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Abstract: Laparoscopic surgery has been widely accepted as a feasible

and safe treatment modality in many cancers of the gastrointestinal tract.

However, most guidelines on gallbladder cancer (GBC) regard laparo-

scopic surgery as a contraindication, even for early GBC. This study

aims to evaluate and compare recent surgical outcomes of laparoscopic

and open surgery for T1(a,b) GBC and to determine the optimal surgical

strategy for T1 GBC.

The study enrolled 197 patients with histopathologically proven T1

GBC and no history of other cancers who underwent surgery from 2000

to 2014 at 3 major tertiary referral hospitals with specialized biliary-

pancreas pathologists and optimal pathologic handling protocols.

Median follow-up was 56 months. The effects of depth of invasion

and type of surgery on disease-specific survival and recurrence patterns

were investigated.

Of the 197 patients, 116 (58.9%) underwent simple cholecystect-

omy, including 31 (15.7%) who underwent open cholecystectomy and

85 (43.1%) laparoscopic cholecystectomy. The remaining 81 (41.1%)

patients underwent extended cholecystectomy. Five-year disease-

specific survival rates were similar in patients who underwent simple

and extended cholecystectomy (96.7% vs 100%, P¼ 0.483), as well as

being similar in patients in the simple cholecystectomy group who

underwent open and laparoscopic cholecystectomy (100% vs 97.6%,

P¼ 0.543). Type of surgery had no effect on recurrence patterns.
i, MD, PhD, Kyoun , PhD,
D, PhD, and Sang-Jae Park, MD, PhD

laparoscopic cholecystectomy can be justified as a standard treatment

for T1b as well as T1a gallbladder cancer when done by well-experi-

enced surgeons based on exact pathologic diagnosis.
Abbreviations: GB = gallbladder, GBC = gallbladder cancer, LC =

laparoscopic cholecystectomy, PS = propensity score.

INTRODUCTION

G allbladder cancer (GBC) is relatively rare in Western
populations, and its reported prognosis is poorer than in

some of the nations in which GBC is more prevalent, such as
Chile, Korea, and Japan.1,2 Curative surgical resection is the
treatment of choice, as there are currently no effective systemic
treatments. Thus, selection of candidates for surgery and deter-
mination of type of surgery are crucial in enhancing survival
outcomes in patients with GBC. Survival outcomes have been
shown to depend on surgical strategy, pathologic stage, comor-
bidities, and experience of the surgical unit.3

In contrast to other organs of the gastrointestinal tract, the
gallbladder lacks submucosa and partially serosa with a rela-
tively thin proper muscle layer. This can allow tumor cells to
easily invade or metastasize to other organs, which results in
reduced survival outcomes. Thus, early detection and optimal
treatment are key factors determining survival outcomes in
patients with GBC. Improvements in radiologic imaging;
increased screening of high-risk patients, including those with
GB stones and polyps; and the universal use of laparoscopic
cholecystectomy have increased the proportion of GBCs
detected early. Indeed, many GBCs are detected incidentally
during laparoscopic cholecystectomy for the removal of GB
stones and/or polyps.4–6 However, some guidelines, including
those of the National Comprehensive Cancer Network (NCCN)
and the \Japanese Society of Hepato-Biliary-Pancreatic
Surgery, do not recommend laparoscopic surgery even for
patients with early GBC.7–9

Previous studies reported poor outcomes after laparoscopic
surgery on GBC, including port site metastasis and poorer
survival.10,11 However, the development of new instruments
and advanced surgical techniques has resulted in laparoscopic
surgery becoming widely accepted as a feasible and safe
r many GI tract cancers. Laparoscopic
shown similar oncologic outcomes in the
stomach, and even pancreas cancer.12–14
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Eighteen patients (9.1%) underwent combined bile duct
resection, 27 (13.7%) underwent a second operation after
simple cholecystectomy, and 4 underwent extended right

TABLE 1. Demographic and Pathologic Findings

Variables N¼ 197

Age 63.4� 10.6
Sex (male:female) 85:112 (0.76:1)
ASA (1/2/3) 79 (40.1%)/102 (51.8%)/16 (8.1%)
Combined GB stone 52 (26.4%)
APBDU 13 (6.6%)
Symptomatic 100 (50.8%)
CEA 1.8� 1.2
CA19-9 21.0� 47.3
Tumor size 3.03� 2.33
T stage (T1a/T1b) 125 (63.5%)/72 (36.5%)
N stage (N0/N1/Nx) 119 (60.4%)/4 (2.0%)/74 (37.6%)
Tumor location (liver/serosa) 126 (64%)/63 (32%)
Surprisingly, consensus guidelines on GBC are based
mostly on data reported before 2000. More recent studies on
patients with early GBC, however, have reported markedly
improved treatment outcomes after laparoscopic than after open
surgery.15,16 This study was therefore designed to evaluate and
compare recent surgical outcomes of laparoscopic and open
surgery for early GBC with pathologically proven T1 and to
determine the optimal surgical strategy based on clinical data of
patients who underwent surgery for early GBC cohort in the
21st century.

MATERIAL AND METHODS
This study included patients with pathologically proven

GBC who underwent surgery for early GBC from 2000 to 2014
at 3 major tertiary referral hospitals in Korea; each of these
centers had specialized biliary-pancreas pathologists and an
optimal pathologic handling protocol, such as total or near total
mapping of GB specimens, especially for diagnosis of early
GBC to avoid under-evaluation of pathologic T stage. Clin-
icopathologic and radiological data were collected using stan-
dard clinical and pathologic diagnosis reports determined by a
meeting of investigators before initiation of this study.

The early GBC was defined as GBC with pathologically
proven T1. The pathologic T1 was subdivided into T1a and T1b,
which were defined as tumor invades lamina propria and
muscular layer, respectively. The extent of nodal disease was
transformed into categorical variables indicating N0 and N1.
The pathologic T and N data were defined by AJCC 7th edition.
Simple cholecystectomy (SC) was defined as cholecystectomy
alone; extended cholecystectomy (EC) also included liver
wedge resection, or segments 4b and 5 segmentectomy, and
dissection of regional lymph nodes around the pericystic and
hepatoduodenal ligaments. Patients who underwent sequential
liver resection with lymph node dissection after initial SC were
considered as having undergone EC.

If there was no evidence of liver invasion, involvement of
the extrahepatic bile duct, or lymph node and distant metastasis
in preoperative imaging, laparoscopic cholecystectomy was
performed by surgeon’s preference. After confirmation of final
pathologic staging, further treatments including liver resection
and lymph node dissection was determined according to staging
and patients’ willingness for operation. In the case of suspected
over T2 lesion, extended cholecystectomy was initially planned
according to patients’ condition.

Among patients who underwent laparoscopic cholecys-
tectomy, differences in the number of trocars and detailed
methods of each center were not considered.

This retrospective study confirmed to the ethical guide-
lines of the Declaration of Helsinki. The investigational review
board or ethics committee at each institution approved the study
(SNUH: 1508-081-695, SMC: 201602-120-002, NCC2016-
0049).

Continuous data are expressed as means � SDs. Categ-
orical variables were compared using the Pearson x2 test, and
continuous variables using Student’s t test. All parameters with
a P value < 0.05 by univariate analysis were included in the
multivariate model. Survival and recurrence information were
reviewed and confirmed at each hospital at the end of 2014.
Overall survival was calculated using the Kaplan–Meier
method and compared by the log-rank test. To correct for
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differences in covariates that could affect choosing method
of early gallbladder cancer surgery, and to reduce selection bias
inherent to retrospective observational studies, a one-to-one
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matching analysis was performed between laparoscopic and
open surgery. To estimate the propensity score, a function
was built by logistic regression model for the method of
surgery on the bias of patient’s clinical factors. The propen-
sity score was calculated with preoperative factors included
age, sex, American Society of Anesthesiologist physical
status classification system (ASA score), and pathologic T
stage. The c-statistic (0.748) was calculated by the receiver
operating characteristic curve.

All statistical analyses were performed using SPSS ver. 21
(SPSS, Chicago, IL).

RESULTS

Demographic Findings
Of the 204 patients initially identified, 7 had a synchronous

or metachronous double primary malignancy other than GBC,
including 2 each with primary liver cancer and urinary bladder
cancer and 1 each with colon cancer bile duct cancer and lung
cancer; these 7 patients were excluded from the analysis. This
study therefore included 197 patients (Table 1), 85 males and
112 females, with a mean age at diagnosis of 63.4�10.6 years
old. 52 (26.4%) had GB stones. Three patients had incidentally
detected GBC after operation on symptomatic GB stone.
Median follow-up period was 56 months.

Types of Operation
Of the 197 patients, 94 (47.7%) underwent laparoscopic

cholecystectomy, and 103 (52.3%) underwent open surgery
including 30 (15.2%) open cholecystectomy (OC) and 73
(37.1%) extended cholecystectomy (Table 2).

In T1a stage, 77 (61.6%) underwent laparoscopic surgery
and 48 (38.4%) underwent open surgery including 29 (23.2%)
extended cholecystectomy. In T1b stage, laparoscopic surgery
was performed in 17(23.6%) patients and open surgery in 55
(76.4%). Of the 124 patients who underwent simple cholecys-
tectomy, 95 (76.6%) had tumors pathologically classified as
T1a and 29 (23.4%) as T1b (P< 0.001).

Medicine � Volume 95, Number 22, June 2016
APBDU¼ anomalous pancreatico-biliary ductal union, ASA¼
American Society of Anesthesiologists’ Physical Status Classification
System, CEA¼ carcinoembryonic antigen, GB¼ gallbladder.
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TABLE 2. Types of Operation According to T1a and T1b

Variables T1 (n¼ 197) T1a (n¼ 125) T1b (n¼ 72)

Laparoscopic 94 (47.7%) 77 (61.6%) 17 (23.6%)
Open 103 (52.3%) 48 (38.4%) 55 (76.4%)

Open cholecystectomy 30 (15.2%) 18 (14.4%) 12 (16.7%)
Extended cholecystectomy 67 (34.0%) 29 (23.2%) 38 (52.8%)
Hepatectomy 4 (2.0%) 1 (0.8%) 3 (4.2%)
PPPD 2 (1.0%) 0 (0.0%) 2 (2.8%)

Sequential operation after SC 27 (13.7%) 9 (7.2%) 18 (25.0%)

ole
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hemihepatectomy. All of these patients were regarded as under-
going extended cholecystectomy.

Four patients underwent R1 resection. All were positive for
cancer cells in the cystic duct resection margin. They refused
reoperation due to old age and/or the presence of a comorbidity.

According to type of surgery, there was no statistical
difference of complication after operation, only 1 case
(1.1%) of fluid collection in laparoscopic surgery and 4 patients
(3.9%) in open surgery (P¼ 0.371).

Pathologic Findings
Mean tumor size was 3.0� 2.3 cm. Of the 197 patients, 125

(63.5%) were classified as T1a and 72 (36.5%) as T1b (Table 1).
In addition, 123 patients (62.3%) underwent lymph node dis-
section or biopsy. Lymph node metastasis was found in 4
patients classified as T1b, 3.3% of patients who underwent
LN biopsy and 5.6% of all patients classified as T1b. Lymph
node metastasis was not detected in any patient classified
as T1a.

Assessment of tumor location showed that 126 (64.0%)
tumors were on the liver side and 63 (32.0%) on the serosal
side. The most frequent gross morphology of tumor was
papillary type (68.5%), followed by nodular (9.1%) and flat
(4.6%) types.

Survival Rate and Recurrence
The 5-year overall rate (5YSR) among all patients was

98.2% in patients with T1a and 96.4% in patients with T1b
tumors (P¼ 0.235) (Figure 1A). The 5YSR did not differ
significantly in patients who underwent simple and extended
cholecystectomy (96.7% vs 98.3%, P¼ 0.446). In patients who
underwent simple cholecystectomy, 5YSR were similar in those
who underwent open and laparoscopic cholecystectomy (100%
vs 94.9%, P¼ 0.982). Simple and extended cholecystectomy
showed similar 5YSR in patients with tumors classified as T1a
(97.4% vs 100%, P¼ 0.698) and T1b (95.7% vs 100%,
P¼ 0.846).

Compared 5YSR between laparoscopic surgery (LC) and
open surgery (open cholecystectomy, extended cholecystect-
omy), (LC (94.9%) vs open surgery (98.8%), P¼ 0.582)
(Figure 1B).

The 5 YSR did not differ in those who underwent initially
planned EC and sequential EC after SC (95.8% vs 100%,
P¼ 0.325). 5YSR were also similar in patients with tumors

Combined bile duct resection 18 (9.1%)

PPPD¼ pylorus preserving pancreatoduodenectomy, SC ¼ simple ch
on the liver and serosal sides (97.0% vs 100%, P¼ 0.923), and
subgroup analysis of patients with T1a and T1b also showed that
tumor location had no effect on survival.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
Propensity Score (PS) Matched Analysis
The comparisons among types of surgery after propensity

score matching are shown in Table 3. The results showed that
perioperative finding such as operation time, estimated blood
loss, and hospital stays is shorter or smaller in the laparoscopic
group, which results were similar to data before PS matching.

After matching, 5YSR of the laparoscopic surgery (92.7%)
was similar to open surgery (100%). Two patients from laparo-
scopic cholecystectomy died of non-GB cancer recurrence
(cardiac diseases). The 5-year disease specific survival was
100% in the laparoscopic cholecystectomy group.

DISCUSSION
The early GBC was usually defined as tumors confined to

the mucosa (T1a) or muscular layer (T1b). However, accurate
preoperative diagnosis of early GBC is difficult because many
patients are asymptomatic. Thus, these patients are frequently
not assessed by high-resolution image techniques. In addition,
the GB wall itself is anatomically complex, with the lack of
submucosa and the Rokitansky–Aschoff sinus making it diffi-
cult to accurately predict the depth of tumor invasion.17 The
lack of uniform specimen handling and pathologic diagnosis
protocols among nations and hospitals has also complicated the
diagnosis of early GBCs.18–20 Many early GBCs are therefore
detected incidentally, without precise imaging work-up.

Unlike other organs of the gastrointestinal tract, the GB has
a thin mucosal layer without submucosa. Moreover, the pre-
sence of a naturally invaginated mucosa into muscle layer
(Rokitansky–Aschoff sinus) may complicate pathologic sta-
ging, especially in early GBC.21 Neoplastic lesions of the GB
often show subtle differences, making it important to determine
the associations of different epithelial lesions with the findings
of elaborate pathologic examinations based on optimal
sampling protocols. In the absence of GB specimen mapping
or thorough examination, the depth of invasion of many GBC
specimens might be underevaluated and the tumors can be
understaged.18,19,22 This resulted in very low survival rates,
even for patients with T1 GBC, especially based on pathologi-
cally unstandardized national cancer registry data from the USA
and Germany.23,24

Due to the complexities of the diagnosis of early GBC, the
reported survival rate of patients with early GBC has been
reported to range from 40% to 100%.25,26 To reduce the like-
lihood of pathologic understaging, we evaluated patients treated

6 (4.8%) 12 (16.7%)

cystectomy.
at 3 major hospitals, which routinely sample tissue specimens at
5- to7-mm intervals, thus optimizing the likelihood of a correct
pathologic diagnosis of early GBC.
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FIGURE 1. Five-year overall survival in patients with early gallbladder cancer as a function of depth of tumor invasion (A) and type of
surgery (B).
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TABLE 3. Patients Characteristics (Unadjusted and Propensity Score [PS] Matched Between Laparoscopic and Open Surgery

Before PS Matching After PS Matching

Variable
Laparoscopic

(n¼ 94)
Open

(n¼ 103)
P

Value
Laparoscopic

(n¼ 61)
Open

(n¼ 61)
P

Value

Demographics
Age 63.8� 10.9 63.1� 10.4 0.643 63.3� 10 62.2� 10 0.583
Sex (M:F) 31:63 54:49 0.006 28:33 27:34 0.317
ASA (1/2/3) 39/47/8 40/55/8 0.892 17/38/6 24/33/4 0.079
Symptom 37 (39.4%) 63 (61.2%) 0.002 23 (37.7%) 32 (52.5%) 0.117
Combined GB Stone 25 (26.6%) 27 (26.2%) 0.632 18 (29.5%) 16 (26.7%) 0.706

Perioperative finding
Operation time 65.2� 42.3 197.0� 81.7 <0.001 66.9� 46.5 187.7� 87.1 <0.001
Estimated blood loss 31.7� 64.3 319.6� 270.6 <0.001 35.4� 78.0 326.7� 299.5 <0.001
Postop hospital stay 2.3� 2.0 9.2� 5.3 <0.001 2.4� 2.3 8.7� 4.9 <0.001
Complication 1 (1.1%) 4 (3.9%) 0.371 0 (0.0%) 1 (1.6%) 0.317
Adjuvant Chemo Tx. 0 (0.0%) 6 (5.8%) 0.030 0 (0.0%) 3 (4.9%) 0.083

Pathologic finding
T stage

T1a 77 (81.9%) 48 (46.6%) <0.001 44 (72.1%) 43 (70.5%) 0.317
T1b 17 (18.1%) 55 (53.4%) 17 (27.9%) 18 (29.5%)

N stage
N0 35 (37.2%) 84 (81.6%) <0.001 23 (37.7%) 48 (78.7%) <0.001
N1 0 (0.0%) 4 (3.9%) 0 (0.0%) 1 (1.6%)
NX 59 (62.8%) 15 (14.6%) 38 (62.3%) 12 (19.7%)

Differentiation 0.011 0.300
Well 76 (89.4%) 62 (72.1%) 49 (90.7%) 45 (81.8%)
Moderate 8 (9.4%) 19 (22.1%) 4 (7.4%) 7 (12.7%)
Poorly/undifferentiated 1 (1.2%) 5 (5.8%) 1 (1.9%) 3 (5.5%)

Follow-up data
Median follow-up (mo) 57.9� 44.9 72.4� 44.5 55.0� 44.4 76� 42.2
Recurrence 0 (0.0%) 4 (2.0%) 0.123 0 (0.0%) 2 (3.3%) 0.496
5-year survival rate 94.9% 98.8% 0.528 92.7% 100.0% 0.332

ific
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The development of better instrumentation and technical
advances have resulted in the more widespread use of laparo-
scopic surgery to treat most cancers of GI tract, including colon
and stomach cancers. Laparoscopic surgery has therefore
become a standard treatment in patients with these early stage
tumors, showing survival outcomes similar to those of open
surgery.12,27

Despite promising reports on laparoscopic cholecystect-
omy for early GB cancer,16,23,26,28–30 most current guidelines
do not recommend laparoscopic surgery for GB cancer, even
early stage disease. These contraindications were based on
studies showing increased risks of port site recurrence and
peritoneal dissemination.8,9,31–34 Unlike these initial findings,
however, recent studies have shown similar survival outcomes
for laparoscopic and open surgery, especially for early tumors.
Most recent reports have shown survival rates of >95% for
patients with T1a tumors who underwent laparoscopic chole-
cystectomy.29,30,35 Experience has shown that, when perform-
ing laparoscopic procedure, care should be taken to avoid
perforation and to use a specimen retrieval bag to get a same
oncologic outcome with open surgery. However, the optimal
management for T1b GBC remains unclear due to the lack of

ASA¼American Society of Anesthesiologists’ Physical Status Class
reports on laparoscopic surgery.3,16,36–39

NCCN 2015 guidelines and Japanese 2015 guidelines
recommend hepatic resection with lymphadenectomy for T1b

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
gallbladder cancer.8,9 A recent meta-analysis found that radical
resection provided a survival benefit of 3.43 years compared
with simple cholecystectomy alone.40 However, the studies
included in this meta-analysis reported survival rates ranging
from 0% to 100%. Most reports with poor survival outcomes (5
year survival rates <50%) following laparoscopy were pub-
lished before 2000, involved <10 patients, and assessed overall
survival, which included non-GBC-related deaths. Inasmuch as
patients with severe comorbidities tend to undergo simple
cholecystectomy, especially minimally invasive surgery, survi-
val outcomes must be interpreted carefully to avoid selection
bias.25,41–43

This study found that laparoscopic and open surgery had
similar oncological outcomes (survival and recurrence rates) in
patients with T1b as well as T1a GBC. Considering the func-
tional and cosmetic advantages of laparoscopic surgery, there is
no reason not to recommend laparoscopic surgery in the man-
agement of early GBC. In the case of incidentally found GB
cancer, further resection including liver and lymph node is not
needed if the final pathologic diagnosis is T1 according to
our results.

Recently, a more advanced laparoscopic surgical approach

ation System, PS¼ propensity score.
including extended cholecystectomy has been shown to be
feasible, with outcomes comparable to those of open surgery,
in patients with T2 GBC at selected referral centers.30,44,45

www.md-journal.com | 5



However, the advanced laparoscopic procedure could not be
generalized in all hospitals. Surgical outcomes may differ
between high- and low-volume centers.3,46 Thus, the criteria
for referral of patients with suspected GBC are crucial to
improve survival and treatment outcomes.

In conclusion, laparoscopic cholecystectomy for T1 gall-
bladder cancer can provide similar survival outcomes compared
to open surgery. Considering less blood loss and shorter hospital
stay with better cosmetic outcome, laparoscopic cholecystect-
omy can be justified as a standard treatment for T1b as well as
T1a gallbladder cancer when done by well-experienced sur-
geons based on exact pathologic diagnosis.
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