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Abstract. In December 2016, the Union for International
Cancer Control (UICC) published the 8th edition of the
Tumor-Node-Metastasis (TNM) classification of malignant
tumors, including a number of vital changes in the defini-
tions of the T2 category, the N category and the stages of
gallbladder cancer (GBC). The clinical value of this newly
updated classification in patients with surgically treated GBC
has not been rigorously validated. The present study aimed to
analyze the prognosis of patients with GBC in a high-volume
surgical unit, and to validate the prognostic value of the new
UICC TNM classification, particularly the main changes in
the stages of GBC. Data from 307 patients who were surgi-
cally treated and histopathologically diagnosed with GBC
between January 2011 and July 2016 in The West China
Hospital (Chengdu, Sichuan, China) were retrospectively
collected and analyzed. The new UICC criteria distributed
32, 60, 99 and 116 eligible patients in stages I, II, IIT and IV,
respectively. The differences in overall survival time between
each stage (I-IV) demonstrated statistical significance
(P<0.05). As aresult of the main change of this classification,
the novel definitions of T2a and T2b effectively stratified the
prognosis of patients with T2 GBC (P<0.001). Furthermore,
patients with stage IIa tumors also obtained significantly
improved overall survival time compared with patients with
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stage IIb tumors (P=0.04), whereas the comparison between
patients with stage IIb and IIla tumors did not present any
notable difference (P=0.20). Additionally, the new N category
stratified the survival of the patients effectively (P<0.001).
Together with curative resection, this latest classification
was indicated to be an independent predictor of survival via
multivariate analysis (hazard ratio, 6.25; 95% confidence
interval, 3.81-10.26; P<0.001). In conclusion, the newly
updated UICC TNM classification could effectively reflect
the clinical outcome of patients with surgically treated GBC.
Furthermore, tumor location could predict the survival of
surgically treated T2 GBC. The novel classification of the
N category by the number of lymph nodes involved was also
demonstrated to be valid.

Introduction

Gallbladder cancer (GBC) is relatively rare among all the
gastrointestinal tract cancer types, but is lethal, and can be
characterized by a poor prognosis and lack of effective adjuvant
therapy (1,2). However, worldwide, GBC is the most common
and most aggressive malignant tumor of the biliary tract (3),
with the shortest median survival time (MST) following
diagnosis (4). The epidemiology of GBC varies widely, and
the disease appears to be much more common in Japan, India
and Chile (5,6). With 2.7% of all cases of biliary tract disease,
the western area of China has witnessed an increase in the
incidence of GBC in the last decade (7).

Aggressive surgical resection is the only potential curative
treatment of this disease. With regard to surgical patients, the
5-year survival rate has improved from 5% to almost 38%
in the last two decades (8-10). Surgery types and staging are
considered to be two important prognostic factors (2,11), and
appropriate surgical intervention may be estimated through use
of the appropriate Tumor-Node-Metastasis (TNM) classifica-
tion (12). Surgical styles ranging from simple cholecystectomy
to hemi-hepatectomy should be adapted to different stages
of GBC (13,14). For instance, simple cholecystectomy is the
optimal choice for Tla GBC, whilst for T4 GBC, the effi-
ciency of aggressive surgical resection has not been generally
accepted (15,16). Due to the rarity of GBC, the correct type
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of surgery for advanced GBC and details certain of the TNM
classification remain controversial (14,16-18).

As with the majority of other cancer types, the Union for
International Cancer Control (UICC) classification stratifies
GBC based on the evaluation of tumor depth of invasion
(T stage), and metastasis to regional lymph nodes (N stage)
and distant organs (M stage). In December 2016, the 8th
edition of the UICC TNM Classification of malignant tumors
was published, including vital changes in the T2 category, the
N category and the stages of GBC (19).

As a reasoned and accepted classification, the UICC
classification has been applied to the evaluation of outcomes
from different institutions (19). Furthermore, it is practical
to validate the predictive value of the newly updated UICC
8th edition from different institutions and regions of the world.
To the best of our knowledge, the current study represents the
first attempt to validate the latest UICC TNM classification of
GBC. Based on the data of the eligible patients in The West
China Hospital (Chengdu, China), the aim of the present study
was to analyze the clinical characteristics of patients with
surgically treated GBC by applying the newly updated UICC
criteria in a high-volume surgical unit, to validate the potential
predictors and to assess the prognostic value of the 8th edition
TNM classification of GBC by survival analysis.

Patients and methods

Patient selection. Between January 2011 and July 2016, there
were 413 patients with the diagnosis of GBC at The West
China Hospital, and 337 of these had been surgically treated.
All types of resection margins (RO, R1 and R2) and all cases
with palliative surgeries were included in the study cohort,
whereas those without surgical intervention at The West
China Hospital were not enrolled. Parameters, including the
demographics, laboratory examinations, surgical data and
pathological diagnosis reports on the patients, were retro-
spectively collected. Postoperative morbidity and mortality
were also retrospectively reviewed from the patient medical
records, and patients with postoperative in-hospital mortality
(6 patients) were excluded from further evaluation in order
to focus on malignancy-associated outcome. A total of
24 patients were lost to follow-up. Thus, a total of 307 patients
were considered available for survival analyses.

Tumor characteristics and definition of tumor location. The
diagnosis of GBC was confirmed by pathologists via immu-
nohistochemical staining of a surgical specimen or biopsy
sample. Tumor features, including quantity, size, location,
lymph node invasion, distant metastasis and surgical margin,
were based on intraoperative data and pathological analyses.
The N and M factors were clinically determined on the basis
of either histopathological data or imaging modalities. The
new 8th edition UICC TNM classification (19) was used to
assess the clinical outcome of the patients with GBC.

The location of T2 and T3 tumors was defined histopatho-
logically according to the study by Shindoh er al (18). For
T2 GBC, the tumors were classified as being located on the
peritoneal side when a tumor infiltrated only the free serosal
side of the gallbladder, and on the hepatic side when at least
part of a tumor infiltrated the region of the gallbladder wall
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Table I. Patient characteristics.

Characteristic Value
Sex, n (%)
Male 109 (35.5)
Female 198 (64.5)
Median age in years at 60 (24-96)
diagnosis (range)
History of gallstones, n (%) 122 (39.7)
Preoperative tumor markers, mean + SEM
AFP in ng/ml 22.5+6.8
CEA in ng/ml 23.3+43
CA19-9 in U/ml 281.1£21.6
Surgical procedure
Macroscopically curative resection 160 (52.1)
Palliativesurgery 147 (47.9)
T* by UICC 8th edition
1 32 (10.4)
2 82 (26.7)
3 114 (37.1)
4 79 (25.7)
Staging by UICC 8th edition
I 32(104)
II 60 (19.5)
1 99 (32.3)
v 116 (37.8)

T factor was clinically determined on the basis of histopathological
data combined with surgical data and radiographic evaluation. SEM,
standard error of mean; UICC, Union of International Cancer Control;
T, primary tumor; AFP, a-fetoprotein; CEA, carcinoembryonic
antigen; SEM, standard error of the mean.

attached to the liver. For T3 GBC, tumors were classified as
being located on the hepatic side when at least a part of a
tumor invaded directly into the liver parenchyma. All other
tumors (without direct invasion into the liver parenchyma)
were classified as being located on the peritoneal side regard-
less of the distribution of the tumor within the gallbladder
wall.

Surgical procedures. Surgical resection was divided
into two types: Curative resection and palliative surgery.
Curative resection included simple cholecystectomy (only
for stage I), known as the ‘standard’ resection for GBC, and
the extended resections for GBC. Standard resection refers
to the cholecystectomy plus combined resection of the bile
duct and/or liver bed resection. Extended resections included
the following surgical procedures: Hepatectomy more than
subsegmentectomy; pancreaticoduodenectomy; hepatopan-
creaticoduodenectomy. Radical resection was achieved if RO
resection was performed based on different stages. Palliative
surgeries, including biliary diversion, explorative laparotomy
and gastrointestinal bypass, were performed for patients with
T4 GBC or for those in a poor general condition.
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Table II. Distribution of T2 and T3 tumors with different tumor locations.

T2 (n=82) T3*(n=114)

Factors Peritoneal-side (n=46) Hepatic-side (n=36) Peritoneal-side (n=69) Hepatic-side (n=45)
N1 and N2° 6 16 35 30
N2 1 2 5 11
MP 1 5 13 15
Staging

ITa 40 NA NA NA
IIb NA 20 NA NA
ITa NA NA 33 11
IIIb 5 11 23 16
IVb 1 5 13 18
Status

Alive 32 12 13 8
Succumbed 14 24 56 37

“For T3 GBC tumors, only if a region of a tumor invaded directly into the liver parenchyma, tumors were classified as being located on the
hepatic-side. All other tumors were classified as being located on the peritoneal-side; "N factor and M factor were clinically determined on the
basis of either histopathological data or radiographic evaluation. NA, not applicable; N, regional lymph nodes; M, distant metastasis.

Follow-up and survival. Telephone calls, office visits and
outpatient clinic appointments were conducted for follow-up
of the remaining 307 eligible patients between December 2016
and March 2017 for all patients, providing a potential follow-up
time in months. Patients who were lost to follow-up were not
enrolled in the present study. Overall survival (OS) time was
defined as the number of months from the date of resection to
the time of mortality or last contact (March 2017). Cases with
mortality classified as not being associated with GBC were
also excluded when selecting the patients.

Statistical analyses. Continuous data are expressed as
mean + standard error of the mean. Categorical data are
presented as numbers and their frequencies as proportions (%),
which were compared by Pearson ¥’ tests wherever possible.
Kaplan-Meier curves were plotted and log-rank tests were
performed to analyze and compare OS. Multivariate analyses
were finally applied to assess the prognostic value of UICC
8th edition staging for GBC and other potential predictors
using Cox regression proportional hazards model. P<0.05 was
considered to indicate a statistically significant difference. All
the statistical analyses were performed by IBM SPSS 21.0
statistical software (IBM, Corp., Armonk, NY, USA).

Results

Patient characteristics. A total of 307 eligible and consecu-
tive patients who were surgically treated and histologically
diagnosed with GBC between January 2011 and July 2016 in
The West China Hospital were enrolled in the present study.
Clinicopathological data, including demographics, surgical
procedures, tumor characteristics and staging, are summarized
in detail in Table I. The analyses consist of 109 males (35.5%)
and 198 females (64.5%), with a median age at initial diag-
nosis of 60 years (range, 24-96 years). A total of 160 (52.1%)

patients underwent macroscopic curative resection and the
remaining 147 (47.9%) patients underwent palliative surgery.
The majority of the patients in the present study were classified
as stage IIT and IV (70.1%).

T2 and T3 tumor location. As depicted in Table II, T2 and
T3 patients were assigned through the newly updated UICC
TNM classification, with a distribution of 82 and 114 patients,
respectively. Tumors of T2 and T3 occurred more frequently
on the peritoneal side of the gallbladder (56.1 and 60.5%,
respectively). Applying the latest classification, tumors with
>4 regional lymph nodes involved or any distant metastasis
were classified as stage IVb, which accounted for 7.3 and
27.2% of T2 and T3 tumors, respectively. Finally, 46.3% of
patients with T2 tumors succumbed, whereas 81.6% patients
succumbed in the T3 group.

According to the 8th edition of the UICC TNM classifi-
cation, T2 GBC was stratified into T2a and T2b, which are
peritoneal-side and hepatic-side tumors, respectively. In the
present cohort, patients with T2b tumors were significantly
associated with a higher incidence of nodal involvement
and distant metastasis compared with patients with T2a
tumors (44.4 vs. 13.0%, P=0.002; 13.9 vs. 2.2%, P=0.043;
respectively). Amongst the 114 patients with T3 tumors, the
patients with hepatic-side tumors had a higher incidence of
nodal involvement and distant metastasis compared with those
with peritoneal-side GBC; however, the comparisons did not
present any significant difference (66.7 vs. 50.7%, P=0.122;
33.3 vs. 18.8%, P=0.118; respectively). The incidence of N2
involvement (metastases to =4 regional lymph nodes) was
significantly higher in patients with hepatic-side T3 GBC
(24.4 vs. 7.2%, P=0.001).

Survival analyses by UICC 8th edition TNM classification.
Follow-up began in December 2016 and finished in March 2017
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for the included patients (from January 2011 to July 2016) with
a median follow-up time of 39 months (range, 6-76 months).
A total of 209 patients (68.1%) succumbed to mortality. TNM
stage was assigned to each patient according to the new UICC
8th edition TNM classification, and is also described in detail
in Table I. There were 32, 60, 99 and 116 patients from stages
I, II, IIT and IV, respectively, according to these criteria. The
MST was recorded as 19 months [95% confidence interval (CI),
14.8-23.2 months] for the entire cohort, and as not applicable.
49, 24 and 8 months for stages I, II, III and IV, respectively.
The 3- and 5-year survival rates of the entire cohort were
estimated as 31.9 and 22.1%, respectively.

In the present cohort, differences between the survival of
patients with stage I and the other stages (II-IV) were statisti-
cally significant (P=0.002, P<0.001 and P<0.001, respectively).
Similar results occurred in comparisons between stage II, III
and IV (P<0.001, for all comparisons). By applying the latest
8th edition UICC classification, stage Ila patients obtained a
significantly improved OS compared with stage IIb patients
(P=0.041; Fig. 1), whereas OS comparison between Stage IIb and
[ITa did not present any significant differences (P=0.198; Fig. 1).

Compared with the 7th edition (20), the latest 8th edition
UICC staging manual has produced a number of changes in
the definitions of the T2 category, the N category and the
stages of GBC, which were aforementioned. When long-term
survival times were compared between patients with T2a
(peritoneal-side) and T2b (hepatic-side) GBC in the present
cohort, a significant prognostic difference was observed for
MSTs, which were 49 and 25 months, respectively (P<0.001;
Fig. 2A). Patients in the present cohort were classified into
3 groups by the new definition of the N category, and with
MSTs of 36, 15 and 8 months, respectively, the differences in
OS between patients with NO, N1 and N2 GBC were signifi-
cantly different (P<0.001; Fig. 2B).

Additionally, to investigate the prognostic value of the
tumor location in patients with T3 tumors, survival analysis
was performed for patients with T3h (hepatic-side) and T3p
(peritoneal-side) tumors. However, no significant difference
was determined between the survival of patients with T3p and
T3h tumors (19.0 vs. 12.0 months, P=0.379).

Prognostic factors. To identify prognostic factors for patients
with GBC, multivariate analysis was performed for the entire
cohort. A total of six potential confounders were selected: Age
(=60 vs. <60 years), sex (male vs. female), surgical procedure
(curative resection vs. palliative), nodal involvement (N1
and N2 vs. NO), distant metastasis (M1 vs. M0) and UICC
8th edition staging (stage III and IV vs. stage I and II).
Among these confounders, curative resection was associated
with improved survival [hazard ratio (HR), 0.11; 95% CI,
0.07-0.17], whereas nodal involvement (HR, 1.56; 95% CI,
1.14-2.14), distant metastasis (HR, 2.37; 95% CI, 1.64-3.43)
and more advanced UICC 8th stages (HR, 6.25; 95% CI,
3.81-10.26) were considered independent predictors for
reduced survival (Table IIT).

Discussion

GBC represents an increasing proportion of all biliary tract
diseases, with an incidence that is increasing yearly in the
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Figure 1. Survival of patients with gallbladder cancer at different stages
according to the Union for International Cancer Control 8th edition
Tumor-Node-Metastasis classification. Differences in the survival of patients
between stage I and other stages were significant (all P<0.05), as well as the
differences between patients of stage IV and the other stages (all P<0.001).
Comparisons of the survival between stage I1a and stage IIb patients, and
stage I1la and stage IIIb patients were also significant (P=0.041 and P=0.011,
respectively), whereas the difference between the survival of stage IIb and
stage IIla patients was not statistically significant (P=0.198).

western area of China (7). As the largest medical center of West
China, the West China Hospital produces data that reflects the
epidemiological characteristics of GBC in this region. In the
present study, the male:female ratio was 1.0:1.82, indicating
that females are more susceptible to GBC, which may be medi-
ated by estrogen levels. Pandey and Shukla (21) determined that
multiple pregnancies significantly increased the risk of GBC,
which is associated with the higher levels of progesterone and
endogenous estrogen during pregnancy. Of the 307 eligible
patients in the present study, 39.7% had gallstones, indicating
cholelithiasis as a vital risk factor of GBC. Additionally, an
incidental diagnosis of GBC commonly occurs following
simple cholecystectomy for benign diseases (18,22); therefore,
patients with a long-term history of gallbladder stones should
be highly recommended to undergo surgery.

In December 2016, the UICC published its latest edition
of the TNM staging manual, including a number of changes
in the T2 category, the N category and the stages of GBC. T2
has been stratified by the location of the tumor for the first
time. Furthermore, the number, instead of the location, of the
lymph nodes involved has been taken into account for the N
category. Accompanying that, a number of vital changes have
been introduced to the TNM staging (19). In the present study,
based on the data of the eligible patients in the West China
Hospital, the clinical characteristics of patients with surgically
treated GBC were analyzed using the newly updated UICC
8th edition TNM classification. Furthermore, the prognostic
value of this newly updated edition was validated by survival
analyses of a large cohort from a developing country for the
first time.

With a region of the gallbladder wall being attached to
the liver, the unique position of the gallbladder generates
anatomical differences in the venous/lymphatic drainage
route between hepatic-side and peritoneal-side GBC (23,24).
Ito et al (22) determined that incidental T2 gallbladder
tumors with residual liver disease were similar to T3 tumors
in terms of survival. The Japanese Biliary Surgical Society
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Table III. Multivariate analysis of potential prognostic factors for GBC.
Variables Hazards ratio 95% CI P-value®
Stage by UICC 8th (19) 6.25 3.81-10.26 <0.001
Stage III and IV vs. Stage I and 11

Age, years

=60 vs. <60 1.09 0.92-1.29 0.316
Sex

Male vs. female 0.077 0.57-1.02 0.072
Surgical procedure

Curative vs. palliative 0.11 0.07-0.17 <0.001
Lymph nodes involvement

N1 and N2 vs. NO 1.56 1.14-2.14 0.003
Distant metastasis

M1 vs. MO 2.37 1.64-3.43 <0.001

“Multivariate analyses were applied to assess the prognostic value of UICC 8th edition staging for GBC and other potential predictors using

Cox regression proportional hazards model.
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Figure 2. Survival according to the main changes in the UICC 8th edition of the Tumor-Node-Metastasis classification. (A) Survival of patients with T2 GBC
in different tumor locations. According to the latest UICC classification, patients with T2a experienced significantly improved survival compared with patients
with T2b (P<0.001). (B) Survival of patients with GBC in different N-stages. Comparisons of the survival of patients with GBC in different N-stages were
statistically significant (P<0.001). GBC, gallbladder cancer; UICC, Union for International Cancer Control; T2a, peritoneal-side T2; T2b, hepatic-side T2.

staging system for GBC has taken hepatic invasion as a vital
factor for accurate staging (2); however, the 7th edition of
the UICC/AJCC staging system did not take into account
the impact of tumor location (20). Following the publishing
of the UICC 8th edition staging manual, T2 (tumor invades
perimuscular connective tissue; no extension beyond serosa
or into liver) was stratified into T2a (peritoneal-side) and
T2b (hepatic-side). Furthermore, T2aNOMO and T2bNOMO
were classified as stage I1a and IIb, respectively (19). The
present study indicated that patients could be successfully
classified into 4 stages by the UICC 8th staging manual.
Furthermore, as a result of the main change of this edition,
patients in stage Ila demonstrated a significantly improved
survival time compared with those in stage IIb in this cohort,
which validated the prognostic value of tumor location in
patients with T2 GBC. Differences in stage IIb and I11a were
not statistically significant.

As one of the strongest predictors, the N category was clas-
sified into N1 (hilar nodes) and N2 (other regional nodes) based

on the location of lymph node metastasis in the 7th edition
of the UICC TNM classification (20); however, the number
of lymph nodes involved in metastasis has been reported to
be a vital factor for clinicians to make predictions regarding
the long-term survival of patients with GBC (17,25,26). In the
latest 8th edition of the UICC staging manual, N1 was defined
as metastases to 1-3 regional nodes, and N2 was defined as
metastases to =4 regional nodes. Subsequently, TINIMO,
T2NIMO and T3NIMO were classified as stage Illa, and
AnyTN2MO was defined as stage IVb (19). As indicated in
the survival analyses, the new definition of the N category
effectively stratified the prognosis of the patient. Furthermore,
in agreement with previous studies (17,25,26), analyses by Cox
multivariate regression proportional hazards model confirmed
that regional node involvement was an independent predictor
for patients with GBC.

The newly updated UICC TNM classification has taken
into account the tumor location for stage II; however, classifi-
cations of stage I, IIT and IV were not influenced by the tumor
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location in this edition (19). Theoretically, survival of stage I
patients could not be stratified well by the tumor location for the
limited infiltrating range of T1 tumors, and the majority of T1
tumors were associated with a favorable prognosis following
radical resection (11,27,28). Furthermore, all T4 tumors were
considered as hepatic-side tumors (18). Thus, a comparison
was produced between hepatic-side and peritoneal-side loca-
tion for all the patients with T2 and T3 tumors, respectively,
in this cohort. Amongst the patients with T2 tumors, the
hepatic-side tumor location was significantly associated with
a higher incidence of distant metastasis and regional lymph
node involvement. Notably, it was observed that in the present
study, patients with T3 hepatic-side tumors may obtain a
higher incidence of nodal involvement and distant metas-
tasis, although this association did not achieve any statistical
significance. Nevertheless, as aforementioned, the incidence
of N2 involvement was significantly higher in the patients with
hepatic-side T3 tumors. With an MST of 19 and 12 months
for peritoneal-side and hepatic-side T3 GBCs, respectively
(P=0.379), location (hepatic-side vs. peritoneal-side) did not
influence the prognosis of the patients with T3 GBC in the
present study. Due to the reduced prognosis, we suggest that
more aggressive surgical procedures should be performed for
patients with suspicious lesions on the hepatic-side of the gall-
bladder. Additionally, simple cholecystectomy, instead of just
follow-up, should be highly recommended for patients diag-
nosed with polyps or other benign lesions on the hepatic-side
of the gallbladder.

The present study had a number of limitations, the
most significant of which was its retrospective nature, with
potential error and variations when collecting information,
including the details of the surgery and follow-up. In addi-
tion, all patients were surgically treated and diagnosed with
GBC histologically, while those without surgical intervention
were not enrolled, which inevitably meant missing a number
of cases. Additionally, methods to improve prognosis and
prevent recurrence, including adjuvant therapies, novel tech-
nologies, and molecular and genetic features, were not taken
into account for the survival and multivariate analyses in the
present cohort.

In conclusion, the present study conducted the first attempt
to validate the utility of the prognostic value of the newly
updated UICC 8th edition TNM classification for patients with
surgically treated GBC. The data indicated that applying the
latest definition of the T2 category, the N category and the
stages of GBC for the survival analysis of patients who were
surgically treated is appropriate and promising. Additionally,
the location of the tumor on the gallbladder may not influence
the prognosis of patients with T3 tumors. Application of the
UICC 8th edition of the TNM classification would enhance
the ability to risk-stratify patients and predict the prognosis of
patients with GBC.
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