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ORIGINAL ARTICLE – HEPATOBILIARY TUMORS
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ABSTRACT

Background. Extended resections (i.e., major hepatec-

tomy and/or pancreatoduodenectomy) are rarely performed

for gallbladder cancer (GBC) because outcomes remain

inconclusive. Data regarding extended resections from

Western centers are sparse. This Dutch, multicenter cohort

study analyzed the outcomes of patients who underwent

extended resections for locally advanced GBC.

Methods. Patients with GBC who underwent extended

resection with curative intent between January 2000 and

September 2018 were identified from the Netherlands

Cancer Registry. Extended resection was defined as a

major hepatectomy (resection of C 3 liver segments), a

pancreatoduodenectomy, or both. Treatment and survival

data were obtained. Postoperative morbidity, mortality,

survival, and characteristics of short- and long-term sur-

vivors were assessed.

Results. The study included 33 patients. For 16 of the

patients, R0 resection margins were achieved. Major post-

operative complications (Clavien Dindo C 3A) occurred for

19 patients, and 4 patients experienced postoperative mor-

tality within 90 days. Recurrence occurred for 24 patients.

The median overall survival (OS) was 12.8 months (95%

confidence interval, 6.5–19.0 months). A 2-year survival

period was achieved for 10 patients (30%) and a 5-year

survival period for 5 patients (15%). Common bile duct,

liver, perineural and perivascular invasion and jaundice were

associated with reduced survival. All three recurrence-free

patients had R0 resection margins and no liver invasion.

Conclusion. The median OS after extended resections for

advanced GBC was 12.8 months in this cohort. Although

postoperative morbidity and mortality were significant,

long-term survival (C 2 years) was achieved in a subset of

patients. Therefore, GBC requiring major surgery does not

preclude long-term survival, and a subgroup of patients

benefit from surgery.

Gallbladder cancer (GBC) is a rare tumor. Worldwide

incidence rates are fewer than 2 per 100,000, with signif-

icant geographic variation.1,2 Nevertheless, it is the most
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common biliary tumor.3,4 Gallbladder cancer is character-

ized by locally aggressive behavior and early spread to

regional lymph nodes.1 Timely diagnosis of GBC is diffi-

cult due to the late, nonspecific symptoms and a tendency

for early metastatic spread.5 As a result, GBC is diagnosed

at an advanced stage in the majority of cases.6–8

Complete surgical resection is the only curative treat-

ment.9 The majority of long-term survivors are patients

with GBC diagnosed incidentally after cholecystectomy for

presumed benign gallbladder disease. Only 10% to 20% of

tumors diagnosed preoperatively, are amenable to resection

at presentation, and the prognosis after resection remains

unfavorable.10–14 Patients with T4 disease, even after rad-

ical resection, have a median overall survival (OS) period

of only 11 months.14

To achieve resection with tumor-free margins, extended

resections such as major hepatectomy, pancreatoduo-

denectomy (PD), and even hepatopancreatoduodenectomy

have been performed for advanced tumors.15–17 However,

extended resections are associated with significant post-

operative morbidity and mortality ([ 50%), whereas the

benefit in terms of survival remains unclear.15 Moreover,

almost all published studies are single-center series from

non-Western countries. Only two Western studies were

published more than one decade ago.15,18 Nationwide data

are essential for light to be shed on actual clinical outcomes

for GBC patients.

This study aimed to analyze the results of extended

resections for patients with advanced GBC in a Dutch

multicenter nationwide study, to determine postoperative

morbidity, mortality, and survival, and to identify factors

associated with short- and long-term survival.

METHODS

The study was approved by the Medical Ethics Com-

mittee of the Arnhem-Nijmegen region (METc no.

2017-3912) and conducted according to Strengthening the

Reporting of Observational Studies in Epidemiology

(STROBE) guidelines for observational cohort studies.19

Patients were identified from the Netherlands Cancer

Registry (NCR). The NCR contains data on all newly

diagnosed malignancies including year of diagnosis,

patient age and gender, tumor characteristics (tumor-node-

metastasis [TNM] stage), patient identification number,

and treatment hospital. The data from the NCR are based

on data from the automated pathologic archive (PALGA),

the nationwide network, and the registry of histo- and

cytopathology in The Netherlands, supplemented by data

from the National Archive of Hospital Discharge

Diagnosis.20 Patients treated for GBC in any tertiary

referral center in The Netherlands were included in a

national, retrospective database.

Patient Selection and Variable Definitions

Patients with histopathologically proven GBC who

underwent extended resection were included in the current

study. Extended resection was defined as a major hepate-

ctomy (resection of C 3 liver segments), a PD, or both,

with or without en bloc resection of adjacent organs

(duodenum, colon, or stomach) with curative intent. The

study excluded patients who underwent a simple chole-

cystectomy, a resection or re-resection of the gallbladder

bed, a minor hepatectomy (\ 3 segments), and/or lymph

node dissection along the hepatoduodenal ligament without

associated major liver resection. Patients with incidentally

diagnosed GBC (i.e., during or after cholecystectomy for

presumed benign disease) also were excluded.

Data on patient characteristics, preoperative bilirubin

and carbohydrate antigen 19-9 (CA19-9), operative char-

acteristics, tumor characteristics, postoperative morbidity

and mortality, recurrence, and OS were obtained from the

medical records. Tumor staging was reported according to

the American Joint Committee on Cancer (AJCC) staging

system.21 Resection margins were classified as R0 (margin

distance to tumor C 1 mm) and R1 (micro- or macro-

scopically positive margin). Intraoperative hemorrhage was

defined as intraoperative blood loss of at least 1000 ml or

blood loss requiring a blood transfusion intraoperatively.

Data on postoperative complications were determined

according to the Clavien–Dindo classification system and

included complications up to 90 days after surgery.22

Major complications were defined as Clavien–Dindo grade

3A or higher. Postoperative mortality was defined as death

due to any cause within 90 days postoperatively.

Determination of OS included deaths from any cause.

Short-term survival was defined as survival up to 6 months,

including postoperative mortality. Long-term survival was

defined as survival 2 years or longer. Disease-free survival

was defined as the number of months from extended

resection to the date of recurrence or the date of the last

follow-up assessment. Adjuvant therapy was administered

only in a clinical trial setting because it was not considered

standard of care during the study period.

Statistical Analysis

Continuous variables are presented as median (in-

terquartile range), and categorical data are presented as

number (%). Survival was reported using Kaplan–Meier

methods, and differences in survival were analyzed using

the log-rank test. All p values of 0.05 or lower were
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considered statistically significant. All statistical analyses

were performed using SPSS Statistics for Windows, ver-

sion 23.0 (IBM Corporation, Armonk, NY, USA).

RESULTS

Patient Characteristics

Between January 2000 and September 2018, 289

patients underwent a surgical resection for pre- or post-

operatively diagnosed GBC with curative intent in the

participating centers. During this period, 33 patients with

pre-or intraoperatively diagnosed GBC (11%) underwent

an extended resection and were included in the study.

The cohort consisted of 13 men (39%) and 20 women

(61%). The median age at the time of diagnosis was

64 years (interquartile range [IQR], 57.0–68.5 years)

(Table 1). The presenting symptoms were jaundice

(n = 21), abdominal pain (n = 16), nausea (n = 8), weight

loss (n = 7), discolored defecation (n = 3), fever (n = 1),

back pain (n = 1), and liver enzyme disorders (n = 1). At

presentation, CA19-9 was tested in 12 patients and showed

a median value of 542 kU/l (IQR, 87–3500 kU/l). At pre-

sentation, bilirubin levels were available for 19 patients,

with a median value of 94 lmol/l (IQR, 12–159 lmol/l).

None of the patients were Asian or had a diagnosis of

primary sclerosing cholangitis (PSC).

Preoperative Workup and Treatment

The preoperative workup consisted of ultrasonography

(US) (n = 25), endoscopic US (n = 5), computed tomog-

raphy (CT) (n = 33), magnetic resonance imaging (MRI)

(n = 20), and positron emission tomography (PET)-CT

(n = 5). Preoperative imaging for 30 patients (91%)

showed adjacent organ invasion into the extrahepatic bile

ducts (n = 22, 67%), liver (n = 16, 49%), pancreas (n = 7,

21%), or duodenum (n = 1, 3%). Preoperative biliary

drainage was performed for 20 patients, and all 20 patients

(61%) underwent endoscopic retrograde cholangiopancre-

atography. For two patients (6%), an additional

percutaneous transhepatic cholangiography was required.

For eight patients (24%), a diagnostic laparoscopy was

performed. A portal vein embolization was performed for

five patients (15%). None of the patients received neoad-

juvant chemotherapy (NACT).

The indications for extended resection were suspicion

for GBC, cholangiocarcinoma (CCA), or pancreatic cancer

with invasion of adjacent organs. The main indications for

major hepatectomies were a suspicion of hilar CCA (n = 4)

or GBC with liver involvement, discovered on preoperative

imaging (n = 11) or intraoperatively (n = 4). One of these

patients had a clear indication for a major hepatectomy

instead of a minor hepatectomy, which could not be

obsoleted retrospectively. The main indications for a PD

were suspicion for distal CCA (n = 2), suspicion for pan-

creatic cancer (n = 2), GBC with pancreatic involvement

or suspicious lymph nodes around the pancreas preopera-

tively (n = 5), and GBC with involvement of the

duodenum intraoperatively (n = 3). The indication for

hepatopancreatoduodenectomy was GBC with involvement

of the liver and extension into the distal bile duct and portal

vein shown on preoperative imaging (n = 1) as well as

GBC with involvement of the liver and intraoperative

suspected lymph node invasion around the pancreas

requiring resection of the pancreatic head (n = 1).

TABLE 1 Patient and operative characteristics of gallbladder cancer

patients who underwent extended resection

Total (n = 33) n %

Median age: years (IQR) 64 (57–69)

Gender

Female 20 (61)

Male 13 (39)

ASA classificationa

1 5 (20)

2 14 (56)

3 6 (24)

Preoperative biliary drainage

No 13 (39)

Yes 20 (61)

PVE performed

No 28 (85)

Yes 5 (15)

Type of surgery

Left hemihepatectomy 1 (3)

Extended right hemihepatectomy 7 (21)

Right hemihepatectomy 11 (33)

Right hemihepatectomy ? PD 2 (6)

PD ? wedge 11 (33)

PD ? segments 4 and 5 1 (3)

Portal vein reconstruction

No 23 (70)

Yes 10 (30)

Postoperative complications

No 5 (15)

Yes,\CD3 9 (27)

Yes, C CD3 19 (58)

IQR interquartile range, ASA American society of anesthesiologists,

PVE portal vein embolization, PD pancreatoduodenectomy, CD
Clavien–Dindo classification system
aEight missing values
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Operative Characteristics

The operative characteristics of the entire cohort are

presented in Table 1. The surgical procedures consisted of

right hepatectomy (n = 11), extended right hepatectomy

(n = 7), PD with wedge resection (n = 11), PD with con-

current segment 4 and 5 resection (n = 1) and left

hepatectomy (n = 1), and PD combined with right hepa-

tectomy (n = 2). Additionally, the colon was partially

resected due to intraoperative involvement in two cases,

and the ovaries were resected in one case. All the patients

underwent a lymph node dissection and resection of the

common bile duct (CBD). The portal vein was recon-

structed in 10 patients (30%).

Intraoperative complications occurred for five patients

(15%), consisting of hemorrhage in five patients and an

additional systemic inflammatory response syndrome

(SIRS) in one patient. All the intraoperative complications

occurred for patients who underwent a major hepatectomy

(Table 2).

Tumor Characteristics

Histopathologic analysis showed tumor-free margins in

16 patients (49%; Table 3). Histology showed adenocar-

cinoma (n = 29), squamous-cell carcinoma (n = 1), and

adenosquamous carcinoma (n = 1). The histopathologic

subtype was not described for two patients. Tumor differ-

entiation grade, reported for 22 patients, was good in 6

patients (27%), moderate in 9 patients (41%), and poor in 7

patients (32%). Perineural invasion was found in 24

patients (73%) and perivascular invasion in 16 patients

(49%).

Postoperative Morbidity and Mortality

Major postoperative complications within 90 days

occurred for 19 patients (58%), as described in Table 2.

Four postoperative deaths (12%) occurred, two due to

sepsis (because of liver failure or anastomotic leakage), one

due to liver failure after portal vein thrombosis, and one

due to aspiration and hypoxia.

Adjuvant Treatment, Follow-Up Evaluation,

and Survival

Two patients received adjuvant chemotherapy (gemc-

itabine and cisplatin for 1 patient and capecitabin for 1

patient), and five patients received chemotherapy with

palliative intent at the time of recurrence. Recurrence

occurred for 24 patients (73%) after a median disease-free

interval of 11 months (95% confidence interval [CI],

6.4–15.7 months). Imaging during follow-up assessment

showed recurrence locally (n = 13), on the peritoneum

(n = 10), in the liver (n = 9), in the lungs (n = 1) and at

other locations (n = 7). All mortality was disease-related

(i.e., due to postoperative complications, progression, or

recurrence).

The median OS was 12.8 months (95% CI,

6.5–19.0 months; Fig. 1a) after a median follow-up period

of 13 months. The median OS, excluding postoperative

mortality, was 15.9 months (95% CI, 9.1–22.7 months),

and the median disease-free survival was 10.1 months

(95% CI, 4.5–15.8 months).

No significant survival difference was found between

R0 and R1 resections. The median OS was 11.1 months for

the R0 patients versus 12.8 for the patients with a R1

resection (p = 0.203; Fig. 1B). Three patients were still

TABLE 2 Serious (C CD3a) postoperative complications within 90 days after extended resections in gallbladder cancer patients

Major hepatectomy (n = 19) n (%) PD (n = 12) n (%) Major hepatectomy ? PD (n = 2) n (%)

Postoperative complications C CD3 11 (58) 7 (58) 1 (50)

Intraabdominal abscess 1 3 0

Ascites 4 0 0

Abdominal hemorrhage 0 3 1

Anastomotic leakage 1 3 0

Pancreatic fistula 1 0 0

Respiratory 3 1 1

Cardiac 1 0 0

Liver failure 1 1 0

Sepsis/SIRS/systemic shock 4 3 0

Other 2 2 1

Postoperative mortality 3 (16) 1 (8) 0 (0)

PD pancreatoduodenectomy, CD Clavien–Dindo classification system, SIRS systemic inflammatory response syndrome
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alive without signs of disease at the time of this study

(median follow-up period, 97 months).

The characteristics of the short-term survivors

(B 6 months; n = 9) and the long-term survivors

(C 2 years; n = 10) are reported in Tables 4 and 5,

respectively. When the patients who died of postoperative

complications were excluded, eight of nine short-term

survivors showed jaundice at the time of presentation, and

all the patients showed perineural and perivascular inva-

sion, invasion of the liver parenchyma, and CBD in the

histopathologic analysis. All the long-term survivors

without recurrence (n = 3) showed tumor-free resection

margins without signs of perivascular invasion or liver

invasion in the histopathologic analysis. One long-term

survivor without recurrence received adjuvant

chemotherapy.

DISCUSSION

This national, retrospective cohort analysis is the first

Western study in the past decade to investigate the out-

comes of extended resections for GBC. This series showed

that major hepatectomies and PDs rarely are performed for

advanced GBC in The Netherlands. Despite a reported

median disease-free survival of 10.1 months and a median

OS of 12.8 months, 21% of the patients survived beyond

3 years. Major postoperative complications occurred for

58% of the patients and postoperative mortality for 12% of

the patients. In 49% of the patients, R0 resection margins

were achieved.

TABLE 3 Pathologic characteristics of gallbladder cancer patients

after extended resections

Total (n = 33) n (%)

pTa

T1 0 (0)

T2 4 (13)

T3 18 (55)

T4 10 (31)

pN

N0 13 (39)

N1 11 (33)

N2 9 (27)

pMb

M0 22 (71)

M1 9 (29)

Resection margin

R0 16 (49)

R1 17 (52)

Differentiation gradec

Good 6 (27)

Moderate 9 (41)

Poor 7 (32)

Perineural invasion

No 9 (27)

Yes 24 (73)

Vascular invasion

No 17 (52)

Yes 16 (49)

Liver invasion

No 12 (36)

Yes 21 (64)

Histologyb

Adenocarcinoma 29 (94)

Squamous-cell carcinoma 1 (3)

Adenosquamous carcinoma 1 (3)

aOne missing value
bTwo missing values
cEleven missing values
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In a study from the Memorial Sloan Kettering Cancer

Center,15 comparable mortality rates were described, with a

postoperative mortality rate of 14% (5 of 36 patients) for

major hepatectomies. Recurrence occurred for 24 patients

(73%). In that study, R0 resection margins were achieved

for 91% of the patients, and the 5-year survival rate was

27%. Nevertheless, in that study, some patients without

evidence of inflow involvement underwent empiric major

hepatectomy, whereas in our study all the patients except

one were suspected of tumor extension to other organs,

necessitating extended resection for tumor-free margins.

The value of extended surgery for advanced GBC

remains questionable. Results from previous studies

investigating patients undergoing hepatopancreaticoduo-

denectomy show virtually no survival beyond 2 years and a

R0 resection rate of only 20%.23,24 In our cohort, the 2-year

survival rate was 30% and the 5-year survival rate was

12%. The patients with an R0 resection (achieved for 49%)

had a 5-year survival rate of 19%. Multivariable analysis in

a previous study by Fong et al.25 showed that the extent of

liver resection did not influence long-term survival.

Another study argued that wedge resection is to be reserved

for patients with minimal liver invasion and that extensive

liver resections should be performed for patients who have

advanced tumors with extensive liver invasion or hepatic-

hilar-type tumors.26 Unfortunately, due to low numbers of

patients, we could not study the association between extent

of liver invasion, resection, and survival. However, it is

known from a population-based study that the 1-year sur-

vival rate for patients with unresected, advanced GBC is

less than 10%, versus a 1-year survival of 55% and a

median OS of 12.8 months in our cohort including patients

who died of surgery-related complications.27 The median

OS of all patients who had unresected GBC treated with

palliative chemotherapy was 6.4 months in our nationwide

cohort (unpublished results). Moreover, in the ABC-02 trial

(gemcitabine ? cisplatin vs gemcitabine alone for unre-

sected biliary tract cancer), no survivors beyond 3 years

were reported, whereas our cohort had a 3-year survival

rate of 20%.28

Although no significant survival difference between R0

and R1 patients was observed, all three long-term survivors

without recurrence clearly had R0 resection margins. The

lack of a statistically significant difference therefore was

most likely caused by our small sample size. Other

explanations include possible per-centra and over-time

differences in R0 or R1 resection margin criteria as well as

differences in experience and quality of pathologists.

TABLE 4 Characteristics of short-term survivors (B 6 months)

Age (years),a

gender, ASA

Jaundicea Procedure pTNM R

status

Perineural

invasion

Vascular

invasion

Liver

invasion

CBD

invasion

Follow-up

(days)

Cause of

death

66, M, 3 Yes RH T4N0M0

R0

Yes Yes Yes No 6 Postop

comp

77, M, NA Yes RH T3N1M0

R1

Yes Yes Yes Yes 10 Postop

comp

73, M, 2 Yes RH T3N0Mx

R1

Yes No Yes Yes 10 Postop

comp

64, F, NA Yes PD T4N1M1

R1

Yes Yes Yes Yes 17 Postop

comp

64, F, 2 Yes PD T3N2M1

R0

Yes Yes Yes Yes 63 Progression

70, F, 3 No RH T4N1M0

R1

Yes Yes Yes Yes 130 Progression

58, F, 3 Yes PD T4N2M1

R1

Yes Yes Yes Yes 141 Progression

64, M, 2 Yes Ext RH T3N1M0

R1

Yes Yes Yes Yes 155 Progression

67, M, NA Yes Ext RH T3N0M0

R0

Yes Yes Yes Yes 157 Recurrence

ASA American society of anesthesiologists, pTNM pathologic tumor-node metastasis, CBD common bile duct, M male, RH right hemihepate-

ctomy, Postop comp postoperative complications, F female, PD pancreatoduodenectomy, Ext RH extended right hemihepatectomy, NA not

available
aAt presentation
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Identification of prognostic factors is vital for adequate

patient selection. Our results show that except for a short-

term survivor, all the patients were jaundiced at presenta-

tion, a factor known to have a negative influence on

survival.29 Additionally, all the short-term survivors had a

pT3 or pT4 stage tumor, and the majority had positive

lymph nodes. In contrast, few long-term survivors had a

high T stage and positive lymph nodes. Except for the

patients who died of postoperative complications, all the

short-term survivors had both perivascular invasion and

invasion of the liver parenchyma. These factors also were

associated with poor survival in other studies.24,30,31

In-depth preoperative assessment using imaging tech-

niques such as contrast-enhanced MRI may identify

patients with smaller, localized tumors amenable to

resection.32 The use of PET scans and PET-CT scans might

be especially helpful in detecting unsuspected

metastasis.33–35

Although our cohort likely comprised a highly selected

subgroup of patients fit to undergo extensive surgery with

no suspicion for metastasis, our results demonstrate that for

these patients, long-term survival after extended surgery is

possible. However, the high morbidity and mortality rates

associated with extensive liver surgery need to be weighed

against the apparent survival benefit. Postoperative quality

of life (QoL) must be taken into account when extended

resection is considered. Unfortunately, due to the retro-

spective nature of this study, we were not able to assess

QoL by using questionnaires.

Identification of the correct tumor type and location

preoperatively may be difficult in GBC. In 12 of 33 cases

of our series, CCA or pancreas carcinoma was suspected

instead of GBC preoperatively. Infiltration by tumor or

inflammation in surrounding tissues (i.e., pancreas, hilum

or extrahepatic bile ducts) makes identification of primary

tumor location on preoperative imaging challenging.

Moreover, differentiating malignant invasion in adjacent

organs from inflammation is difficult. In a study from

Memorial Sloan Kettering Cancer Center, a subgroup of

patients required resection of adjacent organs due to tumor

adhesion. Definitive histopathology showed tumor invasion

in only half of these patients.15

Results from the recently published BILCAP trial sug-

gest that adjuvant capecitabine can improve OS for patients

with resected biliary tract cancer.36 Currently, adjuvant or

neoadjuvant chemotherapy is not considered standard of

care in The Netherlands, as reflected by the small number

of patients in our cohort who received chemotherapy.37

TABLE 5 Characteristics of long-term survivors (C 24 months)

Age (years),a

gender, ASA

Jaundicea Procedure pTNM R

status

Perineural

invasion

Vascular

invasion

Liver

invasion

CBD

invasion

Follow-up

(months)

Status

65, M, 2 Yes PD T3N0M0

R0

No No Yes No 24 Deceased,

recurrence

63, M, 2 Yes RH T2N0M0

R1

Yes Yes No No 24 Alive, with

recurrence

67, F, 2 No RH T4N1M0

R0

Yes No No No 27 Deceased,

recurrence

79, F, 2 No PD T2N2M0

R1

No Yes No No 29 Deceased,

recurrence

63, M, 3 Yes PD T4N1M0

R1

Yes No No No 39 Deceased,

recurrence

46, M, 2 Yes RH ? PD T3N1M0

R0

Yes Yes Yes Yes 49 Deceased,

recurrence

69, F, 2 Yes RH ? PD T4N2M1

R1

Yes No No No 71 Deceased,

recurrence

65, M, 3 No RH T3N0M0

R0

Yes No No Yes 86 Alive, no

recurrence

53, F, 1 No RH T2N2M0

R0

No No No No 91 Alive, no

recurrence

68, F, 2 No PD T3N0M0

R0

No No No No 119 Alive, no

recurrence

ASA American Society of Anesthesiologists, pTNM pathologic tumor-node metastasis, CBD common bile duct, M male, PD pancreatoduo-

denectomy, RH right hemihepatectomy, F female
aAt presentation

Extended Surgery for Gallbladder Cancer 841



However, one of three long-term survivors without recur-

rence received adjuvant capecitabine, providing additional

support for the use of adjuvant chemotherapy.

Moreover, a recent article reported significantly lower

recurrence rates and better OS for patients receiving

adjuvant chemoradiation therapy versus surgery alone for

resected GBC. Notably, this benefit was observed only for

patients with positive lymph node status, and patients with

N0 disease did not appear to benefit from adjuvant ther-

apy.38 Therefore, administration of adjuvant

chemoradiation might be helpful for pN1/2 patients fit to

undergo adjuvant therapy.

A recent systematic review stated that although favor-

able tumor response and increased resectability rates have

been reported after NACT, the evidence currently is

insufficient to support its routine use.39 However, the

authors also concluded that future randomized trials should

be conducted to investigate the role of NACT in advanced

GBC. Because radical resection seems to be the only way

long-term survival can be achieved, NACT before resec-

tion for locally advanced gallbladder cancer patients (e.g.,

the patients in our cohort) may further improve outcomes.

Our study had several limitations. First, the small

number of patients made it impossible to draw statistical

conclusions about prognostic factors for prolonged survival

after extended resections for GBC Second, due to the ret-

rospective nature of the study, a large amount of data were

missing. Unfortunately, prospective research is logistically

challenging due to the low incidence of this type of tumor.

Future international collaborative studies should include a

larger cohort of patients, preferably based on prospective

data collection.

In conclusion, median OS after major resection for

advanced GBC in our cohort was 12.8 months, and 10

patients survived longer than 2 years. Jaundice at the time

of presentation, perineural and perivascular invasion, pos-

itive lymph nodes, and invasion of the liver parenchyma

and CBD demonstrated via histopathologic examination

were present in patients with poor survival. Because major

postoperative complications were frequent and postopera-

tive mortality occurred in 12% of the patients, the

prognosis for these patients was extremely poor if no sur-

gery was performed. Therefore, extended resections for

patients with locally advanced GBC should be considered

if the morbidity and mortality rates are acceptable for the

patient compared with the presumed benefit in terms of

survival and QoL.

DISCLOSURES There are no conflicts of interest.

OPEN ACCESS This article is licensed under a Creative Commons

Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as

long as you give appropriate credit to the original author(s) and the

source, provide a link to the Creative Commons licence, and indicate

if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless

indicated otherwise in a credit line to the material. If material is not

included in the article’s Creative Commons licence and your intended

use is not permitted by statutory regulation or exceeds the permitted

use, you will need to obtain permission directly from the copyright

holder. To view a copy of this licence, visit http://creativecommons.

org/licenses/by/4.0/.

REFERENCES

1. Lazcano-Ponce EC, Miquel JF, Munoz N, et al. Epidemiology

and molecular pathology of gallbladder cancer. CA Cancer J
Clin. 2001;51:349–64.

2. Stinton LM, Shaffer EA. Epidemiology of gallbladder disease:

cholelithiasis and cancer. Gut Liver. 2012;6:172–87.

3. Siegel RL, Miller KD, Jemal A. Cancer statistics. CA Cancer J
Clin. 2017;67:7–30.

4. Gore RM, Shelhamer RP. Biliary tract neoplasms: diagnosis and

staging. Cancer Imaging. 2007;7(Spec no A):S15–23.

5. Wistuba II, Gazdar AF. Gallbladder cancer: lessons from a rare

tumour. Nat Rev Cancer. 2004;4:695–706.

6. Misra S, Chaturvedi A, Misra NC, Sharma ID. Carcinoma of the

gallbladder. Lancet Oncol. 2003;4:167–76.

7. Duffy A, Capanu M, Abou-Alfa GK, et al. Gallbladder cancer

(GBC): 10-year experience at Memorial Sloan-Kettering Cancer

Centre (MSKCC). J Surg Oncol. 2008;98:485–9.

8. Andren-Sandberg A. Diagnosis and management of gallbladder

cancer. North Am J Med Sci. 2012;4:293–9.

9. Taner CB, Nagorney DM, Donohue JH. Surgical treatment of

gallbladder cancer. J Gastrointest Surg. 2004;8:83–9.

10. Cubertafond P, Mathonnet M, Gainant A, Launois B. Radical

surgery for gallbladder cancer: results of the French surgical

association survey. Hepatogastroenterology. 1999;46:1567–71.

11. Foster JM, Hoshi H, Gibbs JF, et al. Gallbladder cancer: defining

the indications for primary radical resection and radical re-re-

section. Ann Surg Oncol. 2007;14:833–40.

12. Abramson MA, Pandharipande P, Ruan D, Gold JS, Whang EE.

Radical resection for T1b gallbladder cancer: a decision analysis.

HPB Oxf. 2009;11:656–63.

13. Goetze TO, Paolucci V. Benefits of reoperation of T2 and more

advanced incidental gallbladder carcinoma: analysis of the Ger-

man registry. Ann Surg. 2008;247:104–8.

14. Chen C, Geng Z, Shen H, et al. Long-term outcomes and prog-

nostic factors in advanced gallbladder cancer: focus on the

advanced T stage. PLoS One. 2016;11:e0166361.

15. D’Angelica M, Dalal KM, DeMatteo RP, Fong Y, Blumgart LH,

Jarnagin WR. Analysis of the extent of resection for adenocar-

cinoma of the gallbladder. Ann Surg Oncol. 2009;16:806–16.

16. Mizuno T, Ebata T, Yokoyama Y, et al. Major hepatectomy with

or without pancreatoduodenectomy for advanced gallbladder

cancer. Br J Surg. 2019;106:626–35.

17. Yamamoto Y, Sugiura T, Okamura Y, et al. Is combined pan-

creatoduodenectomy for advanced gallbladder cancer justified?

Surgery. 2016;159:810–20.

18. Reddy SK, Marroquin CE, Kuo PC, Pappas TN, Clary BM.

Extended hepatic resection for gallbladder cancer. Am J Surg.
2007;194:355–61.

19. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC,

Vandenbroucke JP. The strengthening the reporting of observa-

tional studies in epidemiology (STROBE) statement: guidelines

for reporting observational studies. BMJ. 2007;370:1453–7.

842 H. Kuipers et al.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


20. Casparie M, Tiebosch AT, Burger G, et al. Pathology databank-

ing and biobanking in The Netherlands, a central role for

PALGA, the nationwide histopathology and cytopathology data

network and archive. Cell Oncol. 2007;29:19–24.

21. Zhu AX, Kooby DA, Schefter TE, Vauthey JN. AJCC cancer

staging manual. 8th ed. New York: Springer; 2017.

22. Dindo D, Demartines N, Clavien PA. Classification of surgical

complications: a new proposal with evaluation in a cohort of

6336 patients and results of a survey. Ann Surg.
2004;240:205–13.

23. Sakamoto Y, Nara S, Kishi Y, et al. Is extended hemihepatec-

tomy plus pancreaticoduodenectomy justified for advanced bile

duct cancer and gallbladder cancer? Surgery. 2013;153:794–800.

24. Kaneoka Y, Yamaguchi A, Isogai M, Harada T, Suzuki M.

Hepatoduodenal ligament invasion by gallbladder carcinoma:

histologic patterns and surgical recommendation. World J Surg.
2003;27:260–5.

25. Fong Y, Jarnagin W, Blumgart LH. Gallbladder cancer: com-

parison of patients presenting initially for definitive operation

with those presenting after prior noncurative intervention. Ann
Surg. 2000;232:557–69.

26. Ogura Y, Matsuda S, Sakurai H, Kawarada Y, Mizumoto R.

Central bisegmentectomy of the liver plus caudate lobectomy for

carcinoma of the gallbladder. Dig Surg. 1998;15:218–23.

27. Witjes CD, van den Akker SA, Visser O, et al. Gallbladder cancer

in the Netherlands: incidence, treatment, and survival patterns

since 1989. Dig Surg. 2012;29:92–8.

28. Valle J, Wasan H, Palmer DH, et al. Cisplatin plus gemcitabine

versus gemcitabine for biliary tract cancer. N Engl J Med.
2010;362:1273–81.

29. Dasari BVM, Ionescu MI, Pawlik TM, et al. Outcomes of surgical

resection of gallbladder cancer in patients presenting with jaun-

dice: a systematic review and meta-analysis. J Surg Oncol.
2018;118:477–85.

30. Yamaguchi R, Nagino M, Oda K, Kamiya J, Uesaka K, Nimura

Y. Perineural invasion has a negative impact on survival of

patients with gallbladder carcinoma. Br J Surg. 2002;89:1130–6.

31. Chakravarty KD, Yeh CN, Jan YY, Chen MF. Factors influencing

long-term survival in patients with T3 gallbladder adenocarci-

noma. Digestion. 2009;79:151–7.

32. Hwang J, Kim YK, Choi D, et al. Gadoxetic acid-enhanced MRI

for T-staging of gallbladder carcinoma: emphasis on liver inva-

sion. Br J Radiol. 2014;87:20130608.

33. Petrowsky H, Wildbrett P, Husarik DB, et al. Impact of integrated

positron emission tomography and computed tomography on

staging and management of gallbladder cancer and cholangio-

carcinoma. J Hepatol. 2006;45:43–50.

34. Lee SW, Kim HJ, Park JH, et al. Clinical usefulness of 18F-FDG

PET-CT for patients with gallbladder cancer and cholangiocar-

cinoma. J Gastroenterol. 2010;45:560–6.

35. Anderson CD, Rice MH, Pinson CW, Chapman WC, Chari RS,

Delbeke D. Fluorodeoxyglucose PET imaging in the evaluation

of gallbladder carcinoma and cholangiocarcinoma. J Gastrointest
Surg. 2004;8:90–7.

36. Primrose JN, Fox RP, Palmer DH, et al. Capecitabine compared

with observation in resected biliary tract cancer (BILCAP): a

randomised, controlled, multicentre, phase 3 study. Lancet Oncol.
2019;20:663–73.

37. Richtlijn Galweg-en Galblaascarcinoom (Versie 2.0). 2013. http

s://www.oncoline.nl/galweg-en-galblaascarcinoom. Accessed 8

Jan 2020.

38. Kim TH, Woo SM, Lee WJ, et al. Benefit of adjuvant

chemoradiotherapy in resected gallbladder carcinoma. Sci Rep.
2019;9:11770.

39. Hakeem AR, Papoulas M, Menon KV. The role of neoadjuvant

chemotherapy or chemoradiotherapy for advanced gallbladder

cancer: a systematic review. Eur J Surg Oncol. 2019;45:83–91.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

Extended Surgery for Gallbladder Cancer 843

https://www.oncoline.nl/galweg-en-galblaascarcinoom
https://www.oncoline.nl/galweg-en-galblaascarcinoom

	Extended Resections for Advanced Gallbladder Cancer: Results from a Nationwide Cohort Study
	Abstract
	Background
	Methods
	Results
	Conclusion

	Methods
	Patient Selection and Variable Definitions
	Statistical Analysis

	Results
	Patient Characteristics
	Preoperative Workup and Treatment
	Operative Characteristics
	Tumor Characteristics
	Postoperative Morbidity and Mortality
	Adjuvant Treatment, Follow-Up Evaluation, and Survival

	Discussion
	Open Access
	References




