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Abstract
Background This study aimed to compare the seventh edition of the tumor node metastasis (TNM) staging system to the
sixth edition to validate its usefulness in predicting prognosis for gallbladder cancer.
Methods Gallbladder cancer patients were staged according to both the sixth and seventh editions of the American Joint
Committee on Cancer (AJCC) staging system.
Results A total of 142 patients underwent cholecystectomy for gallbladder cancer. According to the seventh edition, the
survival time of N1 and N2 was different (P=0.006), and the survival difference between N0 and N1 became significant after
excluding cases with no lymph node dissection (P=0.035). The −2 log likelihoods of the sixth and seventh edition TNM
stages were 216.282 and 217.460, respectively, suggesting non-superiority of the seventh edition. Excluding cases with no
lymph node dissection resulted in a lower −2 log likelihood score for both editions (sixth, 157.002; seventh, 158.758).
Conclusions Sufficient lymph node dissection allows better prognostic stratification by application of the AJCC staging
system. Even though the new N stage of the seventh edition showed some improvement in predicting prognosis, the overall
performance of the seventh edition was not much better than the sixth. Further improvement is needed in the gallbladder
cancer staging system.
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Introduction

Gallbladder cancer accounts for only about 2 % of all
cancers, and its annual incidence is about 2,000 in South
Korea. In the world, gallbladder cancer is the fifth most
common cancer of the gastrointestinal tract and accounts
for about 1 % of all cancers.1 The survival rate has improved
slowly with multimodality treatment and improvement of
surgical methods.2, 3 Due to its rarity and advanced stage at
presentation, there have not been many studies aimed at
identifying meaningful prognostic factors, and it is not easy
to predict treatment outcomes of patients with gallbladder
cancer.4

The American Joint Committee on Cancer (AJCC) stag-
ing system has been proven to be very important in the
treatment and clinical trials of variety of cancers.5 Accurate
differentiation of the tumor node metastasis (TNM) stage is
essential in predicting patient outcome and for planning
post-surgery treatment.6 Staging allows the selection of
patients for clinical trials, their appropriate treatment, and
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the evaluation of new therapies. For these reasons, TNM
staging is continually modified and re-evaluated. As for
most other cancers, the depth of tumor invasion and nodal
metastasis are well-proven prognostic factors for gallbladder
cancer.7 The AJCC staging system differentiates gallbladder
cancer based on the tumor depth of invasion (T stage),
lymph node metastasis (N stage), and distant metastasis
(M stage).8 The latest edition of AJCC TNM staging for
gallbladder cancer awaiting validation is the seventh edition
published in 2009.

Modifying T, N, M, and overall stage is important,
but it has to be followed by accurate assessment of
these factors in gallbladder cancer.7 Among various
tumor factors, the accuracy of N stage evaluation is
especially important in gallbladder cancer because it
can be affected by the extent of lymph node sampling.
Gallbladder cancer is commonly diagnosed incidentally,
and re-exploration shows a high incidence of residual
disease in lymph node.9, 10 Inadequate lymph node
sampling can lead to underestimation of N stage.

Here, we aimed to compare the seventh edition of the
TNM system to the sixth edition to validate its useful-
ness in predicting prognosis. In addition, through the
differentiation of staging, we aimed to determine the
sufficient extent of lymph node dissection according to
the stage of gallbladder cancer.

Patients and Methods

Study Population

Patients who underwent cholecystectomy for gallbladder
cancer at Severance Hospital between November 2005 and
March 2012 were enrolled. Patients who had a noncurative
(R1 or R2) resection were excluded. Clinicopathologic data
of all patients were analyzed retrospectively. Tumors were
staged according to both the sixth and the seventh editions
of the AJCC staging systems.

Data Analysis and Statistical Methods

The primary end points were overall survival (OS) and
progression-free survival (PFS). OS was calculated from
the date of diagnosis until death from any cause or the
patient’s last visit to the hospital. PFS was calculated from
the date of operation until the date of recurrence or the day
of the last radiological evaluation computed tomography or
magnetic resonance imaging.

The 3-year survival rate and OS were calculated using the
Kaplan–Meier method. Differences between OS curves
were assessed by the log rank test. The likelihood ratio
chi-square test related to the Cox regression model was used

for measuring goodness of fit. The −2 log likelihood (which
was the parameter in the Cox regression) of the sixth edition
was compared to that of the seventh edition—the smaller the
value of this statistic, the better the model. All analyses were
performed with the SPSS statistical program (version 18.0;
SPSS Inc.). P<0.05 was considered statistically significant.

Results

Patient Characteristics

A total of 174 patients underwent cholecystectomy for gall-
bladder cancer. Thirty two patients who did not have R0
resection were excluded, and 142 patients were enrolled.
The median follow-up time was 26.5 months. The 3-year
overall survival rate was 69 %. All patients underwent
radical or simple cholecystectomy for gallbladder cancer.
The mean patient age was 62.3 years (range, 38.0–90.0),
and the sex ratio (male/female) was 63:79. Twenty one of
the 142 patients had D0 dissection (no lymph node dissec-
tion), 19 patients had D1 dissection (with N1 lymph node
dissection and without N2 lymph node dissection), and 102
patients had D2 dissection (with both N1 and N2 lymph
node dissection). Even though the role of adjuvant chemo-
therapy was not definitely established in gallbladder cancer,
we advised all the patients with lymph node metastasis to
receive 5-fluorouracil-based adjuvant chemotherapy.

Stratification of Prognosis According to the Sixth
and Seventh Editions of TNM Staging Systems

In the seventh edition, the survival difference between N1
and N2 was significant (median OS; N1 (56.1 months) vs.
N2 (27.6 months), P=0.006; Fig. 1), and the survival dif-
ference between N0 and N1 became significant after exclud-
ing cases with no lymph node dissection (median OS; N0
(67.6 months) vs. N1 (56.1 months), P=0.035). Even
though it was not statistically significant, patients without
lymph node dissection (Nx) showed a trend of poor outcome
compared to the N1 group (median OS; N1 (56.1 months)
vs. Nx (36.7 months), P=0.263) (Fig. 1).

Generally, the reassignment of disease stage occurred to a
higher tier (Table 1). The stage IB and IIA patients of the
sixth edition were reclassified to a higher tier in the seventh
edition (stages II and IIIA, respectively). All of the stage IIB
patients in the sixth edition had a 58 % 3-year survival rate
and were restaged due to N stage reclassification (N0, N1,
N2). These patients were reclassified to a higher tier in the
seventh edition: 22 of 36 were staged as stage IIIB and 14 as
stage IVB. The 22 patients of stage IIB according to the
sixth edition, who were reclassified to stage IIIB in the
seventh edition, had a 74.0 % 3-year survival rate. The other
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14 patients of stage IIB according to the sixth edition,
who were reclassified to stage IVB in the seventh
edition, had a 35.7 % 3-year survival rate. In addition,
all of the stage III patients in the sixth edition were
staged due to N stage reclassification (N0, N1, N2).
These patients were reclassified to a higher tier in the
seventh edition: six of the ten patients were staged as
stage IVA and four as stage IVB.

The 3-year survival rates measured at each overall stage
were as follows: 100 % (IA), 80 % (IB), 60 % (IIA), 58 %
(IIB), 22 % (III), and 0 % (IV) (sixth edition); and 100 % (I),
80 % (II), 60 % (IIA), 74 % (IIIB), 45 % (IVA), and 19 %
(IVB) (seventh edition) (Table 2). Survival curves of the
sixth and seventh editions are described in Fig. 2a, b. Since
the analysis of N stage showed the extent of lymph node
dissection could affect overall survival, we also analyzed
survival according to overall stage after excluding cases
with no lymph node dissection. The 3-year survival rates
of each overall stage measured according to the seventh
edition were 100, 93, 88, 74, 40, and 19 % (Table 1). At
the time of last follow-up, the percentages of survivor
according to seventh edition were as follows: 100, 91, 69,
73, 50, and 37 %.

Subgroup Analysis in the Seventh Edition TNM Staging
System

Positive N2 lymph nodes were found more frequently in the
T3 or T4 stage compared to the T1 or T2 stage (Table 3).
Furthermore, even in T1B, there was tumor involvement of
the N2 lymph nodes, suggesting that D2 dissection was
needed even in early gallbladder cancer. Among stage IIIB,
a trend existed of differences in the 3-year survival rate
between T1-2N1M0 (93 %) and T3N1M0 (35 %) sub-
groups. The T1-2N1M0 (93 %) subgroup also tended to
have a better outcome than T3N0M0 (88 %).

Rearrangement of the Staging System for Gallbladder
Cancer

We tried grouping T3N1M0 and T4N0-1 M0 together. In
addition, we moved the T1-2N1M0 subgroup to a lower tier.
Taken together, we suggest a new staging system as follows:
I (T1N0M0), IIA (T2N0M0), IIB (T1-2N1M0), IIIA
(T3N0M0), IIIB (T3-4N1M0, T4N0M0), IVA (T1-
4N2M0), and IVB (T1-4 N0-2 M1). The 3-year survival
rates of each overall stage measured according to our sug-
gestion would be as follows: 100, 93, 93, 88, 36, 21, and
0 %. Survival curves for our suggested staging are described
in Fig. 2c.

Verification of the Seventh Edition of TNM Staging System

The performances of the sixth and seventh edition staging
systems were quantified by the −2 log likelihood. The −2
log likelihoods of sixth and seventh edition TNM stages
were 216.282 and 217.460, respectively. After excluding
cases with no lymph node dissection, the −2 log likelihood
score of the sixth and seventh editions were 157.002 and
158.758, respectively, suggesting non-superiority of the sev-
enth edition and the importance of sufficient lymph node
dissection. The predictive ability of both editions was im-
proved with sufficient lymph node dissection. We also com-
pared our suggested staging to the sixth and seventh

Table 1 Cross-table of gallbladder cancer patients according to sixth
and seventh editions of AJCC staging

6th edition Total

IA IB IIA IIB III IV

7th edition

I 38 38

II 44 44

IIIA 13 13

IIIB 22 22

IVA 6 6

IVB 14 4 1 19

Total 38 44 13 36 10 1 142

AJCC American Joint Committee on Cancer

Fig. 1 Kaplan–Meier overall
survival curves for 142 patients
a stratified by N stage
according to the seventh edition
of AJCC TNM staging system,
b after differentiating Nx group
(overall log rank P<0.001)

J Gastrointest Surg (2013) 17:925–930 927



editions, which showed that, with lymph node dissection,
the −2 log likelihood score of our suggested system was
153.742.

Discussion

The AJCC cancer staging system has been revised every 6–
8 years since the first edition was introduced in 1977.5 The
seventh edition was published in 2009 and has been used
since January 2010. According to the seventh edition, the
lymph nodes of gallbladder cancer are divided into the hilar
lymph nodes and other regional lymph nodes. This has been
reclassified in terms of the possibility of surgical resection
and patient outcome.8 In addition, there are some changes in
overall stages reflecting reclassification of N stage. Here, we
aimed to validate the usefulness of AJCC staging of the
seventh edition in predicting prognosis, and we also deter-
mined what the sufficient extent of lymph node dissection
according to the stages of gallbladder cancers was.

In the seventh edition of TNM staging, N differentiation
is probably the most notable point. Our study showed that
prognosis worsened as N stage increased. Even in the T3
and T4 stages, if there was no lymph node metastasis, a
good prognosis could be expected. The 3-year survival rates
of T3N0M0 and T4N0M0 were much higher than the same
T stage gallbladder cancers with N1 or N2 stage. Regarding
the extent of lymph node sampling, we found that the
survival curve of the Nx group overlapped the N1 and N2
groups, suggesting that the Nx group (without lymph node
dissection) probably included regional lymph node metasta-
sis (N1) and even distant lymph node metastasis (N2). If the
Nx group was assumed as the N0 group, the staging deter-
mination could result in underestimation. These results
clearly demonstrated that the new N stage was good at
predicting prognosis and that sufficient node sampling was
required to accurately predict prognosis.

The accurate analysis of the prognosis of gallbladder
cancer is difficult partly because of persistent confusion
over the adequate extent of resection and the fact that

Table 2 Three-year survival rate
of gallbladder cancer patients
according to the seventh edition
of AJCC staging and our
suggestion

AJCC American Joint Committee
on Cancer
aAfter excluding cases with no
lymph node dissection

7th edition Number 3-year
survival rate

Numbera 3-year
survival ratea

Our suggestion Numbera 3-year
survival ratea

I 38 100 30 100 I 30 100

T1N0M0 T1N0M0

II 44 80 36 93 IIA 36 93

T2N0M0 T2N0M0

IIIA 13 60 9 88 IIB 15 93

T3N0M0 T1-2N1M0

IIIB 22 74 22 74 IIIA 9 88

T1-3N1M0 T3N0M0

IVA 6 45 5 40 IIIB 12 36

T4N0-1M0 T4N0M0

T3-4N1M0

IVB 19 19 19 19 IVA 18 21

T1-4N2M0 T1-4N2M0

T1-4N0-1 IVB 1 0

M1 T1-4N0

M1

Fig. 2 Kaplan–Meier overall survival curves for 142 patients stratified by stage according to a the sixth edition, b the seventh edition, and c our
suggestion of staging system (overall log rank P<0.001)
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staging of gallbladder cancer is often confused by incom-
plete removal of the tumor.11, 12 In particular, lymph node
evaluation is very important for the radical resection of
gallbladder cancer.13 In the absence of lymph node evalua-
tion, as we have demonstrated above, radical resection
might not provide benefits over simple cholecystectomy.14,
15 Even though the importance of lymph node evaluation is
clear, the extent of lymph node dissection at each T stage
remains controversial.16 We did not find lymph node metas-
tasis in any patients at the T1A stage. Regional or systemic
spreading of T1B gallbladder cancer at presentation has
been debated.17 In the case of T1B gallbladder cancer, we
showed that 4 of 24 patients (16.7 %) had lymph node
metastasis (N1, two patients; N2, two patients). Pawlik et
al.18 also reported recently that 24 % of patients with T1B
and 45 % of patients with T2 cancers have lymph node
metastasis. Radically extended surgical resection is needed
for better survival outcome.19, 20 Considering the difficulty
of differentiating the T1A stage from more advanced T
stages, we recommend extended lymph node sampling even
when early gallbladder cancer is suspected in preoperative
evaluation to ensure the accurate evaluation of lymph nodes
and removal of hidden metastasis.21, 22

With sufficient lymph node sampling, both the sixth and
seventh edition staging systems performed better for pre-
dicting prognosis. However, the seventh edition was not
superior to the sixth edition. Overlapping of survival curves
among stages and a higher −2 likelihood score of the sev-
enth edition suggested that further improvement was need-
ed. We investigated the supplemental point of the seventh
edition of TNM staging, by first trying to differentiate
TanyN2M0 from TanyNanyM1 in stage IVB. In our study,
the 3-year survival rate of stage IVB was 19 % with D2
dissection. However, all survivors at this stage were in the
TanyN2M0 group, and no patients in the TanyNanyM1
group survived. We assumed that the TanyNanyM1 group
had a tendency of worse survival rate compared to the

TanyN2M0 group. Second, due to differences of survival
between the T1-2N1M0 and T3N1M0 subgroups, we tried
to move the T3N1M0 group to a higher stage. Third, stage
T1 and T2 subgroups with sufficient lymph node dissection
were expected to show a better outcome. In contrast, the
stage T3 and T4 subgroups had a tendency of poor outcome,
even if lymph node dissection was carried out. Indeed, the
T1-2N1M0 subgroup showed a trend of better outcome than
T3N0M0. We, therefore, moved the T1-2N1M0 subgroup to
a lower stage. Taken together, our suggestions are as fol-
lows: I (T1N0M0), IIA (T2N0M0), IIB (T1-2N1M0), IIIA
(T3N0M0), IIIB (T3-4N1M0, T4N0M0), IVA (T1-4N2M0),
IVB (T1-4 N0-2 M1). These suggestions resulted in a much
lower −2 log likelihood score (153.742) compared to the
existing sixth and seventh edition staging systems. It seems
that the gallbladder cancer staging system can be further
improved, and further validation is required.

We note that our study had some limitations. First, min-
imal overlap remained in the graph of survival analysis even
after our modifications, probably due to the limited number
of patients and heterogeneity in surgical methods. After the
standardization of surgical protocols, further validation with
large population will be needed. Second, as we suggested
above, extended cholecystectomy (D2 dissection) was re-
quired for gallbladder cancer to allow accurate prediction of
prognosis, but the survival benefit of extending lymph node
dissection and the extent of lymph node dissection that was
required remain unknown.23–26 Even though relatively large
portion of gallbladder cancer patients in our institution had
D2 dissection compared to other study,27 some of them
(13.4 %) still had only D0 dissection. If all of gallbladder
cancer patients had adequate lymph node dissection, more
precise validation for TNM staging could be possible, and
also, survival benefit of extended lymph node dissection
could be validated. Third, due to poor outcome of gallblad-
der cancer and short inclusion time, the median follow-up
time was not so long, and we only showed 3-year survival
rate. It could limit making any significant conclusions about
long-term survival. Finally, heterogeneity existed not only
in the extent of lymph node dissection but also in surgical
methods. Future analysis of long-term survival with a large
number of patients and standardized surgical methods will
be required to validate a new staging system.

Our study is the first to validate the seventh edition of
TNM staging in gallbladder cancer. Although the seventh
edition of TNM staging for gallbladder cancer did not show
better performance in predicting prognosis than the sixth
edition, we were able to add some supplemental points to
the seventh edition. In addition, we showed that the extent
of lymph node dissection greatly affected the prognostic
predictive ability of TNM staging. N2 metastasis may occur
even in early stage gallbladder cancer, and adequate lymph
node dissection, possibly D2 dissection, is, therefore,

Table 3 Cross-table between T and N stages in the seventh edition of
TNM staging system

N stage (%) Total

Nxa N0 N1 N2

T stage (%)

T1a 6 (33.3) 12 (66.7) 0 (0) 0 (0) 18

T1b 2 (8.3) 18 (75.0) 2 (8.3) 2 (8.3) 24

T2 8 (12.5) 36 (56.3) 13 (20.3) 7 (10.9) 64

T3 4 (15.4) 9 (34.6) 7 (26.9) 6 (23.1) 26

T4 1 (10.0) 4 (40.0) 1 (10.0) 4 (40.0) 10

Total 26 (14.9) 84 (48.3) 28 (16.1) 36 (20.7) 142

a The number of patients without lymph node dissection
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required for almost all cases of gallbladder cancer staging.
After standardizing surgical techniques, especially the ex-
tent of lymph node dissection, large population-based stud-
ies are needed to establish better staging system for
gallbladder cancer.

Conflict of interest The authors have no financial conflicts of
interest.
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