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RESULTS: With a median follow-up time of 26.50 mo
(range, 2-132 mo), median DSS was 29.00 ± 3.92
mo (5-year survival rate, 20.51%). Nodal disease was
found in 37 patients (47.44%). DSS of node-negative
patients was significantly better than that of node2
positive patients (median DSS, 40 mo vs 17 mo, χ =
14.814, P < 0.001), while there was no significant difference between N1 patients and N2 patients (median
2
DSS, 18 mo vs 13 mo, χ = 0.741, P = 0.389). Optimal
TLNC was determined to be four. When node-negative
patients were divided according to TLNC, there was
no difference in DSS between TLNC < 4 subgroup and
2
TLNC ≥ 4 subgroup (median DSS, 37 mo vs 54 mo, χ
= 0.715, P = 0.398). For node-positive patients, DSS of
TLNC < 4 subgroup was worse than that of TLNC ≥ 4
2
subgroup (median DSS, 13 mo vs 21 mo, χ = 11.035,
P < 0.001). Moreover, for node-positive patients, a new
cut-off value of six nodes was identified for the number
of TLNC that clearly stratified them into 2 separate survival groups (< 6 or ≥ 6, respectively; median DSS, 15
2
mo vs 33 mo, χ = 11.820, P < 0.001). DSS progressively worsened with increasing PLNC and LNR, but no
definite cut-off value could be identified. Multivariate
analysis revealed histological grade, tumor node metastasis staging, TNLC and LNR to be independent predictors of DSS. Neither location of positive lymph nodes
nor PNLC were identified as an independent variable by
multivariate analysis.

Abstract
AIM: To investigate the lymph node metastasis patterns of gallbladder cancer (GBC) and evaluate the
optimal categorization of nodal status as a critical prognostic factor.
METHODS: From May 1995 to December 2010, a total
of 78 consecutive patients with GBC underwent a radical resection at Liaocheng People’s Hospital. A radical
resection was defined as removing both the primary
tumor and the regional lymph nodes of the gallbladder. Demographic, operative and pathologic data were
recorded. The lymph nodes retrieved were examined
histologically for metastases routinely from each node.
The positive lymph node count (PLNC) as well as the
total lymph node count (TLNC) was recorded for each
patient. Then the metastatic to examined lymph nodes
ratio (LNR) was calculated. Disease-specific survival
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CONCLUSION: Both TLNC and LNR are strong predictors of outcome after curative resection for GBC.
The retrieval and examination of at least 6 nodes can
influence staging quality and DSS, especially in nodepositive patients.
© 2013 Baishideng. All rights reserved.
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Core tip: The presence or absence of lymph node metastasis is an important prognostic factor in patients with
curatively resected gallbladder cancer (GBC). The present study evaluates the prognostic impact of number,
location and ratio of involved lymph nodes, in addition
to well described prognostic parameters, in patients with
curatively resected GBC. The results demonstrate that total lymph node count and lymph node ratio are more appropriate to stratify GBC patients with regards to prognosis; removal and pathological examination of at least six
lymph nodes can influence staging quality and diseasespecific survival especially in node-positive patients.

Table 1 Number of radical resection procedures and their
relationship with tumor node metastasis stages
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1
Tumor of the patient infiltrated the serosa at the visceral surface of the
gallbladder bottom; 2This patient was an incidental gallbladder cancer
with a diagnosis confirmed during the initial operation by frozen section
with a preoperative diagnosis of choledochal cyst. C: Cholecystectomy; N:
Lymphadenectomy; WR: Wedge resection of the gallbladder fossae; S4aS5:
Liver resection of segments Ⅳa and Ⅴ; ELH: Extended left hepatectomy;
ERH: Extended right hepatectomy; CH: Central hepatectomy; BD:
Resection of the bile duct; HPD: Hepatopancreaticoduodenectomy; Other:
Other organ tissue resection; TNM: Tumor node metastasis.

INTRODUCTION
Gallbladder cancer (GBC) is one of the most common
malignancies of the biliary tract with poor prognosis,
because it is usually detected at an advanced stage due
to no specific symptoms. Treatment options for GBC
have evolved over the last decade, as it has become well
accepted that patients benefit from radical resection[1-4].
The spread modes of GBC are direct, lymphatic, vascular, neural, intraperitoneal and intraductal. Lymph node
is one of the most common sites of metastasis of GBC.
The presence or absence of lymph node metastasis is an
important prognostic factor in patients with curatively
resected GBC[5-8]. However, the method of optimally
categorizing lymph nodal involvement in GBC remains
controversial[9,10]. It is increasingly being recognized that
an inadequate number of lymph nodes examined may
adversely influence survival and lead to understaging of
GBC[11]. Some investigators have highlighted the importance of metastatic lymph node count as a means of
stratification, while others rely on the location of involved
nodes[12]. Some investigators have emphasized the total
number of lymph nodes resected during operation[13,14].
Recent studies have also demonstrated the influence of
involved lymph node count and metastatic to examined
lymph nodes ratio (LNR) on survival of patients with
GBC[15,16]. The present study evaluates the prognostic
impact of number, location and ratio of involved lymph
nodes, in addition to well described prognostic parameters, in patients with curatively resected gallbladder cancer.

defined as removing both the primary tumor and the
regional lymph nodes of the gallbladder. Cancer arising
in the cystic duct was also included as gallbladder cancer. Eight patients with early pT stages (Tis or T1) were
excluded due to their resection of only simple cholecystectomy without lymphadenectomy. Eleven patients were
excluded due to incomplete clinicopathologic data or follow-up loss. As a result, 78 patients were retrospectively
reviewed; these included 46 women and 32 men ranging
in age from 33 years to 82 years (median, 59 years).
Radical resection procedures
Radical resection procedures consisted of cholecystectomy, en bloc hepatic resection, and lymphadenectomy with
or without bile duct excision. Lymphadenectomy included
en bloc clearance of cystic duct, pericholedochal, hepatic
artery, portal vein, periduodenal and peripancreatic lymph
nodes. Celiac artery, perigastric, superior mesenteric artery
and para-aortic nodal clearances were not performed routinely in every patient, but if there was any evidence of
tumor infiltration or metastasis to the near organ or tissues, these nodes would be cleared by an extended radical
operation such as pancreaticoduodenectomy. The extent
of liver resection was guided by the extent of the tumor’
s liver infiltration, and the guiding principle is acquiring a
negative surgical margin while at the same time preserving
the maximal amount of liver parenchyma. A 2-cm nonanatomical wedge of gallbladder fossa was performed if
the tumor was confined to gallbladder, and formal resection of segments Ⅴ and Ⅳ a was performed if there was
gross liver involvement.
The operative procedures are shown in Table 1. All
patients underwent lymphadenectomy. The operative pro-

MATERIALS AND METHODS
Patient population
From May 1995 to December 2010, a total of 78 consecutive patients with GBC underwent a radical resection
at Liaocheng People’s Hospital. A radical resection was
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TNM stage procedure
C+N
C + WR + N
C + S4aS5 + N
C + ELH + N
C + ERH + N
C + BD + N
C + WR + BD + N
C + S4As5 + BD + N
C + CH + BD + N
C + S4aS5 + other + N
C + S4As5 + BD + other + N
C + ERH + BD + other + N
HPD + N
Sum
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cedures included cholecystectomy (n = 8), wedge resection (n = 29), resection of segments Ⅳa and Ⅴ (n = 30),
resection of the bile duct (n = 20), extended hepatectomy
(n = 5), hepatopancreaticoduodenectomy (n = 6), with
other organ tissue resection (n = 7), portal vein resection
and reconstruction (n = 2), proper or right hepatic artery
resection (n = 3).

RESULTS
Pathologic features
Pathological findings were documented using the American Joint Committee on Cancer (AJCC) cancer staging manual (7th edition)[17]. Resection margin status was
judged as no residual tumor (R0) in all 78 patients. The
primary tumor was pTis in 1 patient, pT1 in 7 patients,
pT2 in 12 patients, pT3 in 44 patients, and pT4 in 14 patients. The lymph node stage was N0 in 41 patients, N1
in 31 patients and N2 in 6 patients. The M stage was M0
in 74 patients and M1 in 4 patients. Of the metastasis
patients, 1 was a single metastasis lesion on the visceral
peritoneum and the other 3 were liver metastases. Then
the patients were classified according to tumor node metastasis (TNM) staging: stage 0 (n = 1), stage Ⅰ (n = 6),
stage Ⅱ (n = 8), stage ⅢA (n = 19), stage ⅢB (n = 24),
stage ⅣA (n = 10) and stage ⅣB (n = 10).

Pathological examination
Immediately after resection, the operating surgeon separated the lymph nodes from the node-bearing adipose
tissues of the fresh surgical specimen, which were then
divided by the surgeon into individual node groups according to their locations. The specimen was then fixed
in 10% buffered formaldehyde solution. Primary tumor
was examined to determine the histologic type, tumor
grade, depth of infiltration, tumor involvement of excised contiguous viscera and resection margins. Histologic grade was determined based on the areas of tumor
with highest grade. Lymph node metastasis was defined
as tumor cells detected on histopathologic examination
using hematoxylin and eosin stain.
The lymph nodes retrieved were examined histologically for metastases routinely from each node. The positive lymph node count (PLNC) as well as the total lymph
node count (TLNC) was recorded for each patient. Here,
PLNC and TLNC represented the sum of regional, celiac
artery, perigastric, superior mesenteric artery and paraaortic nodes evaluated in the patient. Then the metastatic
to examined LNR was calculated.

Distribution of lymph nodes metastasis
A total of 465 lymph nodes taken from the 78 studied
patients were evaluated. TLNC ranged from 1 to 24 (median, 4) per patient. According to the AJCC cancer staging manual (7th edition)[17], the topographical distribution
of the analyzed lymph nodes included 361 first-station
nodes and 104 second-station nodes (Table 2). There
were significantly more first-station nodes per patient
(median = 4; range: 1-12) than second-station nodes (median = 0; range: 0-12) (t = 10.46, P < 0.001).
Of the 78 studied patients, 37 (47.44%) had a total of
98 positive lymph nodes. The number of positive nodes
per patient ranged from 1 to 9 (median = 2). There were
5 (25.00%) of 20 patients with pTis to pT2 stage who had
positive nodal disease, whereas 32 (55.17%) of 58 patients
with pT3 to pT4 stage had positive nodal disease. The occurrence of lymph node metastasis was increased obviously with the advance of pT stage (χ 2 = 5.430, P = 0.020).
The topographical distribution of all positive lymph
nodes is shown in Table 2. Among the 37 node-positive
patients, the prevalence of nodal disease was highest in
the pericholedochal (n = 20, 54.05%) or the cystic duct (n
= 18, 48.65%) node group, followed by the periportal (n
= 12, 32.43%), hepatic artery (n = 10, 27.03%), posterosuperior pancreaticoduodenal (n = 6, 16.22%), hilar (n =
4, 10.81%), and right celiac (n = 1, 2.70%) node groups.
The paraaortic, superior mesenteric artery and perigastric
nodes were not involved in any of our patients.
Of 13 patients with a single positive node, 11 (84.62%)
had nodal disease in either the pericholedochal (n = 6)
or cystic duct (n = 5) node group, suggesting that initial nodal involvement occurred primarily in these node
groups.
Analysis of the topographical distribution of positive
lymph nodes may be helpful to derive the route of lymphatic spread from GBC (Table 2). In this study, GBC
primarily spread to the first-station nodes, then to the
second-station nodes.

Patient follow-up after resection
Of 78 patients, one died during the hospital stay because
of liver failure after the definitive resection, giving an inhospital mortality rate of 1.28%. Patients discharged to
home were followed up regularly every 1-6 mo, with a
median follow-up time of 26.50 mo (range, 2-132 mo).
Adjuvant chemoradiation therapy was administered to 23
patients at the discretion of the individual surgeons. Only
deaths from tumor recurrence were treated as failure
cases in the analysis of disease-specific survival (DSS),
whereas those from other causes were recorded as censored cases. The survival time in each patient was defined
as the interval between the date of definitive resection
and the date of last follow up or death.
Statistical analysis
Categorical variables were compared using the Pearson
χ 2 test. Numerical variables were compared using paired
samples t test. Survival curves were constructed using the
Kaplan-Meier method, and differences in survival were
evaluated with the log rank test. Cox regression analysis
was used to identify independent predictors of diseasespecific survival using factors found to be significant by
univariate analysis. The IBM SPSS 16.0 software (SPSS
Inc., Chicago, IL, United States) was used for all statistical evaluations. All tests were two-tailed and P values less
than 0.05 were considered statistically significant.
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Table 2 Topographical distribution of 465 lymph nodes evaluated in 78 patients with gallbladder cancer n (%)
Node group

Patients with node group

Cystic duct1
Pericholedochal1
Periportal1
Hepatic artery1
Posterosuperior pancreaticoduodenal2
Hilar1
Right celiac2
Perigastric2
Superior mesenteric artery2
Paraaortic2
Sum

Lymph nodes evaluated

evaluated
41 (53.95)
68 (81.18)
47 (60.26)
48 (61.54)
22 (28.21)
18 (23.08)
8 (10.26)
4 (5.13)
6 (7.69)
6 (7.69)
78 (100)

Patients with positive

Positive nodes

nodes
18 (23.08)
20 (25.64)
12 (15.38)
10 (12.82)
6 (7.69)
4 (5.13)
1 (1.28)
0 (0.00)
0 (0.00)
0 (0.00)
37 (47.44)

19 (19.39)
29 (29.59)
18 (18.37)
12 (12.24)
12 (12.24)
6 (6.12)
2 (2.04)
0 (0.00)
0 (0.00)
0 (0.00)
98 (100)

46 (9.89)
146 (31.40)
74 (15.91)
69 (14.84)
56 (12.04)
26 (5.59)
21 (4.52)
6 (1.29)
11 (2.37)
10 (2.15)
465 (100)

First-station nodes; 2Second-station nodes; according to the American Joint Committee on Cancer cancer staging manual (7th edition). Here, hilar lymph
nodes classified as first-station nodes and perigastric lymph nodes classified as second-station nodes.
1
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Figure 1 Kaplan-Meier survival estimates stratified. A: Lymph node status (negative vs positive; median disease-specific survival, 40 mo vs 17 mo); B: pN status
in nodal positive patients (pN1 vs pN2; median disease-specific survival, 18 mo vs 13 mo).

Survival after regional lymphadenectomy
Of the overall patients, there were 22 patients who survived more than 3 years and 16 patients survived more
than 5 years by the end of the follow-up; the median DSS
was 29.00 ± 3.92 mo (5-year survival rate, 20.51%). The
postoperative DSS of node-negative patients was significantly better than that of node-positive patients (median
DSS, 40 mo vs 17 mo, χ 2 = 14.814, P < 0.001, Figure 1A).
Most node-negative patients achieved long-term survival
after R0 resection (5-year survival rate, 26.83%). Of the
37 node-positive patients after an R0 resection, only 5
patients survived more than 5 years (5-year survival rate,
13.51%).
We then focused on a subgroup of 37 node-positive
patients who had undergone an R0 resection for survival
analysis; they comprised 31 N1 stage patients and 6 N2
stage patients. The postoperative DSS was not significantly different between N1 node-positive patients (median survival time, 18 mo; 5-year survival rate, 12.90%)
and N2 node-positive patients (median survival time, 13
mo; 5-year survival rate, 16.67%) (χ 2 = 0.741, P = 0.389,
Figure 1B). Of the 5 patients with node-positive disease
who survived for more than 5 years, there were two patients who underwent a pancreaticoduodenal lymph node
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dissection with hepatopancreaticoduodenectomy for suspected N2 nodal disease. These findings suggested that
regional lymphadenectomy could achieve an acceptable
rate of long-term survival even in patients with advanced
stage of nodal metastasis, provided that an R0 resection
is feasible.
Cut-off values for the TNLC, PNLC and LNR
Based on the magnitude of the Log-rank test χ 2 statistic,
the optimal cut-off value was four nodes for the number
of TLNC. Based on these results, the number of TLNC
was placed into two categories in subsequent analyses (<
4 or ≥ 4, respectively). DSS of TLNC < 4 group was
worse than that of TLNC ≥ 4 group (median DSS, 18
mo vs 33 mo, χ 2 = 5.606, P = 0.018, Figure 2A). When
node-negative patients were divided according to TLNC,
there was no difference in DSS between TLNC < 4 subgroup (n = 60) and TLNC ≥ 4 subgroup (n = 21) (median
DSS, 37 mo vs 54 mo, χ 2 = 0.715, P = 0.398, Figure 2B).
For node-positive patients, DSS of TLNC < 4 subgroup
was worse than that of TLNC ≥ 4 subgroup (median
DSS, 13 mo vs 21 mo, χ 2 = 11.035, P < 0.001, Figure 3A).
Moreover, for node-positive patients, a new cut-off value
of six nodes for the number of TLNC clearly stratified
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Figure 2 Kaplan-Meier survival estimates stratified for total lymph node count status (< 4 or ≥ 4, respectively). A: In 78 patients who underwent an R0 resection (median disease-specific survival, 18 mo vs 33 mo); B: In 41 node-negative patients (median disease-specific survival, 37 mo vs 54 mo). TLNC: Total lymph node
count.
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Figure 3 Kaplan-Meier survival estimates stratified for total lymph node count status in 37 node-positive patients. A: n < 4 or ≥ 4, respectively; median
disease-specific survival, 13 mo vs 21 mo; B: n < 6 or ≥ 6, respectively; median disease-specific survival, 15 mo vs 33 mo. TLNC: Total lymph node count.

them into 2 separate survival groups (< 6 or ≥ 6, respectively; median DSS, 15 mo vs 33 mo, χ 2 = 11.820, P <
0.001, Figure 3B).
DSS progressively worsened with increasing PLNC
and LNR, but no definite cut-off value could be identified.
Based on the previous literature, we left the cut-off value
as 3 nodes for PLNC and 50% for LNR separately[13,16].

DISCUSSION
Studies have demonstrated that the presence or absence
of lymph node metastasis is an important prognostic factor in patients with curatively resected GBC[5,13,18-20]. Patients with lymph node metastasis have significantly worse
survival than those with negative nodes[1,21]. With the increasing safety of hepatic and pancreatic surgery, various
radical procedures have been advocated to improve the
curative outcome for advanced GBC[22-24]. Recent data also
suggest that aggressive resection may improve long-term
survival, even in patients with advanced stage disease[3,12,25].
It had been confirmed that the main lymphatic pathway of the gallbladder descends along the common bile
duct and into the retroportal nodes, then to the posterosuperior of the head of the pancreas or around the
hepatic artery, and finally to the paraaortic nodes near the
left renal vein[26-28]. Based on these detailed anatomical
studies, it has been suggested that lymphatic metastasis
from GBC spreads widely through the hepatoduodenal
ligament towards the peripancreatic region and beyond. In

Factors influencing disease-specific survival after
resection
Univariate analyses identified liver invasion, venous invasion, pT classification, pN classification, pM classification, TNM staging, lymph node invasion, TLNC, PLNC,
LNR and histological grade as significant prognostic factors (Table 3).
The univariately significant variables were then entered into multivariate analysis. Histological grade, TNM
staging, TLNC and LNR remained as independently significant variables (Table 4). Neither location of positive
lymph nodes nor PLNC were identified as an independent variable by multivariate analysis.

WJG|www.wjgnet.com
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Table 3 Univariate analysis of clinical and histopathologic variables
Variable

Number of patients

Age (yr)
< 60
≥ 60
Sex
Female
Male
Cholelithiasis
Present
Absent
Type of radical resection
Extended cholecystectomy
Partial hepatectomy1
Partial hepatectomy and EBD resection
Extended hepatectomy2
Hepatopancreaticoduodenectomy
Hepatic infiltration
Present
Absent
Bile duct infiltration
Present
Absent
Venous invasion
Present
Absent
Perineural invasion
Present
Absent
Lymph node involvement
Present
Absent
pT classification3
pT0-pT2
pT3-pT4
pN classification3
pN0
pN1
pN2
pM classification3
pM0
pM1
TNM staging3
0-Ⅱ
Ⅲ
Ⅳ
TLNC
<4
≥4
Number of positive lymph nodes
0
<3
≥3
LNR
0
< 50
≥ 50
Histological type
Adenocarcinoma
Others
Histological grade
G1-G2
G3-G4

P value

Survival rate
3-yr

5-yr

41
37

34.15%
24.32%

17.07%
18.92%

46
32

28.26%
31.25%

17.39%
18.75%

25
53

24.00%
32.08%

16.00%
18.87%

7
37
23
5
6

42.86%
32.43%
30.43%
0.00%
50.00%

42.86%
13.51%
26.09%
0.00%
33.33%

41
37

14.63%
51.35%

4.88%
37.84%

17
61

29.41%
32.79%

23.53%
19.67%

10
68

0.00%
36.76%

0.00%
23.53%

9
69

22.22%
33.33%

22.22%
20.29%

37
41

16.22%
46.34%

13.51%
26.83%

20
58

60.00%
22.41%

45.00%
12.07%

41
31
6

46.34%
16.13%
16.67%

26.83%
12.90%
16.67%

74
4

33.78%
0.00%

21.62%
0.00%

15
43
20

80.00%
23.26%
15.00%

60.00%
11.63%
10.00%

26
52

15.38%
40.38%

41
24
13

46.34%
16.67%
15.38%

26.83%
16.67%
7.69%

41
15
22

46.34%
33.33%
4.55%

26.83%
33.33%
0.00%

69
9

33.33%
22.22%

20.29%
22.22%

58
19

36.21%
15.79%

24.14%
5.26%

0.222

0.523

0.374

0.179

0.005

0.238

0.001

0.539

< 0.001

0.001

< 0.001

0.002

< 0.001

0.018
  

7.69%
26.92%
< 0.001

< 0.001

0.706

0.042

1

Includes wedge resection and resection of segments Ⅳa and Ⅴ; 2Includes extended right hepatectomy, extended left hepatectomy and central hepatectomy;
According to the American Joint Committee on Cancer cancer staging manual (7th edition). G1: Well differentiated; G2: Moderately differentiated; G3:
Poorly differentiated; G4: Undifferentiated; EBD: Endoscopic balloon dilatation; TNM: Tumor node metastasis; TLNC: Total lymph node count; LNR:
Lymph node ratio.
3
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Table 4 Results of Cox multivariate regression analysis
Variable

Parameter estimate

Tumor node metastasis staging
0-Ⅱ
Ⅲ
Ⅳ
Lymph node ratio
Total lymph node count
Histological grade

-3.112
-1.044
  2.424
-0.147
-0.755

Wald χ

2

P

20.559

< 0.001

19.846
9.341
20.247
14.273
5.512

< 0.001
  0.002
< 0.001
< 0.001
  0.019

this study, initial nodal involvement occurred primarily in
the cystic duct or pericholedochal nodes, followed by periportal and hepatic artery nodes. Posterosuperior pancreaticoduodenal and right celiac lymph nodes were involved
in 16.22% of node-positive patients and were classified as
N2 disease, according to the 7th edition of AJCC classification. However, we observed that the categorization of
patients as having N2 disease did not adversely influence
DSS as compared to those with N1 disease. Hence, we
believe that even patients with N2 lymph node metastasis
can achieve an ideal survival if radical lymphadenectomy
is performed. An addition of pancreaticoduodenectomy
could result in an R0 resection by removing extensive
peripancreatic nodal disease in a select group of patients[22,23,29]. Furthermore, Murakami et al[30] suggested
that it is lymph node metastasis but not para-aortic lymph
node metastasis that is associated independently with
longer survival by multivariate analysis. In this study, six
patients were treated with pancreaticoduodenectomy and
two patients survived more than five years.
The high propensity for lymphatic spread in GBC
renders adequate lymphadenectomy indispensable for
improving patient outcomes after resection[8,19]. However,
because of the rarity of disease and low resectability
rates, which limit the ability to perform large cohort studies or prospective randomized trials, the optimal extent
of lymphadenectomy remains unresolved and there are
no uniform evidence-based guidelines on the issue[9,10].
Accuracy of nodal staging depends on a critical number
of lymph nodes analyzed; insufficient number of nodes
retrieved during surgery or examined pathologically leads
to underestimation of disease stage[14]. Although the 6th
edition of AJCC suggests a minimum of three lymph
nodes to be assessed for appropriate pathologic nodal
staging of gallbladder cancer, the basis of recommendation is not clear, and there are no established standards. A
large population-based study on the SEER database demonstrated that of the 2835 resected patients with T1-T3
M0 GBC, only 5.3% had a lymphadenectomy of three
or more lymph nodes[31]. Also, Ito et al[14] independently
suggested that retrieval and evaluation of at least six
lymph nodes improves risk stratification after resection in
node-negative patients. These observations indicate that
retrieval of a larger number of lymph nodes than previously practiced is warranted not only for accurately staging the nodal status, but also for improving survival due
to better clearance of nodal disease[13].
Although a greater number of examined nodes might
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Hazard ratio
1.000
0.045
0.352
  11.293
0.864
0.470

95%CI

0.011-0.175
0.180-0.688
3.929-32.465
0.800-0.932
0.250-0.883

improve the survival of the disease, the results of our
study suggest that retrieval and evaluation of at least
four nodes is perhaps optimal. Furthermore, TLNC significantly correlated with DSS in node-positive patients
and allowed better prognostic substratification of these
patients. For node-positive patients in this study, we can
get a new cut-off value of six nodes for the number of
TLNC that clearly stratifies them into 2 separate survival
groups, which is more optimal than four nodes. But no
definite cut-off value of TLNC could be identified for
node-negative patients. Since the TLNC-survival relationship was observed only in node-positive patients and not
in those node-negative patients, we believe that a higher
count not only helps in stage purification but also helps
improve therapeutic benefit, which is more serious in
node-positive patients. These findings should heighten
awareness about the importance of TLNC amongst surgeons performing lymphadenectomy for suspected nodepositive patients. We believe that adequate lymphadenectomy is indispensable for improving the prognosis after
radical resection in patients with GBC.
Endo et al[32] first suggested that the PLNC is more
useful in assessing nodal status than the location of positive nodes in GBC. Sakata et al[12] additionally showed
that the number, but not location, of positive nodes independently determined prognosis after resection. The
burden of nodal disease (PLNC) also had an impact on
prognosis; there was significantly reduced DSS observed
in this study with involved nodes. The DSS progressively
worsened with increasing PLNC; however, we were not
able to identify any specific cut-off value. The use of
PLNC as a prognostic factor might be limited by inherent
bias of inadequate number of lymph nodes retrieved or
histologically examined which leads to the phenomenon
of “stage migration”. However, many recent studies (including this study) have reported a number of long-term
survivors after resection for GBC with multiple positive
lymph nodes[11,29,30,33]. These observations indicate that
regional lymph node dissection for GBC provides long
term survival for selected patients with multiple positive
lymph nodes, provided that R0 resection is feasible.
LNR has been shown to be an important predictor
of survival for many gastrointestinal tract cancers after
surgery because it is a better and reproducible method
of stratifying nodal status which incorporates not only
the burden and biology of disease (PLNC) but also the
quality of lymphadenectomy and pathologic examination (TLNC)[34-36]. Negi et al[16] first found that LNR, and
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count as a means of stratification while others rely on the location of involved
nodes. Some investigators emphasized the total number of lymph nodes resected during operation. Recent studies have also demonstrated the influence
of involved lymph node count and metastatic to examined lymph nodes ratio
(LNR) on survival of patients with GBC.

not PLNC, was an independent prognostic factor in their
study cohort comprising 57 patients with a relatively small
TLNC. Our study suggests that, along with tumor TNM
staging, LNR is an independent prognostic factor and
another important lymph nodal variable in patients undergoing curative resection for GBC. The prognostic impact
of LNR was observed in the entire group, including the
subgroup of patients with positive nodes, even though we
could not find an optimal cut-off value in this study. LNR
is of particular value in patients who cannot adequately
be staged because of the limited number of lymph nodes
evaluated. In the case of insufficient lymph node evaluation, LNR will more accurately reflect the nodal status
than the number of positive nodes in GBC. Patients with
high LNR after radical resection might need adjuvant
chemoradiation therapy to improve their prognosis.
The strengths of our study include the reasonably
sized cohort of patients managed in a single institution
using a standardized treatment approach. The current
study has several limitations: the retrospective nature of
the analysis, the relatively small number of patients spanning a long period of time, some variability in the degree
of nodal dissection, and the short follow-up time for
some patients. The observations need to be confirmed
in larger, especially population-based, cohort. We believe,
however, that these limitations did not greatly affect the
results of the study as the differences between groups
were too marked to have resulted from bias. In addition,
the role of TLNC and LNR in assessing the nodal status
for GBC is now more clearly defined than previously,
based on the current study. Our results thus provide useful information for accurately staging nodal disease, predicting prognosis after resection, and selecting candidates
for adjuvant chemoradiation therapy after resection.
The results of the present study demonstrate that,
rather than categorizing GBC patients based on PLNC
or location of involved nodes, TLNC and LNR are more
appropriate tools to stratify patients with regards to prognosis. Our data also suggest that removal and pathological examination of at least six lymph nodes can influence
staging quality and disease-specific survival especially in
node-positive patients. This knowledge should heighten
awareness amongst surgeons about the importance of
performing lymphadenectomy for suspected node-positive patients, aiming to retrieve and examine an adequate
number of lymph nodes.

Innovations and breakthroughs

The presence or absence of lymph node metastasis is an important prognostic
factor in patients with curatively resected GBC. The present study evaluates
the prognostic impact of number, location and ratio of involved lymph nodes, in
addition to well described prognostic parameters, in patients with curatively resected GBC. The results demonstrate that total lymph node count (TLNC) and
LNR are more appropriate to stratify GBC patients with regards to prognosis,
and removal and pathological examination of at least six lymph nodes can influence staging quality and disease-specific survival especially in node-positive
patients.

Applications

The study results suggest that TLNC and LNR are more appropriate to predict
the prognosis of GBC patients, while surgeons need to achieve clearance and
pathologically examine at least six lymph nodes to improve staging quality and
disease-specific survival especially in node-positive patients.

Peer review

The lymph node is one of the most common sites of metastasis of GBC. The
presence or absence of lymph node metastasis is an important prognostic factor in patients with curatively resected GBC.
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