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Background: The safety and oncological efficacy of laparoscopic re-resection of incidental gallbladder
cancer have not been studied. This study aimed to compare laparoscopic with open re-resection of
incidentally discovered gallbladder cancer while minimizing selection bias.
Methods: This was a multicentre retrospective observational cohort study of patients with incidental
gallbladder cancer who underwent re-resection with curative intent at four centres between 2000 and
2017. Overall survival (OS) and recurrence-free survival (RFS) were analysed by intention to treat. Inverse
probability of surgery treatment weighting using propensity scoring was undertaken.
Results: A total of 255 patients underwent re-resection (190 open, 65 laparoscopic). Nineteen laparo-
scopic procedures were converted to open operation. Surgery before 2011 was the only factor associated
with conversion. Duration of hospital stay was shorter after laparoscopic re-resection (median 4 versus

6 days; P < 0⋅001). Three-year OS rates for laparoscopic and open re-resection were 87 and 62 per cent
respectively (P =0⋅502). Independent predictors of worse OS were residual cancer found at re-resection
(hazard ratio (HR) 1⋅91, 95 per cent c.i. 1⋅17 to 3⋅11), blood loss of at least 500 ml (HR 1⋅83, 1⋅23 to 2⋅74)
and at least four positive nodes (HR 3⋅11, 1⋅46 to 6⋅65). In competing-risks analysis, the RFS incidence
was higher for laparoscopic re-resection (P = 0⋅038), but OS did not differ between groups. Independent
predictors of worse RFS were one to three positive nodes (HR 2⋅16, 1⋅29 to 3⋅60), at least four positive
nodes (HR 4⋅39, 1⋅96 to 9⋅82) and residual cancer (HR 2⋅42, 1⋅46 to 4⋅00).
Conclusion: Laparoscopic re-resection for selected patients with incidental gallbladder cancer is onco-
logically non-inferior to an open approach. Dissemination of advanced laparoscopic skills and timely
referral of patients with incidental gallbladder cancer to specialized centres may allow more patients
to benefit from this operation.
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Introduction

Gallbladder cancer is increasingly being detected as an
incidental finding during cholecystectomy in patients
in whom malignancy is not suspected1–5. The recom-
mended treatment for patients with a T1b (or higher T
category) incidental gallbladder cancer in the absence of
disseminated disease is oncological extended resection6,7.
Oncological extended resection (re-resection) comprises
resection of the gallbladder fossa or liver segments IVb–V,

regional lymph nodes and, in selected patients, the com-
mon bile duct. The goals of re-resection are to identify
and remove any residual cancer that remains after the
index cholecystectomy and to permit accurate staging of
disease8. Residual cancer, an important prognostic factor,
is found in up to 39 per cent of patients at re-resection,
the most common locations being the gallbladder fossa
and lymph nodes9. The presence of residual cancer at
re-resection has been shown to portend a dismal prognosis
akin to stage IV disease.
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Although laparoscopic liver resection is frequently per-
formed at selected centres, and has been associated with
less bleeding, fewer complications, and better quality
of life compared with open liver surgery10, laparoscopic
re-resection for incidental gallbladder cancer has rarely
been performed or described in the literature11. Laparo-
scopic re-resection for cancer is technically challenging,
requiring advanced laparoscopic skills. More specifically,
laparoscopic re-resection for incidental gallbladder cancer
includes a complete lymphadenectomy and a IVb–V biseg-
mentectomy or gallbladder fossa resection. In this context,
concerns exist that laparoscopic re-resection may not meet
the standards of open surgery, and lead to tumour cell dis-
semination and inadequate removal of all residual cancer12.
However, improvements in surgical technique have led
to some reports1,13–26 of appropriate quality laparoscopic
re-resection for gallbladder cancer. An Asian cohort
study20 from a laparoscopic expert centre reported that
laparoscopic re-resection for gallbladder cancer may be
safe and associated with survival equivalent to that reported
previously for open re-resection. However, owing to the
rarity of the disease and a limited number of centres with
the experience to perform laparoscopic re-resection, no
study to date has directly compared laparoscopic with open
re-resection for incidental gallbladder cancer, or reported
on long-term oncological outcomes after laparoscopic
re-resection for incidental gallbladder cancer.

Therefore, the objective of this study was to assess
the impact of the approach (open versus laparoscopic
re-resection) on overall survival (OS) and recurrence-free
survival (RFS) in patients with incidental gallbladder
cancer after adjusting for clinical factors associated with
selection bias.

Methods

This retrospective study was approved by the institutional
review boards of the participating institutions. Each of
the institutional review boards waived the requirement for
informed consent and provided a waiver of authorization
for this retrospective chart review.

Cohort selection

This retrospective observational study included all con-
secutive patients who underwent open or laparoscopic
re-resection for incidental gallbladder cancer with curative
intent from June 2000 to June 2017 at four centres: Uni-
versity of Texas MD Anderson Cancer Center, Houston,
Texas, USA; and Clinica Alemana, Hospital Sotero del
Rio and Pontificia Universidad Catolica de Chile, San-
tiago, Chile. The study data were obtained from three

prospectively compiled databases: the surgical oncology
liver resection database of MD Anderson Cancer Center
(protocol PA17-0970); a deidentified database of patients
who underwent resection for incidental gallbladder cancer
at Clinica Alemana (protocol CA18-0501); and a deiden-
tified database of patients who underwent resection for
incidental gallbladder cancer at Hospital Sotero del Rio
and Pontificia Universidad Catolica de Chile (protocol
GB-03032017). Reporting is consistent with the STROBE
guidelines27 for observational research and the principles
of the Declaration of Helsinki.

Data collection

The following data were collected: surgical approach to
re-resection (open or laparoscopic); baseline demographic
and clinical characteristics; details of clinicopathological
findings and use of open surgery at initial cholecystectomy;
disease management, clinicopathological findings, dura-
tion of hospital stay, blood loss and postoperative complica-
tions at time of second radical resection; and location of any
recurrences. In the intention-to-treat analysis, all patients
whose surgical procedure was initiated by a laparoscopic
approach were included in the laparoscopic re-resection
group even when conversion to open surgery occurred.

The primary outcomes were time to relapse and time
to death. Secondary outcome measures included 90-day
mortality, overall complications, number of lymph nodes
retrieved and patterns of recurrence. Incidental gallblad-
der cancer was defined as a cancer reported in the final
pathology report after open or laparoscopic cholecystec-
tomy for presumed benign disease. Major resection was
defined as liver resection including three or more liver seg-
ments. Information on bile spillage was not consistently
available as almost all the patients had the index operation
at an outside institution.

Oncological extended resection

At all institutions, the intent of re-resection was to achieve
an R0 resection and permit appropriate staging of disease.
At each institution, the decision whether or not to per-
form re-resection was made at a multidisciplinary tumour
board meeting, and the decision to use an open or laparo-
scopic approach was at the discretion of the operating sur-
geon. Tumour location and liver metastases were evaluated
using intraoperative ultrasonography during both open and
laparoscopic operations.

Surgical procedure

The surgical procedures for open and laparoscopic
re-resection were described in detail previously9,13,14,28.
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Fig. 1 Inverse probability of treatment-weighted survival curves among patients with incidental gallbladder cancer, according to type
of surgery
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a All patients, b patients with T1 or T2 disease. Dotted lines represent unadjusted Kapan–Meier analysis. a P = 0⋅502, b P = 0⋅824 (adjusted log rank test).

Briefly, re-resection was undertaken in all patients with
tumours of category T1b or greater. Re-resection in all
patients included open or laparoscopic exploration and
intraoperative frozen-section analysis of aortocaval lymph
nodes, specifically station 16b1; limited resection of the
liver bed or anatomical resection of liver segments IVb
and V or, on rare occasions, major liver resections, and
dissection of the hepatoduodenal ligament, common
hepatic artery and retropancreatic lymph nodes as a stan-
dard approach for gallbladder cancer. The laparoscopic
approach involved four steps that were shared across
institutions29.

Step 1: laparoscopic exploration and intraoperative
frozen-section analysis of aortocaval lymph nodes
With the patient in the French position (Fig. S1, sup-
porting information), the hepatic flexure of the colon was
mobilized caudally to fully expose the duodenum. Any
omentum adherent to the gallbladder fossa was left in place
to be resected en bloc with the liver. The peritoneum was
incised over the lateral border of the duodenum, and a wide
Kocher manoeuvre performed past the vena cava and aorta.
Aortocaval lymph node resection was undertaken caudally
on the vena cava side, then worked up to the left renal

vein. The nodes (station 16) were sent for frozen-section
analysis.

Step 2: regional lymphadenectomy, including removal
of hepatoduodenal ligament, hepatic artery
and retropancreatic lymph nodes
The Kocher manoeuvre exposed the retropancreatic lymph
nodes (station 13). These lymph nodes were removed with
care to avoid injury to the pancreas, and the dissection con-
tinued cranially along the right border of the hepatoduo-
denal ligament (station 12) and posteriorly over the portal
vein, up to the hepatic hilum. Lymph node dissection was
then completed from the right to the left along the proper
and common hepatic artery (station 8).

Step 3: resection of cystic duct stump
The cystic duct stump was resected when possible. The
cystic duct was dissected up to the insertion on the bile duct
and sent for frozen-section analysis.

Step 4: liver resection
The extent of hepatectomy in patients with incidental
gallbladder cancer ranged from excision of the gallbladder
fossa bed only to formal resection of segments IVb and
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Fig. 2 Patterns of recurrence by surgical approach
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Table 1 Pretreatment characteristics

All patients Open re-resection Laparoscopic re-resection

(n=255) (n=190) (n=65) P†

Study period, 2011 or later 103 (40⋅4) 60 (31⋅6) 43 (66) 0⋅001

Age (years)* 62 (32–83) 60 (32–81) 64 (32–83) 0⋅007‡
Sex ratio (M : F) 60 : 195 49 : 141 11 : 54 0⋅146

BMI≥25 kg/m2 151 (59⋅2) 116 (61⋅1) 35 (54) 0⋅306

ASA fitness grade≥ III 112 (43⋅9) 101 (53⋅2) 11 (17) <0⋅001

First cholecystectomy

Jaundice before surgery 24 (9⋅4) 21 (11⋅1) 3 (5) 0⋅125

Preoperative biliary drainage 15 (5⋅9) 12 (6⋅3) 3 (5) 0⋅597

Acute cholecystitis before surgery 119 (46⋅7) 92 (48⋅4) 27 (42) 0⋅337

Cholelithiasis at surgery 215 (84⋅3) 157 (82⋅6) 58 (89) 0⋅207

Open cholecystectomy 64 (25⋅1) 63 (33⋅2) 1 (2) <0⋅001

Chronic cholecystitis 26 (10⋅2) 26 (13⋅7) 0 (0) 0⋅002

Carcinoma differentiation 0⋅035

Well 40 (15⋅7) 32 (16⋅8) 8 (12)

Moderately 171 (67⋅1) 132 (69⋅5) 39 (60)

Poorly 44 (17⋅3) 26 (13⋅7) 18 (28)

Tumour category 0⋅135

T1 39 (15⋅3) 25 (13⋅2) 14 (22)

T2 169 (66⋅3) 126 (66⋅3) 43 (66)

T3 47 (18⋅4) 39 (20⋅5) 8 (12)

Perineural and/or lymphovascular invasion 96 (37⋅6) 82 (43⋅2) 14 (22) 0⋅001

Liver bed margin positive 40 (15⋅7) 32 (16⋅8) 8 (12) 0⋅241

Cystic duct margin positive 30 (11⋅8) 25 (13⋅2) 5 (8) 0⋅134

Cystic duct lymph node removed 38 (14⋅9) 31 (16⋅3) 7 (11) 0⋅344

Second radical resection

Preoperative chemotherapy 14 (5⋅5) 13 (6⋅8) 1 (2) 0⋅129

Preoperative radiation therapy 7 (2⋅7) 7 (3⋅7) 0 (0) 0⋅117

Interval between first and second operation ≥60 days 166 (65⋅1) 117 (61⋅6) 49 (75) 0⋅054

Values in parentheses are percentages unless indicated otherwise; *values are median (range). †χ2 test except ‡Wilcoxon signed-rank test.

© 2019 BJS Society Ltd www.bjs.co.uk BJS 2020; 107: 289–300
Published by John Wiley & Sons Ltd



Resection of gallbladder cancer 293

Table 2 Surgical characteristics and outcomes

All patients Open re-resection Laparoscopic re-resection

(n=255) (n=190) (n=65) P†

Main procedure

Segment IVb+V resection 247 (96⋅9) 182 (95⋅8) 65 (100) 0⋅209

Major liver resection 8 (3⋅1) 8 (4⋅2) 0 (0)

Combined resection

Common bile duct 51 (20⋅0) 49 (25⋅8) 2 (3) <0⋅001

Adjacent organ 17 (6⋅7) 17 (8⋅9) 0 (0) 0⋅008

Hepatic artery and/or portal vein 9 (3⋅5) 9 (4⋅7) 0 (0) 0⋅117

Trocar port 106 (41⋅6) 103 (54⋅2) 3 (5) <0⋅001

Lymph node removal

Hepatic pedicle dissection 222 (87⋅1) 160 (84⋅2) 62 (95) 0⋅019

Common hepatic artery dissection 247 (96⋅9) 183 (96⋅3) 64 (98) 0⋅684

Pancreatoduodenal dissection 157 (61⋅6) 97 (51⋅1) 60 (92) <0⋅001

Para-aortic sampling 170 (66⋅7) 107 (56⋅3) 63 (97) <0⋅001

Estimated blood loss (ml)* 230 (30–2000) 200 (50–2000) 300 (30–1200) 0⋅099‡
Blood loss ≥500 ml 40 (15⋅7) 30 (15⋅8) 10 (15) 0⋅841

Blood transfusion in first 24 h 28 (11⋅6) 22 (11⋅6) 6 (9) 0⋅818

Duration of operation (min)* 240 (60–600) 240 (60–600) 240 (120–275) 0⋅336‡
Any complication 50 (19⋅6) 38 (20⋅0) 12 (18) 0⋅858

Clavien-Dindo grade ≥ IIIa complication 21 (8⋅2) 18 (9⋅5) 3 (5) 0⋅299

90-day mortality 2 (0⋅8) 2 (1⋅1) 0 (0) 1⋅000

Duration of postoperative hospital stay (days)* 5 (1–52) 6 (1–52) 4 (2–18) <0⋅001‡
R1 surgical margin status 21 (8⋅2) 18 (9⋅5) 3 (5) 0⋅299

Residual cancer 87 (34⋅1) 74 (38⋅9) 13 (20) 0⋅006

No. of lymph nodes retrieved* 6 (0–27) 6 (0–27) 6 (0–19) 0⋅573‡
Final N status 0⋅033

N1 74 (29⋅0) 61 (32⋅1) 13

N2 1 (0⋅4) 0 (0) 1

Final M1 disease 7 (2⋅7) 6 (3⋅2) 1 (2) 0⋅682

AJCC stage (7th edition) 0⋅006

I 29 (11⋅4) 15 (7⋅9) 14 (22)

II 116 (45⋅5) 86 (45⋅3) 30 (46)

III 84 (32⋅9) 65 (34⋅2) 19 (29)

IV 26 (10⋅2) 24 (12⋅6) 2 (3)

Postoperative chemotherapy 65 (25⋅5) 45 (23⋅7) 20 (31) 0⋅322

Postoperative radiation therapy 24 (9⋅4) 12 (6⋅3) 12 (18) 0⋅006

Values in parentheses are percentages unless indicated otherwise; *values are median (range). †χ2 test except ‡Wilcoxon signed-rank test.

V; there are no clear data to support one practice over
another30. In patients with incidental gallbladder cancer,
the authors believe that at least a 2-cm wedge resection
of the gallbladder fossa is needed. In patients with T3
tumours, segments IVb and V were frequently resected.
The technique for this laparoscopic liver resection has
already been reported in detail14.

Management after re-resection

Common bile duct resection was undertaken only in
patients with a positive cystic duct stump margin after

re-resection or macroscopic tumour invasion. Combined
resection of adjacent organs was done as needed to achieve
R0 resection. Resection of the port site was performed
occasionally according to surgeon preference and clinical
indication.

Tumour staging

Disease was staged according to the AJCC clinical stag-
ing system for gallbladder cancer, seventh edition31. When
pathology reports did not comply with the AJCC sev-
enth edition staging, patients were further reviewed by
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Table 3 Univariable and multivariable Cox regression models for overall survival with inverse probability treatment weighting for
preoperative variables

Univariable analysis Multivariable analysis

Hazard ratio P Hazard ratio P

Laparoscopic versus open approach 1⋅01 (0⋅74, 1⋅38) 0⋅942

Segment IVb+V resection versus major hepatectomy 1⋅61 (0⋅76, 3⋅38) 0⋅210

Combined resection

Common bile duct 1⋅39 (0⋅95, 2⋅03) 0⋅091

Adjacent organ* 2⋅59 (1⋅49, 4⋅51) <0⋅001

Trocar port 0⋅85 (0⋅62, 1⋅18) 0⋅332

Lymph node removal

Hepatic pedicle dissection* 0⋅41 (0⋅23, 0⋅72) 0⋅002

Common hepatic artery dissection* 0⋅50 (0⋅33, 0⋅75) 0⋅001

Pancreatoduodenal dissection 0⋅88 (0⋅65, 1⋅19) 0⋅406

Para-aortic sampling 1⋅21 (0⋅87, 1⋅70) 0⋅258

Estimated blood loss (per ml) 1⋅00 (1⋅00, 1⋅03) 0⋅005

Estimated blood loss ≥500 ml* 1⋅60 (1⋅09, 2⋅33) 0⋅015 1⋅83 (1⋅23, 2⋅74) 0⋅003

Blood transfusion in first 24 h* 2⋅63 (1⋅80, 3⋅83) <0⋅001

Duration of operation (per min) 1⋅00 (1⋅00, 1⋅05) 0⋅316

Any complication 1⋅34 (0⋅95, 1⋅90) 0⋅098

Clavien-Dindo grade ≥ IIIa complication 1⋅18 (0⋅67, 2⋅07) 0⋅568

Postoperative duration of hospital stay (per day) 1⋅04 (1⋅01, 107) 0⋅006

R1 surgical margin status* 4⋅48 (2⋅98, 6⋅74) <0⋅001 1⋅61 (0⋅99, 2⋅59) 0⋅053

Residual cancer* 4⋅05 (2⋅98, 5⋅52) <0⋅001 1⋅91 (1⋅17, 3⋅11) 0⋅009

T3 versus T1–T2 disease* 2⋅05 (1⋅50, 2⋅81) <0⋅001

No. of metastatic lymph nodes

1–3 versus 0* 3⋅12 (2⋅26, 4⋅30) <0⋅001 1⋅37 (0⋅85, 2⋅22) 0⋅194

4–6 versus 0* 9⋅41 (5⋅04, 17⋅55) <0⋅001 3⋅11 (1⋅46, 6⋅65) 0⋅003

M1 disease* 3⋅09 (1⋅43, 6⋅69) 0⋅004

Postoperative chemotherapy* 1⋅50 (1⋅07, 2⋅09) 0⋅019 0⋅88 (0⋅58, 1⋅31) 0⋅522

Values in parentheses are 95 per cent confidence intervals. *Variables entered into the multivariable Cox regression model.

an experienced gastrointestinal pathologist blinded to the
clinical information to meet staging criteria. In addition, at
the time of this analysis, N category was assigned accord-
ing to the 8th edition of the AJCC clinical staging system32

because of recent evidence that the number of lymph
nodes, rather than their location, dictates the prognosis33.
R0 resection was defined as resection with macroscopically
and microscopically tumour-free margins, and R1 resec-
tion as resection with microscopically positive margins or
a tumour-free margin narrower than 1 mm. Residual can-
cer was defined as any pathologically proven cancer tis-
sue in lymph nodes, liver parenchyma, bile duct or distant
organs at the time of re-resection. Postoperative compli-
cations within 90 days after re-resection were graded using
the Clavien–Dindo classification34.

Statistical analysis

Continuous variables are reported as median (range)
and categorical variables as frequency and percentage.

Continuous variables were compared across groups using
the Wilcoxon rank-sum test and categorical variables with
the χ2 test. To account for biases owing to observed con-
founders (preoperative variables with different frequencies
in the laparoscopic and open re-resection groups), logis-
tic regression was conducted to create propensity score
(PS) values, which were used as inverse probability of
treatment weights (IPTWs) in the Cox model (Table S1,
supporting information)35,36. The Hosmer–Lemeshow
test was applied to validate the fit for the logistic model
(larger P values indicate a good fit). For overall assessment
of the logistic regression, discrimination was evaluated
using the c-index, with larger values indicating better
discrimination.

IPTWs enable creation of a synthetic sample in which the
distribution of measured preoperative baseline co-variables
is independent of treatment assignment. For precise
weighting, the weights are estimated from a logistic
regression model for predicting treatment. The weights
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Table 4 Univariable and multivariable Cox regression models for recurrence-free survival with inverse probability treatment weighting
for preoperative variables

Univariable analysis Multivariable analysis

Hazard ratio P Hazard ratio P

Laparoscopic versus open approach* 0⋅68 (0⋅46, 0⋅98) 0⋅043

Segment IVb+V resection versus major hepatectomy* 2⋅24 (1⋅01, 5⋅01) 0⋅050

Combined resection

Common bile duct* 1⋅63 (1⋅04, 2⋅54) 0⋅031

Adjacent organ* 2⋅53 (1⋅30, 4⋅93) 0⋅006

Trocar port 0⋅92 (0⋅63, 1⋅35) 0⋅661

Lymph node removal

Hepatic pedicle dissection 1⋅81 (0⋅54, 6⋅12) 0⋅338

Common hepatic artery dissection 0⋅65 (0⋅39, 1⋅08) 0⋅100

Pancreatoduodenal dissection 1⋅01 (0⋅69, 1⋅45) 0⋅993

Para-aortic sampling 1⋅55 (1⋅01, 2⋅39) 0⋅047

Estimated blood loss (per ml) 1⋅00 (1⋅00, 1⋅01) 0⋅036

Estimated blood loss ≥500 ml* 1⋅41 (0⋅90, 2⋅20) 0⋅133 1⋅59 (0⋅99, 2⋅54) 0⋅051

Blood transfusion in first 24 h* 3⋅11 (2⋅04, 4⋅74) <0⋅001

Duration of operation (per min) 1⋅00 (1⋅00, 1⋅01) 0⋅401

Any complication* 1⋅71 (1⋅15, 2⋅55) 0⋅008

Clavien-Dindo grade ≥ IIIa complication 0⋅75 (0⋅33, 1⋅74) 0⋅509

Postoperative duration of hospital stay (per day)* 1⋅03 (1⋅01, 1⋅06) 0⋅015

R1 surgical margin status* 2⋅15 (1⋅24, 3⋅71) 0⋅006

Residual cancer* 4⋅23 (2⋅94, 6⋅08) <0⋅001 2⋅42 (1⋅46, 4⋅00) <0⋅001

T3 versus T1/T2 disease* 1⋅52 (1⋅03, 2⋅27) 0⋅037

No. of metastatic lymph nodes

1–3 versus 0* 3⋅43 (2⋅35, 5⋅01) <0⋅001 2⋅16 (1⋅29, 3⋅60) 0⋅003

4–6 versus 0* 9⋅91 (4⋅92, 19⋅96) <0⋅001 4⋅39 (1⋅96, 9⋅82) <0⋅001

M1 disease* 2⋅72 (1⋅01, 7⋅32) 0⋅048

Postoperative chemotherapy* 1⋅96 (1⋅35, 2⋅83) <0⋅001

Values in parentheses are 95 per cent confidence intervals. *Variables entered into the multivariable Cox regression model.

are based on each individual’s probability of receiving a
specific treatment given the confounders, which is known
as the PS. The weights are 1/PS for treated participants
and 1/(1−PS) for untreated participants36,37. R package
IPTW survival was used to create the adjusted survival
curves with IPTWs. Co-variables with P < 0⋅050 in the
univariable Cox analysis were included in the multivariable
model. Backward model selection was implemented to
produce the final model.

Competing-risks analysis was used to compare times to
recurrence. The time to recurrence was defined as the
interval between the date of re-resection and the first date
of any local recurrence for patients who had any local recur-
rence during follow-up, and the first date of recurrence of
any kind for those who did not have any local recurrence
during follow-up. The cumulative incidences of recurrence
in the open and laparoscopic re-resection groups were
estimated using competing-risk analyses. Death without
recurrence was deemed the competing risk for recurrence.

Patients who had no recurrence were censored at the last
follow-up date.

Statistical analyses were performed using SAS® version
9.4 (SAS Institute, Cary, North Carolina, USA) and R
version 3.3.3 (R Foundation for Statistical Computing,
Vienna, Austria).

Results

The study included 255 patients, 190 who had open
re-resection and 65 who underwent laparoscopic
re-resection (Fig. S2, supporting information). Patient
and surgical characteristics are summarized by operative
approach in Tables 1 and 2.

Nineteen of the 65 operations in the laparoscopic group
were converted to open surgery. Characteristics of the
patients whose operations were converted are summarized
in Table S2 (supporting information). The only fac-
tor associated with conversion was surgical procedure
performed before 2011 (P = 0⋅019).
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Fig. 3 Competing-risks (death versus relapse) curves stratified by surgical approach
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Propensity score modelling

The logistic regression analysis for PS modelling for the
laparoscopic approach is reported in Table S1 (supporting
information). Univariable analysis was done to build a PS
with pretreatment factors extracted from Table 1. The final
model included eight preoperative variables (c-index 0⋅824;
P = 0⋅903, Hosmer–Lemeshow goodness-of-fit test).

Overall survival

Among the entire cohort of 255 patients, 170 (66⋅7 per
cent) had died and 85 (33⋅3 per cent) were alive by the
60-month follow-up. The median follow-up time among
survivors was 70⋅8 (95 per cent c.i. 53⋅6 to 87⋅3) months.

Median OS was 111⋅8 (57⋅5 to 153⋅3) months. The 3- and
5-year OS rates for the laparoscopic re-resection group
were not inferior to those for the open re-resection group
(3 years: 87 and 62⋅1 per cent respectively; 5 years: 74 and
54⋅3 per cent; P = 0⋅502 for the adjusted curves). The
results of univariable and multivariable Cox proportional
hazards models for OS are shown in Table 3. Residual
cancer, blood loss of at least 500 ml and four to six positive
nodes were independently associated with worse OS.
Surgical approach was not associated with OS (Fig. 1a),
irrespective of T category (Fig. 1b), or in a selected cohort
without major liver resection, adjacent organ resection,
vascular resection and common bile duct resection (Fig. S3,
supporting information).
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Recurrence-free survival

Of the 255 patients, 76 (29⋅8 per cent) experienced disease
recurrence. The 3- and 5-year RFS rates were lower in
the open re-resection group than the laparoscopic group
(3 years: 65⋅4 versus 81 per cent; 5 years: 63⋅3 versus 76
per cent; P = 0⋅038). Patterns of recurrence are shown
in Fig. 2. The open and laparoscopic re-resection groups
were similar with respect to every pattern of recurrence
except carcinomatosis, which was more common in the
open group (P = 0⋅019). The results of univariable and
multivariable Cox proportional hazards models for RFS are
shown in Table 4. Residual cancer, one to three versus no
positive nodes, and four to six versus no positive nodes were
independently associated with worse RFS.

Competing-risks analysis of recurrence
and survival

Among the 255 patients, 146 were alive without recur-
rence at last follow-up, 76 had developed recurrence (67
in open group, 9 in laparoscopic group), and 33 had died
without recurrence. The cumulative incidence curves are
shown in Fig. 3a. The cumulative incidence of recurrence
was significantly higher for open than for laparoscopic
re-resection (P = 0⋅038), whereas the cumulative risk of
death was similar in the two groups (P = 0⋅273). Because
residual cancer is such a strong prognostic factor9 and
the open re-resection group had a higher rate of resid-
ual cancer, the same competing-risks analysis of cumulative
risk was performed with adjustment for residual cancer.
No difference was found in the cumulative incidence of
recurrence or survival in patients with or in those with-
out residual cancer (Fig. 3b,c). Therefore, the difference in
risk shown in Fig. 3 was attributed to rate of residual cancer
in the open and laparoscopic groups, rather than a benefit
derived from the surgical approach. The estimated proba-
bility of recurrence was 0⋅23 per cent during the first year
and 0⋅35 per cent during the first 5 years in patients who
had open re-resection, and 0⋅10 per cent during the first
year and 0⋅23 per cent during the first 5 years in those who
underwent laparoscopic re-resection.

Discussion

In this study, laparoscopic re-resection was not inferior
to open re-resection regarding OS, RFS, 90-day mortal-
ity, minor and severe morbidity, duration of operation,
blood loss, number of positive lymph nodes, proportion
of patients with R1 resection and patterns of recur-
rence. Moreover, in the multivariable analysis, short-

and long-term outcomes were not related to the surgi-
cal approach. The median hospital stay was significantly
shorter for patients who underwent laparoscopic compared
with open re-resection.

Accurate estimation of prognosis in patients with gall-
bladder cancer is related to optimal lymph node stag-
ing. This can be achieved with a systematic and complete
dissection28. In the present study, the median number of
lymph nodes retrieved was six for both laparoscopic and
open surgery. This suggests that laparoscopic re-resection
with curative intent is similar to standard open re-resection
with respect to the completeness of lymph node dissec-
tion. This is crucial, because in the eighth edition of the
AJCC staging system for gallbladder cancer the number
of positive lymph nodes, rather than their location, dic-
tates the nodal category28,33, and it is recommended that
at least six lymph nodes be harvested and evaluated during
re-resection38,39.

Another important finding of the present study relates
to the impact of port-site resection. Some 54⋅2 per cent
of patients in the open group underwent port-site resec-
tion compared with 5 per cent in the laparoscopic group.
Port-site resection was not associated with improved
OS or RFS. Although a previous study40 suggested that
port-site metastases were a harbinger of generalized peri-
toneal recurrence, data from the present analysis and other
studies41,42 refute this; when patients with R0 resection
and similar T and N category were compared, port-site
resection did not prevent carcinomatosis, or improve OS
or RFS. Therefore, the authors do not routinely resect
previous port sites during re-resection for gallbladder
cancer.

The 29 per cent rate of conversion from laparoscopic
to open re-resection here reflects the usual learning curve
for new laparoscopic procedures. In the first report of
laparoscopic surgery for gallbladder cancer16, more than
half of the surgical procedures initiated by a laparoscopic
approach were converted to open surgery because of dense
adhesions that prevented a complete exploration or lym-
phadenectomy. In the present study, the only predictor of
conversion was laparoscopic resection performed before
2011, approximately the midpoint of the interval covered.
This suggests that there has been significant progress in
laparoscopic liver surgery in recent years.

At present, few data are available on long-term survival
after laparoscopic re-resection for gallbladder cancer;
published reports document 5-year survival rates rang-
ing from 68⋅8 to 94⋅2 per cent (Table S3, supporting
information)22–24. However, none of these studies directly
compared the results of laparoscopic and open surgery
while controlling for selection bias. In a small cohort
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study, Itano and colleagues19 compared survival between
open (14 patients) and laparoscopic (16) approaches and
found no statistically significant difference in RFS or OS
between the groups (P = 0⋅07 and P = 0⋅09 respectively).
In the present study, OS and RFS were not inferior for
laparoscopic compared with open re-resection. Moreover,
laparoscopic re-resection was found to be oncologically
safe, and key predictors of poor OS related to tumour
biology not surgical approach. These predictors are four
to six positive lymph nodes, residual cancer and blood loss
of at least 500 ml.

Although this large multi-institutional study of the
laparoscopic management of incidental gallbladder cancer
evaluated important prognosticators, while minimiz-
ing selection bias, it has some limitations. First, the
study is retrospective and may have inherent biases.
Non-quantifiable or unknown measures that may influ-
ence treatment selection cannot be controlled for with
this approach or any other method aside from an RCT.
However, the multi-institutional IPTW analysis of 255
patients controlled for measurable biases as much as pos-
sible. Although an RCT would provide further validation,
this may not be feasible owing to the rarity of the disease
and the current limited diffusion of the technical skills
needed to perform laparoscopic re-resection. Second, to
date, laparoscopic re-resection for gallbladder cancer has
mostly been performed in patients not requiring extensive
bile duct or multivisceral resection. Although patients
should ideally have access to laparoscopic re-resection,
those with advanced gallbladder cancer may at present be
best served with open re-resection. For safe selection, the
pathological specimen from the index cholecystectomy
must be reviewed for high-risk prognostic features9,43–49,
including T3 disease, gallbladder perforation at the time of
index cholecystectomy, positive liver margin and high car-
bohydrate antigen 19-9 level50. These parameters together
with surgeon experience should guide the additional evalu-
ation to optimize patient selection for a minimally invasive
approach. If advanced incidental gallbladder cancer is
discovered, open re-resection may be preferable, or an
appropriately low threshold for conversion applied if the
operation is commenced laparoscopically. Nevertheless,
this study has shown that laparoscopic re-resection for
selected patients with incidental gallbladder cancer is
safe, oncologically effective and associated with similar
morbidity to the open approach.
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