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Abstract
AIM: To explore risk factors of lymphatic metastasis 
(LM) in gallbladder cancer, and their potential to com-
plement unsatisfactory radiological detection.

METHODS: Radiological detection of LM by computed 
tomography (CT) was reported to fail in more than 
60% of patients with pathological LM. In order to find 
risk factors highly suggestive of LM other than radiolog-
ical manifestations, the documents of 63 patients were 
analyzed statistically. Except for 4 patients having T1a 
disease, in whom cholecystectomy is enough for radi-
cal resection, 59 patients underwent lymphadenectomy 
with at least 3 lymph nodes dissected. Fifty point eight 
percent (32/63) of patients were found to have LM dur-
ing pathological examination. The median number of 
dissected lymph nodes was 6 (range 3-20).

RESULTS: Only 31.3% (10/32) of patients with LM 
were detected by CT. Through multivariate analysis, 
two risk factors of LM were discovered as age < 60 
years (OR = 6.24; P  < 0.01) and carbohydrate antigen 
(CA) 19-9 elevation (OR = 5.70; P  < 0.05). By analysis 
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of patients with pathological LM but failed to be detect-
ed by CT, 81.8% (18/22) of patients had at least one 
risk factor, including 31.3% (10/32) who had the risk 
factor of age < 60 years, and 37.5% (12/32) who had 
the risk factor of CA 19-9 elevation. Besides, among pa-
tients with LM (n  = 32), those whose age were younger 
than 60 years (OR = 3.41; P  < 0.05) were more likely 
to have 3 or more positive lymph nodes.

CONCLUSION: Age < 60 years and CA 19-9 elevation 
could complement radiological detection of LM. Patients 
aged < 60 years are at higher risk of multiple positive 
nodes.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Gallbladder cancer; Multidetector computed 
tomography; Lymphatic metastasis; Lymph node exci-
sion; Carbohydrate antigen 19-9; Age 

Core tip: High-quality lymphadenectomy is an essential 
part of radical resection of gallbladder cancer. However, 
until now, no frequently used radiological modalities 
could satisfy the need of precise preoperative evalu-
ation of lymphatic status, including ultrasonography, 
computed tomography (CT), magnetic resonance and 
positron emission tomography, and most patients with 
lymphatic metastasis (LM) could not be detected until 
postoperative pathology. This study discovered two 
risk factors of LM as age < 60 years and carbohydrate 
antigen 19-9 elevation. By combining these two factors 
to direct radiological detection of LM on CT, the total 
percentage of LM detected preoperatively could have a 
drastic increase from 31.3% to 81.8%.
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INTRODUCTION
Gallbladder cancer is the most aggressive biliary cancer, 
and is frequently accompanied with lymphatic metastasis 
(LM)[1]. Metastasis via the lymphatic route could happen 
when tumors extend to the muscular layer (T1b)[2], and 
deteriorate patients’ prognosis obviously. 

In patients with LM, lymphadenectomy is an essential 
part of  radical resection, and should ensure clearance of  
all positive lymph nodes. Although high-quality lymph-
adenectomy is becoming more and more popularized 
in some tertiary centers[3-7], according to the database 
of  surveillance, epidemiology, and end results in United 
States, only 5.3% among a total of  about 3000 patients 
underwent qualified lymphadenectomy based on the 
minimum standard set by American Joint Committee on 
Cancer (AJCC)[8]. Currently, there is no effective radio-
logical method for preoperative detection of  LM. Com-
puted tomography (CT), which is the most frequently 
used radiological modality, could only detect 36% of  
patients with LM in N1 station, and 47% in N2 station[9]. 
Even worse, the poor detection of  LM by CT could not 
be complemented by using advanced radiological modali-
ties, such as positron emission tomography (PET)/CT 
and magnetic resonance imaging (MRI). In a study by 
Petrowsky et al[10], PET/CT detected 12% of  LM in pa-
tients with biliary tract cancer. In a study by Corvera et 
al[11], PET/CT detected 29% of  LM. Detection of  LM 
was not obviously improved by using MRI, since accord-
ing to a study by Kim et al[12], MR only detected 56% of  
LM.

In order to achieve effective preoperative detection 
of  LM, this study aims to explore risk factors other than 
radiological manifestations. Besides, from data of  pa-
tients with LM found through pathological examination, 
we also analyzed risk factors correlated with having 3 or 
more positive nodes in patients with LM. The phenom-
enon of  having more than 1 positive node is not rare in 
patients with LM, which suggests poor prognosis even 
after radical resection[13,14].

MATERIALS AND METHODS
Patient population 
Documents of  patients with gallbladder cancer treated at 
Sir Run Run Shaw Hospital in China from January 2005 
to May 2013 were reviewed. In our center, radical resec-
tion contained three parts: (1) cholecytectomy; (2) resec-
tion of  partial liver with or without resection of  other 
adjacent organ; and (3) lymphadenectomy. 

During lymphadenectomy, the portal triad was rou-
tinely dissected. If  there was suspicious metastasis, lymph 
nodes in other groups such as the peripancreatic, superior 
mesenteric, celiac and periaortic groups were selectively 
dissected.

According to the AJCC staging system[15], accurate 
pathological diagnosis of  lymphatic status should be 
based on at least 3 dissected nodes. Patients with 0-2 dis-
sected lymph nodes had unclear lymphatic status. There-
fore, our study did not include these patients, unless they 
were staged as T1a (n = 4), for whom lymphadenectomy 
was not necessary[2,16]. Patients with incidental gallbladder 
cancer were not included, since most of  them did not 
undergo preoperative staging by CT. In total, documents 
of  63 patients were analyzed in this study.

Tumor biomarkers
All patients had tests of  tumor biomarkers before opera-
tion. Elevation of  carbohydrate antigen 19-9 (CA 19-9), 
carcinoembryonic antigen (CEA) and CA-125 was defined 
as > 37 IU/L, > 5 ng/mL and > 35 IU/L respectively. 

Radiological diagnosis
All the patients received CT within two weeks before op-
eration. The instrument used was a Sensation 16 scanner 
(Siemens, Erlanger, Germany). CT scan included three 
phases as plain, arterial and venous. The multidetector 
thin-section was 7 mm. At CT imaging, none of  the pa-
tients had unresectable invasions, such as metastasis to 
the peritoneum, superior mesenteric artery lymph nodes 
or the aortic lymphatic group.

At CT imaging, LM was defined as having lymph 
nodes with a dimension of  at least 1.0 cm; adjacent or-
gan invasion was defined as a loss of  fat planes between 
gallbladder wall and adjacent organ; and dilatation of  the 
common bile duct was defined as its diameter wider than 
1.0 cm.

Statistical analysis
Independent samples were compared by using the Pear-
son’s χ 2 test, continuity (Yate’s) correction or Fisher’s 
exact test, and related samples were compared by using 
sign tests. For candidate predictors in multivariate analysis 
(logistic regression), the removal limit was P < 0.10, and 
entry limit was P < 0.05. All analyses were performed us-
ing SPSS, version 16. P < 0.05 was considered statistically 
significant.

RESULTS
Patient demographics 
All patients (n = 63) in this study underwent radical resec-
tion. Among them, there were 23 males and 40 females. 
The median age was 62 years (range 39 to 81 years). The 
most commonly used operation (n = 38) was a combina-
tion of  cholecystectomy and hepatic wedge resection. 
Besides, 3 patients had additional resection of  the trans-
verse colon, 3 patients had right hemihepatectomy and 6 
patients had hepatopancreaticoduodenectomy (Table 1). 

Except 4 patients staged as T1aN0M0, 59 patients 
underwent lymphadenectomy. The median number of  
dissected lymph nodes was 6 (range 3-20). Fifty point 
eight (32/63) of  patients were found to have LM during 
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pathological examination. Among them, 12 patients had 
3 or more positive lymph nodes, and the median number 
of  positive lymph node was 2 (range 1 to 7) (Table 2). 

Risk factors of LM
Preoperative factors including age, gender, jaundice, CA 
19-9, CEA, CA 125, adjacent organ invasion at CT imag-
ing and dilatation of  the common bile duct at CT imag-
ing were analyzed for their correlations with occurrence 
of  LM. Through univariate and multivariate analysis, only 
age < 60 years (OR = 6.24; P < 0.01) and CA 19-9 eleva-
tion (OR = 5.70; P < 0.05) were found to be independent 
factors correlated with a higher risk of  LM (P < 0.05) 
(Table 3).

We also explored risk factors predictive of  having 
3 or more positive nodes in patients with LM (n = 32). 
By univariate analysis, age < 60 years and female gender 
were found to be factors with statistical significance (P < 
0.05). But by multivariate analysis, only age < 60 years (OR 
= 3.41) was found to be an independent factor correlated 
with a higher risk of  having 3 or more positive lymph 
nodes (P < 0.05) (Table 4).

Complements to poor radiological detection
Only 31.3% (10/32) of  patients with LM were detected 
by CT alone. The sensitivity, specificity and accuracy 
of  radiological diagnosis were 31.3% (10/32), 100.0% 
(31/31) and 65.1% (41/63), respectively. Among those 
with pathological LM but failed to be preoperatively de-
tected by CT, 81.8% (18/22) of  patients had at least one 
risk factor, with 31.3% (10/32) who had the risk factor 
of  age < 60 years, and 37.5% (12/32) who had the risk 
factor of  CA 19-9 elevation. This analysis suggested that 
these risk factors could be used to complement the un-
satisfactory results of  radiological detection.

DISCUSSION
In this study, we discussed that preoperative lymphatic 

staging based on CT imaging was unsatisfying. Though 
having high accuracy to diagnose invasions of  adjacent 
organs[17] and blood vessels[18], CT has its Achilles’ heel in 
detection of  LM. Only 31.3% of  patients with LM were 
successfully detected by CT. Heterogeneous enhance-
ment and diameter > 1.0 cm were two major radiological 
criteria to diagnose LM at CT imaging. These diagnostic 
criteria were based on two characteristics of  metastatic 
lymph nodes: cancerous necrosis for heterogeneous en-
hancement, and nodal enlargement for increase in diam-
eter. However, based on a study by Ohtani et al[9], more 
than half  (62%) of  positive lymph nodes failed to be pre-
sented at CT imaging, suggesting that a large percentage 
of  positive lymph nodes share great similarity to normal 
nodes, such as having small size. A study by Morimoto 
et al[19] verified this idea. In their research, the optimum 
cut-off  size for positive lymph nodes was calculated as 
7.5 mm, and using this standard to judge metastasis only 
have an unsatisfying sensitivity of  60.8%. Even worse, 
23.5% of  positive nodes had a diameter less than 5 mm.

Since no currently used radiological modalities could 
provide satisfying detection of  LM, risk factors of  LM 
other than radiological findings should be explored. In 
this study, we discovered two factors of  age < 60 years 
and CA 19-9 elevation correlating with LM.

As for the factor of  age < 60 years, while the mecha-
nism behind the correlation between younger age and 
LM is unclear yet, except for gallbladder cancer, this cor-
relation was already discovered in breast cancer[20], gastro-
intestinal stromal tumors (GISTs)[21] and rectal cancer[22]. 
A possible explanation is that younger patients tend to 
have lower differentiated types, thus more easily to have 
LM even when the tumor is within the gallbladder wall. 
However, due to the relatively small size of  this study, 
there was no statistical significance found in the relation 
between differentiation type and age or LM (P > 0.05, 
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Table 1  Patient demographics (n  = 63)

Characteristic Value

Median age (range) 62 (39-81)
Gender
Male/female 23/40
Types of radical resection1

   Normal radical resection 
     C alone 61
     C + WR + N 38
     C + WR + N + BD   7
   Extensive resection 
     C + WR + N + resection of the transverse colon   3
     C + right hemihepatectomy + N   3
     HPD   6

16 patients staged as T1aN0M0 only received cholecystectomy. C: Cho-
lecystectomy; WR: Hepatic wedge resection (thickness as 2-3 cm); BD: 
Resection of the common bile duct; N: Radical lymphadenectomy; HPD: 
Hepatopancreaticoduodenectomy.

Table 2  Results of pathological examination (n  = 63)

Characteristic Value

AJCC stage1 
   Stage Ⅰ 10
   Stage Ⅱ 14
   Stage ⅢA   7
   Stage ⅢB 30
   Stage ⅣA   2
Histologic grade
   Grade 1 22
   Grade 2 22
   Grade 3 17
   Grade 4   2
Lymph node dissection
   Median number of dissected lymph nodes (range)   6 (0-20)
   Patients with LM 32
   Median number of positive lymph nodes in patients 
   with LM (range)

2 (1-7)

1According to American Joint Committee on Cancer (AJCC) staging sys-
tem (7th, 2010), Stage Ⅰ was defined as T1N0M0, Stage Ⅱ as T2N0M0, 
Stage ⅢA as T3N0M0, Stage ⅢB as T1-3N1M0, Stage ⅣA as T4N0-1M0. 
LM: Lymphatic metastasis.
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thelium of  normal tissue[24,25]. 
In this study, of  patients with LM but failed to be 

detected by CT, 81.8% of  patients had at least one of  the 
risk factors discussed above, which proves that these risk 

Table 5). As for the factor of  CA 19-9, it is one of  the 
most frequently used tumor biomarkers in biliary cancer, 
and is also a type of  selectin[23] with the major function 
of  facilitating interaction of  cancer cells with the endo-

Table 3  Correlations between preoperative factors and lymphatic metastasis (n  = 63)

Variable No-LM (n  = 31) LM (n  = 32) Univariate Multivariate

P  value OR 95%CI P  value
Age  0.015a 6.240   1.66-22.41  0.007a

   < 60 yr (n = 28)   9 19
   ≥ 60 yr (n = 35) 22 13
Gender 0.082 2.532 0.70-9.28 0.155
   Male (n = 23)   8 15
   Female (n = 40) 23 17
Jaundice 0.062 3.100   0.59-16.32 0.182
   Present (n = 12)   3   9
   Absent (n = 51) 28 23
CA 19-9 elevation  0.014a 5.700   1.48-22.00  0.011a

   Present (n = 26)   8 18
   Absent (n = 37) 23 14
CA 125 elevation 0.165
   Present (n = 9)   2   7
   Absent (n = 54) 29 25
CEA elevation 0.805
   Present (n = 13)   6   7
   Absent (n = 50) 25 25
Adjacent organ invasion at CT imaging 0.476
   Present (n = 21)   9 12
   Absent (n = 42) 22 20
Dilatation of the common bile duct at CT imaging 0.784
   Present (n = 11)   5   6
   Absent (n = 52) 26 26

aP < 0.05 between lymphatic metastasis (LM) and no-LM groups. CA: Carbohydrate antigen; CEA: Carcinoembryonic antigen; CT: Computed tomography.

Table 4  Correlations between preoperative factors and number of positive lymph nodes (n  = 32)

Variable 1 or 2 positive lymph nodes 
(n  = 20)

3 or more positive lymph nodes 
(n  = 12)

Univariate Multivariate

P  value OR 95%CI P  value
Age  0.033a 3.41 1.17-9.92  0.025a

   < 60 yr (n = 28)   9 10
   ≥ 60 yr (n = 35) 11   2
Gender  0.043a 2.36 0.78-7.20 0.129
   Male (n = 23) 14   4
   Female (n = 40)   6   8
Jaundice 0.361
   Present (n = 12) 16   7
   Absent (n = 51)   4   5
CA 19-9 elevation 0.198
   Present (n = 26) 13   5
   Absent (n = 37)   7   7
CA 125 elevation 0.320
   Present (n = 9)   6   1
   Absent (n = 54) 14 11
CEA elevation 0.740
   Present (n = 13) 16   9
   Absent (n = 50)   4   3
Adjacent organ invasion at CT imaging 0.642
   Present (n = 21) 13   7
   Absent (n = 42)   7   5
Dilatation of common bile duct at CT imaging 0.483
   Present (n = 11) 15 11
   Absent (n = 52)   5   1

aP < 0.05 between groups. CA: Carbohydrate antigen; CEA: Carcinoembryonic antigen; CT: Computed tomography.
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factors could complement the unsatisfactory radiological 
detection in resectable gallbladder cancer.

Furthermore, among patients with LM, we discovered 
age < 60 years as the only risk factor (OR = 3.41) related 
to the symptom of  having 3 or more positive lymph 
nodes. The pattern of  multiple positive lymph nodes 
was reported to be correlated with worse prognosis. In a 
study by Sakata et al[14], the cumulative 5-year postopera-
tive survival rates were 62% for patients with one positive 
node, but only 15% for patients with 4 or more positive 
nodes. In a study by Shirai et al[26], the number of  positive 
nodes predicts prognostic value better than anatomical 
location of  positive nodes and lymph node ratio. Among 
patients in that study, the 1- and 3-year survival rates of  
patients having 3 or more positive nodes were 31% and 
15%, respectively, which were significantly worse than 
those of  patients having 1 to 2 positive nodes (74% vs 
25%, P < 0.05, Figure 1). Therefore, for the aim of  accu-
rately predicting prognosis and avoiding residual of  posi-
tive nodes, we believe that high quality lymphadenectomy 
should be ensured in patients aged < 60 years. 

The relatively small size (n = 63) is the limitation of  
this study. This is mainly because of  the relatively strict 
criterion we used for the selection of  patients, which 
is, according to AJCC staging system[15], that an effec-

tive lymphadectomy should contain 3 or more dissected 
lymph nodes.

In conclusion, patients with factors of  age < 60 years 
and CA 19-9 elevation are at a highly increased risk of  
LM. These two factors could be used as complements 
to preoperative lymphatic staging, especially for patients 
in whom CT failed to detect LM. High quality lymph-
adenectomy should be ensured for patients aged < 60 
years since they are more likely to have 3 or more positive 
lymph nodes, especially when LM is present.
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Background
Gallbladder cancer is the most aggressive biliary cancer, and is frequently ac-
companied with lymphatic metastasis (LM). Precise preoperative evaluation of 
the extent of invasion, such as LM, is important for clinical surgical decision-
making, and helps surgeons to be well-prepared for specific procedure, such as 
high-quality lymphadectomy. 
Research frontiers
Unfortunately, by presently used radiological modalities, including computed 
tomography (CT), magnetic resonance and positron emission tomography/CT, 
more than half of patients with LM could not be detected preoperatively. For CT, 
heterogeneous enhancement and diameter larger than 1.0 cm were two major 
radiological criteria to diagnose LM. However, a large percentage of positive 
lymph nodes do not have such two characteristic features and resemble normal 
lymph nodes in appearance. Many studies have reported the unsatisfactory 
results of radiological detection of LM, but no methods were discovered to solve 
this problem.
Innovations and breakthroughs
Since even the most advanced radiological methods could not provide effective 
detection of LM, we seek alternative clues (risk factors) of LM in preoperative 
findings other than radiological presentations. Age < 60 years (OR = 6.24) and 
carbohydrate antigen 19-9 elevation (OR = 5.70) were discovered as risk fac-
tors to complement radiological detection of LM. Besides, among patients with 
LM, those whose age were younger than 60 years (OR = 3.41) were more likely 
to have 3 or more positive lymph nodes.
Applications
By combining these two risk factors to direct radiological detection of LM on 
CT, the total percentage of LM detected preoperatively could have a drastic 
increase from 31.3% to 81.8%.
Peer review
This study finds an innovative strategy to complement radiological staging of 
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Table 5  Correlations between differentiation type and age, lymphatic metastasis (n  = 63)

Differentiation type1 Age < 60 yr (n  = 28) Age ≥ 60 yr (n  = 35) P  value (G1 vs  G2-4) No LM LM P value (G1 vs  G2-4)

G1   9 13 0.679 13   9 0.250
G2-4 19 22 18 23
G2 10 12 10 12
G3   7 10   7 10
G4   2   0   1   1

1G1 indicates well differentiated, G2 indicates moderately differentiated, and G3 indicates poorly differentiated G4 as undifferentiated. LM: Lymphatic 
metastasis.
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Figure 1  Postoperative survival in patients with different lymphatic sta-
tus. Grey solid line indicates patients with no lymphatic metastasis, black solid 
line indicates patients with 1 or 2 positive lymph nodes, and black dotted line 
indicates patients with 3 or more positive lymph nodes.
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