13.

14.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A
et al. (2021 May) Global cancer statistics 2020: GLOBOCAN estimates
of incidence and mortality worldwide for 36 cancers in 185 countries.
CA Cancer J Clin 71:209-249. https://doi.org/10.3322/caac.21660.
Valle JW, Kelley RK, Nervi B, Oh DY, Zhu AX. (2021 Jan 30) Biliary tract
cancer. Lancet Lond Engl. 397:428-444. https://doi.org/10.1016/
S0140-6736(21)00153-7.

Goetze TO, Paolucci V. (2008 Jan) Benefits of reoperation of T2 and
more advanced incidental gallbladder carcinoma: analysis of the
German registry. Ann Surg 247:104-108. https://doi.org/10.1097/
SLA.0b013e318154bf5d.

Goetze TO, Paolucci V. (2008 Nov) Immediate re-resection of T1 inci-
dental gallbladder carcinomas: a survival analysis of the German reg-
istry. Surg Endosc 22:2462-2465. https://doi.org/10.1007/s00464-
008-9747-9.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD et al. (2021 Mar 29) The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ, n71. https://
doi.org/10.1136/bmj.n71.

Brooke BS, Schwartz TA, Pawlik TM. (2021 Aug 1) MOOSE reporting
guidelines for meta-analyses of observational studies. JAMA Surg 156:
787. https://doi.org/10.1001/jamasurg.2021.0522.

Stewart LA, Clarke M, Rovers M, Riley RD, Simmonds M, Stewart G
et al. (2015) Preferred reporting items for a systematic review and meta-
analysis of individual participant data: the PRISMA-IPD statement.
JAMA 313:1657-1665. https://doi.org/10.1001/jama.2015.3656.
Munn Z, Barker TH, Moola S, Tufanaru C, Stern C, McArthur A et al.
(2020 Oct) Methodological quality of case series studies: an introduc-
tion to the JBI critical appraisal tool. JBI Evid Synth 18:2127-2133.
https://doi.org/10.11124/JBISRIR-D-19-00099.

Abo-Zaid G, Guo B, Deeks JJ, Debray TPA, Steyerberg EW,
Moons KGM et al. (2013) Individual participant data meta-analyses
should not ignore clustering. J Clin Epidemiol 66:865-873. https://
doi.org/10.1016/j.jclinepi.2012.12.017.

. Smith CT, Williamson PR, Marson AG. (2005) An overview of methods

and empirical comparison of aggregate data and individual patient data
results for investigating heterogeneity in meta-analysis of time-to-event
outcomes. J Eval Clin Pract 11:468-478. https://doi.org/10.1111/
j.1365-2753.2005.00559.x.

Austin PC, Wagner P, Merlo J. (2017 Mar 15) The median hazard ratio:
a useful measure of variance and general contextual effects in multi-
level survival analysis. Stat Med 36:928-938. https://doi.org/10.1002/
sim.7188.

Uno H, Claggett B, Tian L, Inoue E, Gallo P, Miyata T et al. (2014
Aug 1) Moving beyond the hazard ratio in quantifying the between-
group difference in survival analysis. J Clin Oncol 32:2380-2385.
https://doi.org/10.1200/JC0.2014.55.2208.

Pak K, Uno H, Kim DH, Tian L, Kane RC, Takeuchi M et al. (2017 Dec 1)
Interpretability of cancer clinical trial results using restricted mean
survival time as an alternative to the hazard ratio. JAMA Oncol 3:
1692-1696. https://doi.org/10.1001/jamaoncol.2017.2797.

Toyonaga T, Chijiiwa K, Nakano K, Noshiro H, Yamaguchi K, Sada M
et al. (2003 Mar) Completion radical surgery after cholecystectomy for

© 2025 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights are reserved, including those for

text and data mining, Al training, and similar technologies.

meta-analysis, HPB, https://doi.org/10.1016/j.hpb.2025.12.017

Please cite this article as: Selvakumar B et al., Timing of revision surgery for incidental gallbladder cancer: a systematic review and individual patient data



https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/S0140%2D6736%2821%2900153%2D7
https://doi.org/10.1016/S0140%2D6736%2821%2900153%2D7
https://doi.org/10.1097/SLA.0b013e318154bf5d
https://doi.org/10.1097/SLA.0b013e318154bf5d
https://doi.org/10.1007/s00464%2D008%2D9747%2D9
https://doi.org/10.1007/s00464%2D008%2D9747%2D9
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1001/jamasurg.2021.0522
https://doi.org/10.1001/jama.2015.3656
https://doi.org/10.11124/JBISRIR%2DD%2D19%2D00099
https://doi.org/10.1016/j.jclinepi.2012.12.017
https://doi.org/10.1016/j.jclinepi.2012.12.017
https://doi.org/10.1111/j.1365%2D2753.2005.00559.x
https://doi.org/10.1111/j.1365%2D2753.2005.00559.x
https://doi.org/10.1002/sim.7188
https://doi.org/10.1002/sim.7188
https://doi.org/10.1200/JCO.2014.55.2208
https://doi.org/10.1001/jamaoncol.2017.2797

10

HPB

15.

16.

17.

18.

19.

20.

21.

23.

24.

25.

26.

27.

HPB xxxX, XXX, XXX

accidently undiagnosed gallbladder carcinoma. World J Surg 27:
266-271. https://doi.org/10.1007/s00268-002-6609-9.

Ausania F, Tsirlis T, White SA, French JJ, Jacques BC, Charnley RM
et al. (2013 Aug) Incidental pT2-T3 gallbladder cancer after a chole-
cystectomy: outcome of staging at 3 months prior to a radical resec-
tion. HPB 15:633-637. https://doi.org/10.1111/hpb.12032.

Ethun CG, Postlewait LM, Le N, Pawlik TM, Buettner S, Poultsides G
et al. (2017) Association of optimal time interval to Re-resection for
incidental gallbladder cancer with overall survival: a multi-institution
analysis from the US extrahepatic biliary malignancy consortium. JAMA
Surg 152:143-149. https://doi.org/10.1001/jamasurg.2016.3642.

Du J, Yang XW, Wen ZJ, Xue C, Wu YM, Wu MC et al. (2018 Oct 20)
Relationship between prognosis and time interval from cholecystec-
tomy to reoperation in postoperative incidental gallbladder carcinoma.
Chin Med J (Engl). 131:2503-2505. https://doi.org/10.4103/0366-
6999.243565.

Vega EA, Vinuela E, Okuno M, Joechle K, Sanhueza M, Diaz C et al.
(2019 Aug) Incidental versus non-incidental gallbladder cancer: index
cholecystectomy before oncologic re-resection negatively impacts
survival in T2b tumors. HPB 21:1046-1056. https://doi.org/10.1016/
j.hpb.2018.12.006.

He S, Yu T, Khadaroo PA, Cai L, Chu Y, Wei F et al. (2020 Dec) A
comparison between the prognosis of simultaneous and salvage
radical resection in incidental gallbladder cancer. Cancer Manag Res
12:13469-13478. https://doi.org/10.2147/CMAR.S286292.

Rahul, Haldeniya K, Singh A, Bhatt N, Mishra P, Singh RK et al. (2021)
Determinants of curative resection in incidental gallbladder carcinoma
with special reference to timing of referral. Ann Hepato-Biliary-Pancreat
Surg 25:492-499. https://doi.org/10.14701/ahbps.2021.25.4.492.
Patkar S, Patel S, Gupta A, Ramaswamy A, Ostwal V, Goel M.
(2021 Oct) Revision surgery for incidental gallbladder cancer-
challenging the dogma: ideal timing and real-world applicability.
Ann Surg Oncol 28:6758-6766. https://doi.org/10.1245/s10434-
021-09687-4.

Rahul R, Haldenia K, Singh A, Kapoor V, Singh RK, Saxena R. (2022 Jul 8)
Does timing of completion radical cholecystectomy determine the survival
outcome in incidental carcinoma gallbladder: a single-center retrospective
analysis. Cureus 14e26653. https://doi.org/10.7759/cureus.26653.

Peng DZ, Nie GL, Li B, Cai YL, Lu J, Xiong XZ et al. (2022 Jan) Pre-
diction of early recurrence after RO resection for gallbladder carcinoma
of stage T1b-T3. Cancer Manag Res 14:37-47. https://doi.org/
10.2147/CMAR.S342674.

Cao J, Yan J, Hu J, Zhang B, Topatana W, Li S et al. (2023 Aug) Esti-
mating the influencing factors for T1b/T2 gallbladder cancer on survival
and surgical approaches selection. Cancer Med 12:16744-16755.
https://doi.org/10.1002/cam4.6297.

Shah S, Sweeney R, Wegner RE. (2023 Dec) Survival benefit with Re-
resection and optimal time to Re-resection in gallbladder cancer: a
national cancer database study. J Gastrointest Cancer 54:1331-1337.
https://doi.org/10.1007/s12029-023-00934-3.

Ethun CG, Le N, Lopez-Aguiar AG, Pawlik TM, Poultsides G, Tran T
et al. (2017 Jul 1) Pathologic and prognostic implications of incidental
versus nonincidental gallbladder cancer: a 10-Institution study from the
United States extrahepatic biliary malignancy consortium. Am Surg 83:
679-686.

Shih SP, Schulick RD, Cameron JL, Lillemoe KD, Pitt HA, Choti MA
et al. (2007 Jun) Gallbladder cancer: the role of laparoscopy and radical

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

resection. Ann  Surg 245:893-901.
SLA.0b013e31806beec2.

Feo CF, Ginesu GC, Fancellu A, Perra T, Ninniri C, Deiana G et al. (2022
Feb) Current management of incidental gallbladder cancer: a review. Int J
Surg Lond Engl 98: 106234. https://doi.org/10.1016/j.ijsu.2022.106234.
Goetze TO. (2015 Nov 21) Gallbladder carcinoma: prognostic factors
and therapeutic options. World J Gastroenterol 21:12211-12217.
https://doi.org/10.3748/wjg.v21.i43.12211.

Goetze TO, Paolucci V. (2010 Sep) Adequate extent in radical re-

https://doi.org/10.1097/

resection of incidental gallbladder carcinoma: analysis of the German
registry. Surg Endosc 24:2156-2164. https://doi.org/10.1007/s00464-
010-0914-4.

Goetze TO, Paolucci V. (2012 May) The prognostic impact of positive
lymph nodes in stages T1 to T3 incidental gallbladder carcinoma: re-
sults of the German registry. Surg Endosc 26:1382-1389. https://
doi.org/10.1007/s00464-011-2044-z.

Wang X, Bai Y, Chai N, Li Y, Linghu E, Wang L et al. (2024 Oct 5)
Chinese national clinical practice guideline on diagnosis and treatment
of biliary tract cancers. Chin Med J (Engl). 137:2272-2293. https://
doi.org/10.1097/CM9.0000000000003258.

Lee SE, Kim KS, Kim WB, Kim IG, Nah YW, Ryu DH et al. (2014 Oct)
Practical guidelines for the surgical treatment of gallbladder cancer. J Kor
Med Sci 29:1333-1340. https://doi.org/10.3346/jkms.2014.29.10.1333.
Nagino M, Hirano S, Yoshitomi H, Aoki T, Uesaka K, Unno M et al.
(2021 Jan) Clinical practice guidelines for the management of biliary
tract cancers 2019: the. J Hepato-Biliary-Pancreatic Sci 28:26-54.
https://doi.org/10.1002/jhbp.870.

Barreto SG, Pawar S, Shah S, Talole S, Goel M, Shrikhande SV. (2014
Feb) Patterns of failure and determinants of outcomes following radical
re-resection for incidental gallbladder cancer. World J Surg 38:
484-489. https://doi.org/10.1007/s00268-013-2266-4.

Blakely AM, Wong P, Chu P, Warner SG, Raoof M, Singh G et al. (2019
Sep) Intraoperative bile spillage is associated with worse survival in
gallbladder adenocarcinoma. J Surg Oncol 120:603-610. https://
doi.org/10.1002/js0.25617.

Horkoff MJ, Ahmed Z, Xu Y, Sutherland FR, Dixon E, Ball CG et al. (2021
Jan 1) Adverse outcomes after bile spillage in incidental gallbladder
cancers: a population-based study. Ann Surg 273:139-144. https://
doi.org/10.1097/SLA.0000000000003325.

Gil L, de Aretxabala X, Lendoire J, Duek F, Hepp J, Imventarza O. (2019
Jan) Incidental gallbladder cancer: how residual disease affects
outcome in two referral HPB centers from South America. World J Surg
43:214-220. https://doi.org/10.1007/s00268-018-4762-z.

Shindoh J, de Aretxabala X, Aloia TA, Roa JC, Roa |, Zimmitti G et al.
(2015 Apr) Tumor location is a strong predictor of tumor progression
and survival in T2 gallbladder cancer: an international multicenter
study. Ann Surg 261:733-739. https://doi.org/10.1097/
SLA.0000000000000728.

Cho JK, Lee W, Jang JY, Kim HG, Kim JM, Kwag SJ et al. (2019 Jan 7)
Validation of the oncologic effect of hepatic resection for T2 gallbladder
cancer: a retrospective study. World J Surg Oncol 17:8. https://doi.org/
10.1186/s12957-018-1556-6.

Chaudhari VA, Ostwal V, Patkar S, Sahu A, Toshniwal A, Ramaswamy A
et al. (2018 Sep) Outcome of neoadjuvant chemotherapy in “locally
advanced/borderline resectable” gallbladder cancer: the need to
define indications. HPB 20:841-847. https://doi.org/10.1016/
j.hpb.2018.03.008.

© 2025 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights are reserved, including those for

text and data mining, Al training, and similar technologies.

Please cite this article as: Selvakumar B et al., Timing of revision surgery for incidental gallbladder cancer: a systematic review and individual patient data
meta-analysis, HPB, https://doi.org/10.1016/j.hpb.2025.12.017



https://doi.org/10.1007/s00268%2D002%2D6609%2D9
https://doi.org/10.1111/hpb.12032
https://doi.org/10.1001/jamasurg.2016.3642
https://doi.org/10.4103/0366%2D6999.243565
https://doi.org/10.4103/0366%2D6999.243565
https://doi.org/10.1016/j.hpb.2018.12.006
https://doi.org/10.1016/j.hpb.2018.12.006
https://doi.org/10.2147/CMAR.S286292
https://doi.org/10.14701/ahbps.2021.25.4.492
https://doi.org/10.1245/s10434%2D021%2D09687%2D4
https://doi.org/10.1245/s10434%2D021%2D09687%2D4
https://doi.org/10.7759/cureus.26653
https://doi.org/10.2147/CMAR.S342674
https://doi.org/10.2147/CMAR.S342674
https://doi.org/10.1002/cam4.6297
https://doi.org/10.1007/s12029%2D023%2D00934%2D3
http://refhub.elsevier.com/S1365-182X(25)01731-9/sref26
http://refhub.elsevier.com/S1365-182X(25)01731-9/sref26
http://refhub.elsevier.com/S1365-182X(25)01731-9/sref26
http://refhub.elsevier.com/S1365-182X(25)01731-9/sref26
http://refhub.elsevier.com/S1365-182X(25)01731-9/sref26
https://doi.org/10.1097/SLA.0b013e31806beec2
https://doi.org/10.1097/SLA.0b013e31806beec2
https://doi.org/10.1016/j.ijsu.2022.106234
https://doi.org/10.3748/wjg.v21.i43.12211
https://doi.org/10.1007/s00464%2D010%2D0914%2D4
https://doi.org/10.1007/s00464%2D010%2D0914%2D4
https://doi.org/10.1007/s00464%2D011%2D2044%2Dz
https://doi.org/10.1007/s00464%2D011%2D2044%2Dz
https://doi.org/10.1097/CM9.0000000000003258
https://doi.org/10.1097/CM9.0000000000003258
https://doi.org/10.3346/jkms.2014.29.10.1333
https://doi.org/10.1002/jhbp.870
https://doi.org/10.1007/s00268%2D013%2D2266%2D4
https://doi.org/10.1002/jso.25617
https://doi.org/10.1002/jso.25617
https://doi.org/10.1097/SLA.0000000000003325
https://doi.org/10.1097/SLA.0000000000003325
https://doi.org/10.1007/s00268%2D018%2D4762%2Dz
https://doi.org/10.1097/SLA.0000000000000728
https://doi.org/10.1097/SLA.0000000000000728
https://doi.org/10.1186/s12957%2D018%2D1556%2D6
https://doi.org/10.1186/s12957%2D018%2D1556%2D6
https://doi.org/10.1016/j.hpb.2018.03.008
https://doi.org/10.1016/j.hpb.2018.03.008

HPB

11

42.

43.

44.

45.

46.

47.

HPB XxXXX, XXX, XXX

Sirohi B, Mitra A, Jagannath P, Singh A, Ramadvar M, Kulkarni S et al.
(2015) Neoadjuvant chemotherapy in patients with locally advanced
gallbladder cancer. Future Oncol Lond Engl 11:1501-1509. https://
doi.org/10.2217/fon.14.308.

Engineer R, Goel M, Chopra S, Patil P, Purandare N, Rangarajan V
et al. (2016 Sep) Neoadjuvant chemoradiation followed by surgery
for locally advanced gallbladder cancers: a new paradigm. Ann
Surg Oncol 23:3009-3015. https://doi.org/10.1245/s10434-016-
5197-0.

Patkar S, Ostwal V, Ramaswamy A, Engineer R, Chopra S, Shetty N
et al. (2018 Mar) Emerging role of multimodality treatment in gall
bladder cancer: outcomes following 510 consecutive resections in a
tertiary referral center. J Surg Oncol 117:372-379. https://doi.org/
10.1002/js0.24837.

Hakeem AR, Papoulas M, Menon KV. (2019 Feb) The role of neoadju-
vant chemotherapy or chemoradiotherapy for advanced gallbladder
cancer - a systematic review. Eur J Surg Oncol 45:83-91. https://
doi.org/10.1016/j.ejs0.2018.08.020.

Naveed S, Qari H, Thau CM, Burasakarn P, Mir AW. (2021) Neoadjuvant
chemotherapy for advanced gallbladder cancer: do we have enough
evidence? A systematic review. Euroasian J Hepatogastroenterol 11:
87-94. https://doi.org/10.5005/jp-journals-10018-1348.

Cherkassky L, Jarnagin W. (2019 Jun) Selecting treatment sequence for
patients with incidental gallbladder cancer: a neoadjuvant approach

48.

49.

50.

versus upfront surgery. Updat Surg 71:217-225. https://doi.org/
10.1007/s13304-019-00670-z.

Varshney P, Baghmar S, Sirohi B, et al.Abou-Alfa GK, Cao HT et al.
(2025 Mar) Neoadjuvant treatment for incidental gallbladder cancer: a
systematic review. Ann Hepatobiliary Pancreat Surg 11. https://doi.org/
10.14701/ahbps.24-223.

Goetze TO, Bechstein WO, Bankstahl US, Keck T, Konigsrainer A,
Lang SA et al. (2020 Feb 14) Neoadjuvant chemotherapy with gemci-
tabine plus cisplatin followed by radical liver resection versus imme-
diate adjuvant
chemotherapy in incidentally detected gallbladder carcinoma after
simple cholecystectomy or in front of radical resection of BTC (ICC/
ECC) - a phase lll study of the German registry of incidental gallbladder
carcinoma platform (GR)- the AIO/CALGP/ACO- GAIN-Trial. BMC
Cancer 20:122. https://doi.org/10.1186/s12885-020-6610-4.

Engineer R, Patkar S, Lewis SC, Sharma AD, Shetty N, Ostwal V et al.
(2019 Jun 27) A phase lll randomised clinical trial of perioperative
therapy (neoadjuvant chemotherapy versus chemoradiotherapy) in
locally advanced gallbladder cancers (POLCAGB): study protocol. BMJ
Open 9:e028147. https://doi.org/10.1136/bmjopen-2018-028147.

radical liver resection alone with or without

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.
1016/j.hpb.2025.12.017.

© 2025 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights are reserved, including those for

text and data mining, Al training, and similar technologies.

Please cite this article as: Selvakumar B et al., Timing of revision surgery for incidental gallbladder cancer: a systematic review and individual patient data
meta-analysis, HPB, https://doi.org/10.1016/j.hpb.2025.12.017



https://doi.org/10.2217/fon.14.308
https://doi.org/10.2217/fon.14.308
https://doi.org/10.1245/s10434%2D016%2D5197%2D0
https://doi.org/10.1245/s10434%2D016%2D5197%2D0
https://doi.org/10.1002/jso.24837
https://doi.org/10.1002/jso.24837
https://doi.org/10.1016/j.ejso.2018.08.020
https://doi.org/10.1016/j.ejso.2018.08.020
https://doi.org/10.5005/jp%2Djournals%2D10018%2D1348
https://doi.org/10.1007/s13304%2D019%2D00670%2Dz
https://doi.org/10.1007/s13304%2D019%2D00670%2Dz
https://doi.org/10.14701/ahbps.24%2D223
https://doi.org/10.14701/ahbps.24%2D223
https://doi.org/10.1186/s12885%2D020%2D6610%2D4
https://doi.org/10.1136/bmjopen%2D2018%2D028147
https://doi.org/10.1016/j.hpb.2025.12.017
https://doi.org/10.1016/j.hpb.2025.12.017

	Timing of revision surgery for incidental gallbladder cancer: a systematic review and individual patient data meta-analysis
	Introduction
	Methods
	Search strategy and selection criteria
	Data analysis

	Results
	Timing categories and RS
	Early timing for RS
	Intermediate timing for RS
	Delayed timing for RS

	Timing of RS and outcomes
	Successful RS
	Perioperative outcomes
	Long–term outcomes


	Discussion
	Conclusion
	IntroductionGallbladder cancer (GBC) is the commonest biliary tract cancer (BTC) worldwide.1 GBC carries one of the most di ...
	flink6
	flink7
	aclink3
	References
	Appendix A. Supplementary data


