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1 | INTRODUCTION

Abstract

Although guidelines recommend extended surgical resection, radical resection and
lymphadenectomy for patients with tumor stage (T)lb gallbladder cancer, these
procedures are substantially underutilized. This population-based, retrospective
cohort study aimed to evaluate treatment patterns and outcomes of 401 patients
using the US Surveillance, Epidemiology, and End Results (SEER) database from
2004 to 2013. Results showed that median overall survival (OS) was 69 months
for lymphadenectomy patients and 37 months for those without lymphadenectomy.
Lymphadenectomy also tended to prolong cancer-specific survival (CSS), although
the differences were not statistically significant. OS and CSS were similar for pa-
tients who received simple cholecystectomy and extended surgical resection. Cox
proportional hazards regression models revealed survival advantages in patients with
stage T1bNO gallbladder cancer compared to those with stage T1bN1, and patients
who received simple cholecystectomy plus lymphadenectomy compared to those
who did not receive lymph node dissection. In further analyses, patients undergoing
simple cholecystectomy who had five or more lymph nodes excised had better OS
and CSS than those without lymph node dissection. In conclusion, survival advan-
tages are shown for patients with T1b gallbladder cancer undergoing surgeries with
lymphadenectomy. Future studies with longer follow-up and control of potential

confounders are highly warranted.
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epidemiological features,' including high prevalence among
women, particularly in countries with a low sociodemo-

Prevalence of gallbladder cancer is highest among ex-  graphic index”; and high prevalence rates among American
trahepatic biliary cancers and is associated with distinct  Indians and populations in South America, Asia, and the

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original

work is properly cited.

© 2020 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

3668 wileyonlinelibrary.com/journal/cam4

Cancer Medicine. 2020;9:3668-3679.


www.wileyonlinelibrary.com/journal/cam4
mailto:﻿￼
https://orcid.org/0000-0001-9787-9266
http://creativecommons.org/licenses/by/4.0/
mailto:yangzhy@aliyun.com

XU ET AL.

Middle East.*>” Genetic factors are thought to contribute to
increased risk in some of these populations.g’10

Relying on the presentation and stage of disease,
the prognosis of patients with gallbladder cancer varies
greatly. Gallbladder cancer is staged using the Tumor,
Node, and Metastasis (TNM) system. The T stage of the
TNM system (8th edition) is based on tumor invasion into
the lamina propria (T1la) or muscular layer (T1b). Nodal
stages are classified as N1 or N2 if up to three or four or
more nodes are positive, respectively, and the metastasis
classification has 1 stage for any metastasis to tissues be-
yond the lymph nodes. Studies in both high- and low-in-
cidence countries have demonstrated decreases in 5-year
survival rates from 90% in early-stage disease to 1% in
advanced disease.'""!

Optimal management of all stages of gallbladder can-
cer relies heavily on surgical resection. For patients with ad-
vanced-stage disease (II, III, or IV), evidence accumulated over
the past two decades indicates that the gallbladder and sur-
rounding structures should be removed.'®'® An extended surgi-
cal resection (ESR) removes the gallbladder and liver, whereas
a radical resection (RR) or radical cholecystectomy (RC) re-
moves the gallbladder, liver, regional lymph nodes, and, op-
tionally, the bile duct. For treatment of early-stage disease, the
development of recommendations has been hampered by the
inclusion of a heterogeneous group of tumors as stage I and the
lack of consistency in the definitions of ESR and RR/RC. This
problem was addressed in studies conducted in the United States
of America (USA) and Asia that examined patient outcomes
associated with stages TO, Tla, and T1b gallbladder cancer.
Results of those studies suggested that simple cholecystectomy
that removed only the gallbladder was the optimal treatment for
patients with TO or T1a gallbladder cancer.'”* However, sim-
ple cholecystectomy has not always provided as much benefit
as ESR or RR/RC for patients with T1b gallbladder cancer.'®*?
Guidelines of the National Comprehensive Cancer Network
(NCCN) suggest that controversy exists surrounding benefits
of radical resection vs simple cholecystectomy in treatment of
T1b tumors.***

Despite the fact that NCCN guidelines have recom-
mend the use of ESR or RC for T1b-T4 gallbladder can-
cer, studies that have used population-based data from
the Surveillance, Epidemiology, and End Results (SEER)
database, published as recently as 2013, demonstrate that
extended resection and lymphadenectomy continue to
be underutilized in treating early-stage gallbladder can-
cer.'*?**"The failure to follow guidelines for early-stage
gallbladder cancer may have resulted from past controver-
sies regarding the benefits of ESR or RC versus simple
cholecystectomy. Thus, it is crucial to continue to gather
data on the treatment for early-stage gallbladder cancer.
However, recent studies of gallbladder cancer data in the
SEER database are lacking.
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To fill this knowledge gap, this study analyzed popula-
tion-based SEER data from 2004 to 2013 to investigate opti-
mal surgical selection, clinical benefits of lymphadenectomy,
and decisions regarding which lymph nodes should be ex-
cised in patients with T1b gallbladder cancer.

2 | PATIENTS AND METHODS

2.1 | Data source

The SEER database was established in 1973 by the National
Cancer Institute of the National Institutes of Health
Surveillance Research Program with the goal of collecting
cancer statistics in the US. The continuous database currently
includes patient data from 18 regional registries that track
almost one-third of the US population. Data submitted to
SEER include patient demographics and morphological and
histological codes, TNM stage, tumor histology, tumor size,
and patient survival.?®

2.2 | Study population

In this population-based, retrospective cohort study, we as-
sessed outcomes of patients diagnosed with primary T1b
gallbladder cancer and whose records were submitted to
SEER between 2004 and 2013. T1b gallbladder cancer was
defined using the criteria of the International Classification
of Diseases for Oncology version 3 (ICD-O-3) code C23.9.
The following histological types were included: adenocar-
cinoma (code 8140-8147), papillary carcinoma or papillary
adenocarcinoma (codes 8050-8052 and 8260-8263), signet
ring cell carcinoma (code 8490), small cell carcinoma (codes
8040-8046), carcinoma not otherwise specified (codes 8010-
8015), and undifferentiated carcinoma (codes 8020-8022).
Patients with any other histological type of gallbladder can-
cer, patients with a prior or secondary cancer, and patients
whose records lacked information on the type of surgery
were excluded.

2.3 | Outcomes and variables

Major outcomes of this study were overall survival (OS) and
cancer-specific survival (CSS). Demographic covariates in-
cluded age, sex, marital status, and race/ethnicity. Marital
status was categorized as single, married, and separated/di-
vorced/widowed, while race was categorized as white, black,
and other. Clinical covariates are node (N) stage, categorized
as NO and N1 as classified by the American Joint Committee
on Cancer (AJCC) (6th edition); tumor histology, which
is categorized as adenocarcinoma, papillary or papillary
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adenocarcinoma, and others; and tumor grade, which is cat-
egorized as well differentiated, moderately differentiated,
and poorly differentiated or undifferentiated. Independent
variables consisted of surgical approach (simple vs extended
cholecystectomy) and number of lymph nodes examined.
Extended surgical resection/extended cholecystectomy
(ESR) was defined in the present study as cholecystectomy
accompanied by any type of liver resection, including lobec-
tomy. This definition has been used in previous analyses of
the SEER database.'®

2.4 | Statistical analysis

Continuous variables are indicated as means and stand-
ard deviations (SD); categorical variables are presented
as numbers (n) and percentages (%). The comparison of
OS and CSS between groups was conducted using Kaplan-
Meier method with log-rank test. The treatment effect of
the type of surgery on OS and CSS, after adjusting for age,
gender, marital status, race, clinical N stage, histological
type of tumors, and differentiation were analyzed using
multivariate Cox proportional hazards regression analysis.
Results are represented as adjusted hazard ratios (aHR)
with corresponding 95% confidence intervals (CI) and
P values. All P values were two-sided, and P < .05 was
considered statistically significant. All statistical analy-
ses were performed using the statistical software package
Statistical Product and Service Solutions (SPSS) IBM ver-
sion 22 (IBM, Armonk, NY, USA).

3 | RESULTS

The SEER-18 registry contains data from 8720 patients with
gallbladder cancer whose records were submitted by US
participating hospitals from 2004 to 2013. We limited our
analyses to the data of 401 patients with TIbMO GBC whose
records had complete information on patients’ surgical his-
tory. Clinical and demographic characteristics for these pa-
tients are shown in Table 1. The mean age of all eligible
patients was 70.1 years and about three-quarters were female
(74.3%). Whites constituted 75.1% of the patients; 12.1%
were black, and 12.8% were of other ethnicities. Almost all
the patients had clinical NO stage (92.2%). The most prevalent
subtype of gallbladder cancer was adenocarcinoma (74.3%).
The most common differentiation of the tumors was moder-
ately differentiated (53.0%), followed by well differentiated
(27.6%), and poorly differentiated (17.8%; Table 1).

Figure 1 illustrates the study flow and process. Among
401 patients, 375 (93.5%) received simple cholecystectomy,
and 26 (6.5%) received ESR. Data of 10 patients of un-
known lymphadenectomy status were excluded from further

TABLE 1 Demographics and clinicopathological features of
patients included in this study
Variable N = 401, n (%)
Age (y) 70.12 + 13.03*
Gender
Male 103 (25.7)
Female 298 (74.3)
Marital status®
Single 51(13.4)
Married 197 (51.8)
Separated/Divorced/Widowed 132(34.8)
Race®
White 299 (75.1)
Black 48 (12.1)
Other 51 (12.8)
Clinical N stage*
NO 355(92.2)
N1 30(7.8)
Histological type
Adenocarcinoma 298 (74.3)
Papillary or papillary adenocarcinoma 82 (20.4)
Other 21(5.3)
Differentiation®
Well differentiated 102 (27.6)
Moderately differentiated 196 (53.0)
Poorly differentiated 66 (17.8)
Undifferentiated 6 (1.6)
Lymph nodes excision"
No 247 (63.2)
Yes 144 (36.8)
Surgery
Simple cholecystectomy 375 (93.5)
Extended surgical resection 26 (6.5)

*Values are mean + standard deviation.

®Information on marital status was not available for 21 patients.
“Information on race was not available for 3 patients.
9Information on clinical N stage was not available for 16 patients.
“Information on differentiation was not available for 31 patients.

"Information on lymph nodes excision was not available for 10 patients.

analyses. Among patients undergoing simple cholecystec-
tomy, 126 received lymphadenectomy (98 had 1-4 lymph
nodes excised; 28 had 5 or more lymph nodes excised).
Among patients undergoing ESR, 18 had lymphadenectomy.
A total of 144 patients had lymph node excisions.

A total of 193 deaths occurred during the study period:
64.8% from gallbladder cancer, 13.0% from heart or vascular
disease, 5.2% from other types of cancer, 3.1% from chronic
obstructive pulmonary disease, 2.1% from an accident, 1.6%
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SEER-18 Registry 2004-2013
Patient with gallbladder Cancer (GBC)
N=8720
y
Patient with TIbMO0O GBC and complete
surgical history
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Patient with simple Patient with extended
cholecystectomy surgical resection
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—®  status unknown —»  status unknown
N=9 N=1
4 4
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N=98 N=28 N=9 N=9
FIGURE 1

from nephrotic disease, 7.7% from other causes, and 2.6%
were unknown. The median follow-up time was 25 months
(inter-quartile range: 10 to 55 months). The 1-, 3-, and 5-year
OS rates were 79.7%, 54.6%, and 46.4%, respectively, and the
1-, 3-, and 5-year CSS rates were 83.1%, 64.1%, and 57.1%,
respectively.

The flow chart of study population. A total of 401 patients with TIbMO gall bladder cancer constitute the population of this
study. Abbreviation: Surveillance, Epidemiology, and End Results (SEER)

The median OS time was modestly longer in patients who
received lymphadenectomy (69 months) than in those who did
not (37 months),but without statistical significance (P = .051;
Figure 2A). The 1-, 3-, and 5-year OS rates for patients who had
1 or more lymph nodes excised versus no lymph node excised
were 84.6%, 61.6% and 52.0% vs 76.2%, 50.9%, and 43.1%,
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respectively. The median CSS time between patients who did
and did not received lymphadenectomy was 46 vs 35 months,
P = 281 (Figure 2B). The 1-, 3-, and 5-year CSS rates in pa-
tients with lymph nodes excision vs those without were 89.1%,
67.9%, 63.1% vs 83.1%, 64.1%, 58.2%, respectively.

We further compared patients between subgroups ac-
cording to the number of lymph nodes excised. Among all
patients who underwent surgery, the OS was significantly
better in those who had more than 5 lymph nodes dissected
(P = .01, Figure 3A; P = .002, Figure 3B).

Figure 4A illustrates that the OS rates were similar be-
tween patients who received simple cholecystectomy and
those who received ESR (median OS: 48 vs 38 months,
P = .791). Figure 4B shows that median CSS rates also
were similar between patients who received simple chole-
cystectomy and those who received ESR (48 vs 36 months,

P =.736). For simple cholecystectomy, the 1-, 3-, and 5-year
OS rates were 79.4%, 54.9%, and 46.8%, respectively, and the
1-, 3-, and 5-year CSS rates were 84.7%, 65.3%, and 60.4%,
respectively. For ESR, the 1-, 3-, and 5-year OS rates were
84.4%, 50.3%, and 39.1%, respectively, and the CSS rates
were 96.2%, 69.4%, and 54.0%, respectively.

The results of Cox proportional hazards regression for
OS and CSS among all patients are summarized in Table 2.
Significant age differences between OS and CSS suggest that
as the age increases, risk will also increase (P = .020). Also,
women had significantly better OS and CSS than did men
(P =.012). Differences in OS and CSS between different eth-
nic groups were not significant. Patients with clinical AJCC
N1 stage had significantly higher risk of death (OS and CSS)
than those with AJCC NO stage (both P < .001). Furthermore,
patients with poorly differentiated or undifferentiated cancers
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had significantly poorer CSS, but not OS, than did those with
well-differentiated cancers (P = .021).

When comparing survival for patients who were stratified
by type of surgery and use of lymphadenectomy, we used
patients who underwent simple cholecystectomy without
lymphadenectomy as the reference group. After controlling
for potential confounders, we found that patients who under-
went simple cholecystectomy with lymph nodes excision had
a significant benefit for both OS and CSS (OS: aHR = 0.630,
95%CI: 0.422 to 0.940, P = .024; CSS: aHR = 0.545,
95%CI:0.327 to 0.909, P = .020). In contrast, neither ESR
with or without lymphadenectomy had significantly better
OS or CSS than the reference group (Table 2).

Table 3 shows the effects on survival of patients undergo-
ing simple cholecystectomy by the number of lymph nodes
excised patients were stratified into three categories: without

Overall survival (mo)

lymph node excision, 1-4 lymph nodes excised, and > 5 lymph
nodes excised as described previously.29 Patients who had 5
or more lymph nodes excised showed a significant advantage
in survival as compared to no lymph node dissection. For
OS, aHR = 0.231, 95%CI: 0.085-0.627; P = .004; for CSS,
aHR = 0.183, 95%CI: 0.045-0.744; P = .018. However, the
survival advantages for 1-4 lymph nodes excised were not sig-
nificant. The survival curves are shown in Figure 5. The groups
with > 5 lymph nodes dissected were associated with signifi-
cant OS advantages (P = .007,Figure SA; P =.001, Figure 5B).

4 | DISCUSSION

The present population-based study, revealed that perform-
ing lymph node dissection in patients with T1b gall bladder
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cancer, specifically with excision of more than five lymph
nodes, provides a significant benefit in OS and CSS, but
that extended surgical resection does not appear to increase
survival significantly. Currently, surgical treatment is rec-
ognized as the only curative choice for gallbladder cancer,
which known to be especially aggressive and associated with
poor prognosis. Previous studies of the SEER database have
revealed a continuing trend of underutilization of ESR and
RR/RC for patients with T1b gallbladder cancer, 14.26.27 5 pop-
ulation of patients for whom the optimal type of surgery had
been controversial.*** Despite this troubling finding, the
issue has not been revisited for several years. Consequently,
our present retrospective cohort study used the SEER data-
base to evaluate the comprehensive records of 401 patients
with T1b gallbladder cancer diagnosed from 2004 to 2013.

Results of our study revealed that only 38.4% of gallbladder
cancer patients have lymph nodes excised, suggesting contin-
ued insufficient use of lymphadenectomy. Although the use
of lymphadenectomy is still unsettled, our present analysis
supports the continued and expanded use of extensive lym-
phadenectomy for patients with T1b gallbladder cancer.

We believe that the low rate of lymphadenectomy trans-
lates to poorer outcomes for many patients, for several
reasons. First, we found a significantly longer OS among pa-
tients who underwent lymphadenectomy than in those with-
out lymphadenectomy. Second, hazard ratios indicating risk
for mortality are higher for OS and CSS in gallbladder cancer
patients with clinical stage TIbNT1 than in those with clini-
cal stage TIbNO. Third, the CSS was comparable between
patients with or without lymphadenectomy. This result may
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TABLE 2 Multivariate cox proportional hazards regression models of overall survival and cancer-specific survival of patients with T1b

gallbladder cancer (N = 401)

Variable N
Age (y)
Gender
Male 103
Female 298
Marital status®
Single 51
Married 197
Separated/Divorced/Widowed 132
Race®
White 299
Black 48
Other 51
Clinical N stage*
NO 355
N1 30
Histological type
Adenocarcinoma 298
Papillary or papillary adenocarcinoma 82
Other 21
Differentiation®
Well differentiated 102
Moderately differentiated 196
Poorly differentiated/Undifferentiated 72
Groupf
Simple cholecystectomy without lymph node excision 240
Simple cholecystectomy with lymph node excision 126
Extended surgical resection without lymph node excision 7
Extended surgical resection with lymph node excision 18

0S CSS

aHR (95%CI) P-value  aHR (95%CI) P-value
1.043 (1.027, 1.060)  <.001* 1.022 (1.003, 1.040) .020%
Reference Reference

0.612 (0.417, 0.896) .012% 0.543 (0.350, 0.844) .007%
Reference Reference

0.78 (0.464, 1.309) .346 0.842 (0.464, 1.526) .57

0.867 (0.506, 1.486) .605 0.590 (0.303, 1.150) 121
Reference

1.157 (0.606, 2.211) .658
1.393 (0.754, 2.572) .29

Reference
1.334 (0.787, 2.261) 284
1.433 (0.876, 2.345) 152

Reference
4.631 (2.284,9.393)

Reference

4.055 (2.186,7.520)  <.001* <.001*
Reference
0.713 (0.409, 1.243) 233

1.214 (0.568, 2.596) .617

Reference
0.772 (0.498, 1.196) 247
1.149 (0.567, 2.329) 701

Reference
0.997 (0.596, 1.670) 992

Reference
0.982 (0.660, 1.463) 931

1.511 (0.934, 2.445) .093 1.981 (1.109, 3.540) .021%*
Reference Reference
0.630 (0.422, 0.940) .024% 0.545 (0.327, 0.909) .020%

2.512 (0.899, 7.021) .079
0.772 (0.332, 1.797) 548

0.730 (0.100, 5.352) 157
0.740 (0.289, 1.893) 529

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; CSS, cancer-specific survival; OS, overall survival.

“Indicates a significant factor, P < .05

“Information on marital status was not available for 21 patients.
“Information on race was not available for 3 patients.
9Information on clinical N stage was not available for 16 patients.
“Information on differentiation was not available for 31 patients.

"Information on lymph nodes excision was not available for 10 patients.

be at least in part because lymphadenectomy was performed
only if the lymph node involvement was suggested by pre-
operative imaging and/or intraoperative exploration of sus-
pected enlarged lymph nodes. On the other hand, the actual
pathological stage N of un-resected lymph nodes could not
be obtained due to the limitation of SEER database and retro-
spective nature of the study. Thus, more NO cases may have
been included among the patients without lymphadenec-
tomy than in those with lymphadenectomy, which may have

affected the results of the CSS. However, taken together, this
study repeatedly demonstrated the benefit of lymphadenec-
tomy in T1b gallbladder cancer patients.

In 2009, Jensen et al*° reported that lymph node evalua-
tion was conducted on only half of patients who underwent
RR/RC and less than one-third of patients who underwent
simple cholecystectomy. While it was known in such ear-
lier studies that lymphadenectomy provided benefits for
patients with gallbladder cancer, underutilization was
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TABLE 3 Cox proportional hazards regression model of overall survival and cancer-specific survival after simple cholecystectomy for

patients with T1b gallbladder cancer (N = 366%)

N
Variable (%)
Group (Cut off > 5)
Simple cholecystectomy without lymph node excision 240
Simple cholecystectomy with 1-4 lymph nodes excised 98
Simple cholecystectomy with > 5 lymph nodes excised 28
Group(Cut off > 4)
Simple cholecystectomy without lymph node excision 240
Simple cholecystectomy with 1-3 lymph nodes excised 93
Simple cholecystectomy with > 4 lymph nodes excised 33
Group(Cut off > 6)
Simple cholecystectomy without lymph node excision 240
Simple cholecystectomy with 1-5 lymph nodes excised 103
Simple cholecystectomy with > 6 lymph nodes excised 23

0OS CSS

aHR (95%CI)¢ P-value  aHR (95%CI)¢ P-value
Reference Reference

0.943 (0.676, 1.317) 0.731 0.981 (0.651, 1.478) 0.925
0.231 (0.085, 0.627) 0.004° 0.183 (0.045, 0.744) 0.018"
Reference Reference

0.955 (0.681, 1.340) 0.792 0.963 (0.633, 1.466) 0.861
0.299 (0.132, 0.679) 0.004° 0.322 (0.118, 0.879) 0.027°
Reference Reference

0.873 (0.625, 1.219) 0.425 0.917 (0.609, 1.382) 0.679
0.303 (0.112, 0.821) 0.019° 0.231 (0.057, 0.938) 0.040°

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; CSS, cancer-specific survival; HR, hazard ratio; OS, overall survival.

Nine out of 375 patients, who underwent simple cholecystectomy and had unknown number of lymph nodes excised, were excluded. Thus, a total of 366 patients was

included in this analysis.
®Indicates a significant factor, P < .05

“Model was adjusted by all variables.

acknowledged as a persistent problem. Tran et al’® reported
that from 1988 to 1992, 72% of patients did not receive
lymphadenectomy, and this rate fell to 53% from 2007 to
2009. However, Mayo et al®! reported that the proportion
of patients receiving lymphadenectomy increased from
28% (1991- 1995) to 40% (2003-2005). Interestingly, Lee
et al’” evaluated 141 Korean patients diagnosed with T1b
gallbladder cancer, and reported that only 13.5% of patients
received simple cholecystectomy plus lymphadenectomy.
This value is substantially less than the 36% that we doc-
umented for patients whose records were deposited in the
SEER database. Given that substantial outcome benefits
are shown for lymphadenectomy,m'3 13336 we suspect that
the US is not the only country in which outcomes could be
substantially improved by performing lymphadenectomy in
all patients with T1b gallbladder cancer who were under-
going simple cholecystectomy. Researchers have evaluated
the number of lymph nodes excised and its association with
survival from gallbladder cancer. Downing et al® reported
a survival advantage associated with excision of 1-4 lymph
nodes in patients with incidentally discovered gallbladder
cancer, compared to those with no excised lymph nodes,
and a survival advantage was also found in patients with
5 or more nodes excised compared to patients with 1-4 ex-
cised nodes. In the present study, we also found that exci-
sion of 5 or more lymph nodes offered a significant survival
benefit over those who with only 1-4 lymph nodes excised.

The low rate of ESR in patients included in the pres-
ent study confirms earlier reports of an underutilization of

ESR or RR/RC among patients with T1b in the Us. 142627
Of the 401 patients we evaluated, only 6.5% received an
ESR. A similar low rate (4.5%) was found in the report of
Jensen and colleagues in the study period 1988-2004,>" and
6% was reported by Hari et al?® for the study period 1988-
2008. Mayo et al,27 who used data from both SEER and the
US Medicare system, determined that 8.9% of patients with
T1b gallbladder cancer who were diagnosed between 1991
and 2005 received either RR or hepatectomy. A low rate of
using ESR and RR/RC for patients with T1b gallbladder
cancer may have contributed to lack of significant change in
the risk of cancer-specific deaths for patients with localized
gallbladder cancer during the periods 2001 to 2004, 2005 to
2008, and 2009 to 2012.>” The SEER database possibly may
not be an adequate representation of the true use of ESR or
RR/RC among cancer care facilities in the US. However, this
does not appear to be true because a study of the National
Cancer Database from 1998 to 2012 reported that just 9% of
over 19 000 patients with stage T1 to T4 underwent radical
cholecystectomy, while 70% underwent total cholecystec-
tomy.38 Further studies of the National Cancer Database and
other large registries, such as the California Cancer Registry,
should be conducted to confirm results of the present study in
patients with T1b gallbladder cancer.

Analysis of the SEER database provides a crucial tool by
which to compare trends in gallbladder cancer management
in the US with trends in other countries. Lee et al*> performed
a national study of treatment patterns in Korea and found that
36% of patients with T1b gallbladder cancer received RR/
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RC. A similar rate of ESR (31%) was found by Goetze et al®
among patients in the German Registry. Meta-analyses of
more than 20 studies of populations of several countries have
also found that rates of ESR are generally more than 25%
for early stage gallbladder cancer.**¥! The pronounced differ-
ences found in US values for ESR usage suggests that more
work should be done to reach international consensus regard-
ing the best surgical approach for T1b gallbladder cancer.
Efforts should also be made to determine if the low rate
of ESR and RR/RC in the United States arises from a lack of
confirmed benefit to patients. In the present study, results for
OS and CSS were similar between patients receiving simple
cholecystectomy and those receiving ESR, suggesting per-
haps that these results may have been affected by the low
number of patients who underwent ESR in this study, and
that the survival of patients with T1b who received ESR is
lower than it could be due to selection of patients perceived

Overall survival (mo)

as having a poor prognosis. In a previous SEER study by
Downing et al® (2011), a comparison of simple cholecystec-
tomy to ESR for T1b gallbladder cancer also found that ESR
had no outcome benefit compared to simple cholecystec-
tomy. A meta-analysis of the many small studies conducted
world-wide have yielded comparable results, including Lee
et al*! who found no significant differences in risk ratios be-
tween patients undergoing simple cholecystectomy and those
undergoing ESR. However, Hari et al* reported that patients
who received RR/RC had significantly higher survival rates
than those who received a simple cholecystectomy (simple
cholecystectomy and ESR were not compared). Until this
issue is explored further with randomized controlled trials,
we support the increased use of ESR or RR/RC.

The 8th edition of AJCC classifies T2 gallbladder cancer
as T2a (stage IIA) and T2b (stage IIB) according to tumor lo-
cation on either the peritoneal side of the gallbladder or the
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hepatic side.*” Studies show that prognosis is poorer on the he-
patic side of the gallbladder than on the peritoneal side.** On
the other hand, whether the location of T1b gallbladder cancer
also influences the outcome of surgical resection remains to be
investigated. Since the location of T1b gallbladder is not avail-
able in the SEER database, further large-scaled cohort studies
are warranted to explore the effects of T1b gallbladder cancer
location on the outcomes of different surgical treatments.

This study has several limitations. First, the SEER database
only provides information related to the first course of treatment
(treatment within 60 days of diagnosis), which for gallbladder
cancer would include surgery and/or radiation. As a result, we
were unable to determine the effects of later treatments, includ-
ing chemotherapy. Secondly, as SEER is a registry of the United
States and the majority of patients are Caucasian, our findings
may not be applicable to other races or ethnicities, particularly
Asians. Thirdly, the SEER database did not record information
about patients’ co-morbidities, life-style factors or adjuvant che-
motherapy, and therefore these factors could not be accounted
for in the analytic process, which may have confounded the
final results. Other information also may be lacking, such as
key operative data and possibly other cancers or patient infor-
mation that would likely have been useful if known. Finally,
the exclusion of cases associated with incomplete records may
have introduced selection bias in the included patient cohort.
We should also acknowledge that studies examining secondary
data retrospectively, such as in this study, are of lower quality
than are randomized clinical trials. We urge that clinical trials or
large-scale cohort studies are conducted to confirm our results.

In conclusion, patients treated surgically for T1b gallblad-
der cancer have survival advantages, and significant benefit is
shown for those with extensive lymphadenectomy (>5 lymph
nodes excised). While the survival benefit of extended surgical
resection is not significantly better than that of simple cholecys-
tectomy, OS is significantly longer in patients receiving simple
cholecystectomy with the excision of > 5 lymph nodes than
in those with fewer nodes excised. Patients with stage T1bN1
gallbladder cancer have poorer survival and consequently in-
creased risk of death than do those with stage T1bNO gallblad-
der cancer. We suggest that substantial effort should be made
in the comprehensive treatment of patients with gall bladder
cancer to (a) improve adherence to NCCN guidelines and (b)
increase the use of lymphadenectomy, radical resection/radical
cholecystectomy, and extended surgical resection. Future stud-
ies with longer follow-up and control of potential confounders
are highly warranted to confirm results of the present study.

ETHICS STATEMENT

The SEER registry only provides de-identified data and,
therefore, approval by the Institutional Review Board (IRB)
approval was not needed for the present study. Also, because

SEER patient data are de-identified, signed informed consent
of patients was waived for this study.

CONFLICT OF INTERESTS
The authors declared no conflicts of interest.

AUTHOR CONTRIBUTIONS

Li Xu: Conception and design; Analysis and interpretation
of data; literature research; Drafting of the manuscript; Final
approval of the manuscript. Haidong Tan, Xiaolei Liu, Jia
Huang, Liguo Liu, Shuang Si, Yongliang Sun, Wenying
Zhou: Acquisition of data;Final approval of the manuscript;
Statistical analysis; Literature research. Zhiying Yang:
Conception and design; Critical revision of the manuscript;
Final approval of the manuscript.

DATA AVAILABILITY STATEMENT

The Surveillance, Epidemiology, and End Results (SEER)
database (2004-2013) was utilized in the present study
(https://seer.cancer.gov/).

ORCID

Zhiying Yang "= https://orcid.org/0000-0001-9787-9266

REFERENCES

1. Jemal A, Siegel R, Ward E, et al. Cancer statistics. CA Cancer J
Clin. 2008;58:71-96.

2. Fitzmaurice C, Dicker D, Pain A, et al. The global burden of cancer
2013. JAMA Oncol. 2015;1:505-527.

3. Stinton LM, Shaffer EA. Epidemiology of gallbladder disease:
cholelithiasis and cancer. Gut Liv. 2012;6:172-187.

4. Shen HX, Song HW, Xu XJ, et al. Clinical epidemiological survey
of gallbladder carcinoma in northwestern China, 2009-2013: 2379
cases in 17 centers. Chronic Dis Transl Med. 2017;3:60-66.

5. Are C, Ahmad H, Ravipati A, et al. Global epidemiological trends
and variations in the burden of gallbladder cancer. J Surg Oncol.
2017;115:580-590.

6. Wang YC, Wei LJ, Liu JT, Li SX, Wang QS. Comparison of can-
cer incidence between China and the USA. Cancer Biol Med.
2012;9:128-132.

7. Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence and
mortality worldwide: sources, methods and major patterns in
GLOBOCAN 2012. Int J Cancer. 2015;136:e359-386.

8. Arroyo GF, Gentile A, Parada LA. Gallbladder cancer: South
American experience. Chin Clin Oncol. 2016;5:67.

9. Villanueva L. Cancer of the gallbladder—Chilean statistics.
Ecancermedicalscience. 2016;10:704.

10. Mhatre S, Wang Z, Nagrani R, et al. Common genetic variation
and risk of gallbladder cancer in India: a case-control genome-wide
association study. Lancet Oncol. 2017;18:535-544.

11. Bertran E, Heise K, Andia ME, Ferreccio C. Gallbladder cancer:
incidence and survival in a high-risk area of Chile. Int J Cancer.
2010;127:2446-2454.

12. Roa I, Ibacache G, Munoz S, de Aretxabala X. Gallbladder cancer
in Chile: pathologic characteristics of survival and prognostic fac-
tors: analysis of 1,366 cases. Am J Clin Pathol. 2014;141:675-682.


https://seer.cancer.gov/
https://orcid.org/0000-0001-9787-9266
https://orcid.org/0000-0001-9787-9266

XU ET AL.

. 3679
Cancer Medicine - WI LEYJ—

13.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Singh SK, Talwar R, Kannan N, Tyagi AK, Jaiswal P, Kumar A.
Patterns of presentation, treatment, and survival rates of gallbladder
cancer: a prospective study at a tertiary care centre. J Gastrointest
Cancer. 2017;49(3):268-274.

Tran TB, Nissen NN. Surgery for gallbladder cancer in the US:
a need for greater lymph node clearance. J Gastrointest Oncol.
2015;6:452-458.

Gil L, de Aretxabala X, Lendoire J, Duek F, Hepp J, Imventarza
O. Incidental gallbladder cancer: how residual disease affects out-
come in two referral HPB centers from South America. World J
Surg. 2019;43(1):214-220.

Donohue JH. Present status of the diagnosis and treatment
of gallbladder carcinoma. J Hepatobiliary Pancreat Surg.
2001;8:530-534.

Shoup M, Fong Y. Surgical indications and extent of resection in
gallbladder cancer. Surg Oncol Clin N Am. 2002;11:985-994.
Bartlett DL. Gallbladder
2000;19:145-155.

Kanthan R, Senger JL, Ahmed S, Kanthan SC. Gallbladder Cancer
in the 21st Century. J Oncol. 2015;2015:967472.

Donohue JH, Nagorney DM, Grant CS, Tsushima K, Ilstrup DM,
Adson MA. Carcinoma of the gallbladder. Does radical resection
improve outcome? Arch Surg. 1990;125:237-241.

Zhu AX, Hong TS, Hezel AF, Kooby DA. Current management of
gallbladder carcinoma. Oncologist. 2010;15:168-181.

Onoyama H, Yamamoto M, Tseng A, Ajiki T, Saitoh Y. Extended
cholecystectomy for carcinoma of the gallbladder. World J Surg.
1995;19:758-763.

Jensen EH, Abraham A, Habermann EB, et al. A critical analysis
of the surgical management of early-stage gallbladder cancer in the
United States. J Gastrointest Surg. 2009;13:722-727.

National Comprehensive Cancer Network, Inc. NCCN Clinical

cancer. Semin Surg  Oncol.

Practice Guidelines in Oncology: Hepatobiliary Cancers, Version
2,2019. htps://www.nccn.org/. Accessed on March 6, 2018.
Machado MA, Makdissi FF, Surjan RC. Totally laparoscopic he-
patic bisegmentectomy (s4b+s5) and hilar lymphadenectomy for
incidental gallbladder cancer. Ann Surg Oncol. 2015;22(Suppl
3):S336-339.

Hari DM, Howard JH, Leung AM, Chui CG, Sim MS, Bilchik AJ.
A 21-year analysis of stage I gallbladder carcinoma: is cholecystec-
tomy alone adequate? HPB (Oxford). 2013;15:40-48.

Mayo SC, Shore AD, Nathan H, et al. National trends in the man-
agement and survival of surgically managed gallbladder adenocar-
cinoma over 15 years: a population-based analysis. J Gastrointest
Surg. 2010;14:1578-1591.

Hankey BF, Ries LA, Edwards BK. The surveillance, epide-
miology, and end results program: a national resource. Cancer
Epidemiol Biomarkers Prev. 1999;8:1117-1121.

Downing SR, Cadogan KA, Ortega G, et al. Early-stage gallbladder
cancer in the surveillance, epidemiology, and end results database:
effect of extended surgical resection. Arch Surg.2011;146:734-738.
Jensen EH, Abraham A, Jarosek S, et al. Lymph node evaluation
is associated with improved survival after surgery for early stage
gallbladder cancer. Surgery. 2009;146:706-713.

. Shirai Y, Wakai T, Sakata J. Regional lymphadenectomy for gall-

bladder cancer: rational extent, technical details, and patient out-
comes. World J Gastroenterol. 2012;18:2775-2783.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Lee SE, Jang JY, Kim SW, et al. Korean Pancreas Surgery Club.
Surgical strategy for T1 gallbladder cancer: a nationwide multi-
center survey in South Korea. Ann Surg Oncol. 2014;21:3654-3660.
Liu GJ, Li XH, Chen YX, Sun HD, Zhao GM, Hu SY. Radical
lymph node dissection and assessment: Impact on gallbladder can-
cer prognosis. World J Gastroenterol. 2013;19:5150-5158.

Shirai Y, Sakata J, Wakai T, Ohashi T, Ajioka Y, Hatakeyama K.
Assessment of lymph node status in gallbladder cancer: location,
number, or ratio of positive nodes. World J Surg Oncol.2012;10:87.
Shirai Y, Sakata J, Wakai T, Ohashi T, Hatakeyama K. "Extended"
radical cholecystectomy for gallbladder cancer: long-term out-
comes, indications and limitations. World J Gastroenterol.
2012;18:4736-4743.

Goetze TO, Paolucci V. The prognostic impact of positive lymph
nodes in stages T1 to T3 incidental gallbladder carcinoma: results
of the German Registry. Surg Endosc. 2012;26:1382-1389.
Jaruvongvanich V, Yang JD, Peeraphatdit T, Roberts LR. The in-
cidence rates and survival of gallbladder cancer in the USA. Eur J
Cancer Prev. 2017;28(1):1-9.

Goussous N, Hosseini M, Sill AM, Cunningham SC. Minimally
invasive and open gallbladder cancer resections: 30- vs 90-day
mortality. Hepatobiliary Pancreat Dis Int. 2017;16:405-411.
Goetze TO, Paolucci V. Immediate re-resection of T1 incidental
gallbladder carcinomas: a survival analysis of the German Registry.
Surg Endosc. 2008;22:2462-2465.

Lee SE, Jang JY, Lim CS, Kang MJ, Kim SW. Systematic re-
view on the surgical treatment for T1 gallbladder cancer. World J
Gastroenterol. 2011;17:174-180.

Lee H, Kwon W, Han Y, Kim JR, Kim S-W, Jang J-Y. Optimal
extent of surgery for early gallbladder cancer with regard to long-
term survival: a meta-analysis. J Hepatobiliary Pancreat Sci.
2017;25(2):131-141.

Chun YS, Pawlik TM, Vauthey JN. 8th Edition of the AJCC can-
cer staging manual: pancreas and hepatobiliary cancers. Ann Surg
Oncol. 2018;25:845-847.

Park TJ, Ahn KS, Kim YH, Kim TS, Hong JH, Kang KJ. The op-
timal surgicalresection approach 2 gallbladder carcinoma: evaluat-
ing the role of surgical extent according to the tumor location. Ann
Surg Treat Res. 2018;94:135-141.

Shindoh J, de Aretxabala X, Aloia TA, et al. Tumor location is
strong predictor of tumor progression and survival in T2 gall-
bladder cancer: an international multicenter study. Ann Surg.
2015;261:733-739.

How to cite this article: Xu L, Tan H, Liu X, et al.
Survival benefits of simple versus extended
cholecystectomy and lymphadenectomy for patients
with T1b gallbladder cancer: An analysis of the
surveillance, epidemiology, and end results database
(2004 to 2013). Cancer Med. 2020;9:3668-3679. https://
doi.org/10.1002/cam4.2989



htps://www.nccn.org/
https://doi.org/10.1002/cam4.2989
https://doi.org/10.1002/cam4.2989

