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Abstract
Objective To evaluate the significance of tumor locations in patients with resected gallbladder carcinoma (GBC) and to 
supply the indication of extra-hepatic bile duct resection (EHBDR) according to tumor locations.
Methods Patients with resected GBC from 2010 to 2020 in our hospital were retrospectively analyzed. Comparative analyses 
and a meta-analysis were performed according to different tumor locations (body/fundus/neck/cystic duct).
Results Article: A total of 259 patients were identified (neck: 71; cystic: 29; body: 51; fundus: 108). Patients with proximal 
tumors (neck/cystic duct) were often in a more advanced stage and had more aggressive tumor biological features as well as 
a worse prognosis compared with those with distal tumors (fundus/body). Moreover, the observation was even more obvious 
between cystic duct and non-cystic duct tumors. Cystic duct tumor was an independent prognostic factor for overall survival 
(P = 0.01). EHBDR provided no survival advantage even in those with cystic duct tumor. Meta-analysis: With our own 
cohort incorporated, five studies with 204 patients with proximal tumors and 5167 patients with distal tumors were identified. 
Pooled results revealed that proximal tumors indicated worse tumor biological features and prognosis versus distal tumors.
Conclusion Proximal GBC had more aggressive tumor biological features, and a worse prognosis versus distal GBC and 
cystic duct tumor can be regarded as an independent prognostic factor. EHBDR had no obvious survival advantage even 
in those with cystic duct tumor and was even harmful in those with distal tumors. Upcoming more powerful well-designed 
studies are required for further validation.
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Introduction

Gallbladder carcinoma (GBC) is a biliary epithelium-
derived rare but deadly malignancy with a reported 
5-year survival rate less than 5%.1 Curative surgery pro-
vides the only chance of curing the disease, and a sig-
nificantly prolonged survival could be observed in those 
who received radical resection.2 According to its tumor 
locations, such rare entity can be furtherly classified into 
five major categories, including lesions located in the 
fundus, body, neck, cystic duct, and disease with diffused 
spread type. Tumor location has been introduced as a 
vital prognostic factor, sharing similar prognostic value 
as lymph node status, surgical margin, tumor differen-
tiation status, and tumor stages.3–5 Based on the tumor 
locations, Kuruhara et al. firstly classified GBC as two 
major subtypes: the proximal type (n = 40) and the distal 
type (n = 40).6 The former mainly indicated those with 
tumor mass located in the neck or the cystic duct, and the 
latter mainly indicated those with tumor mass located in 
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the fundus or the body.6 Their results indicated that the 
proximal tumors were associated with more aggressive 
tumor biological features compared with those with dis-
tal tumors.6 Similar results were also reported by Leigh 
N et  al. that neck tumors (n = 15) had a significantly 
shorter survival even with a higher R0 rate after curative 
resection.7 More specifically, Yu TN et al. focused on the 
prognostic significance of cystic duct GBC (n = 36).8 A 
significantly worse prognosis in patients with cystic duct 
tumor versus those with non-cystic duct tumor and there-
fore these authors recommended that cystic duct cancer 
should be deemed as extra-hepatic cholangiocarcinoma 
rather than GBC.8 Obviously, although previous studies 
have revealed the clinical significance of tumor locations 
in patients with GBC, especially lesions located in neck 
and cystic duct, their small sample size has continued 
undermining the validity of their findings. Therefore, our 
study was performed to have a comprehensive evaluation 
on the significance of tumor locations in patients with 
GBC, especially in those with neck and cystic tumors. 
Moreover, with our own single-center experience incor-
porated, a meta-analysis was also performed for further 
validation.

Besides, in our previous series, although the role of 
combined extra-hepatic bile duct resection (EHBDR) 
in the surgical management of patients with GBC has 
been systematically evaluated,9,10  its prognostic value 
with regard to different tumor locations has been rarely 
explored. Only Kuruhara et al. indicated that patients with 
proximal tumors might benefit from combined EHBDR 
compared with those with distal tumors with a small sam-
ple size.6 Consequently, we also explored the significance 
of EHBDR in patients with GBC according to different 
tumor locations at the same time, which might provide 
clinical indication of EHBDR in the curative resection of 
patients with GBC.

Materials and Methods

Patient Selection and Identification

Patients who received curative-intent surgery between 
September 2010 and September 2020 were reviewed and 
analyzed. Patients who have lost the follow-up as well as 
those without adequate clinical date would be excluded. In 
line with the classification criteria of the study by Kurahara 
et al., we identified patients with characteristic anatomical 
features and divided them into two major subgroups, the 
proximal tumor group (neck, cystic duct) and the distal 
tumor group (body, fundus).6 This study was approved by 
institutional ethics review board of West China Hospital.

Surgical Procedures

All patients have received the standard radical chol-
ecystectomy. Basic surgical procedures included gall-
bladder resection, partial hepatectomy, and a regional 
or more extended lymph node dissection. The extent 
of liver resection and lymphadenectomy was mainly 
driven by surgeons depending on preoperative imag-
ing details, gross intraoperative findings as well as the 
information provided by intraoperative frozen biopsy. 
The extent of liver resection can be roughly divided 
into two categories: minor resection (wedge, SIVB + V) 
and major resection (right hemi-hepatectomy, extended 
right hemi-hepatectomy or tri-segmentectomy). Lymph 
node dissection included a regional (lymph nodes along 
with the cystic duct, hilum of the liver and hepatoduo-
denal ligament) or a more extended dissection. Lymph 
node status (N0, positive lymph node = 0; N1, positive 
lymph nodes ≤ 3; N2, positive lymph nodes > 3) was 
evaluated based on the latest 8th AJCC criteria. When 
there were no enlarged lymph nodes detected pre- or 
intra-operatively, the surrounding fibro-fatty tissue 
would be dissected and sent for pathological evalu-
ation. EHBDR was performed when an obvious bile 
duct or hepatoduodenal ligament invasion was detected 
or there is an intraoperative pathologically-confirmed 
positive cystic duct margin. When the tumor directly 
infiltrated adjacent organs or structures, combined 
multi-visceral resections would be performed in order 
to achieve a clear surgical margin. R0 resection indi-
cates a completely clear margin with no microresidual 
tumor. R1 resection indicates a relatively clear margin 
with no grossly tumor or the tumor is closely adja-
cent to the margin. R2 resection indicates macroscopic 
residual tumor.

Statistical Analysis

Article

IBM SPSS version 22.0 (IBM SPSS, Chicago, IL, 
USA) and Graph-Pad Prism 7 were used for statisti-
cal analysis. Categorical data are recorded as numbers 
(percentages). Categorical variables were evaluated via 
Chi-squared and Fisher’s exact tests. Overall survival 
(OS) was defined as the living period from the date of 
receiving radical surgery to the date of death or last 
follow-up. Disease-free survival (DFS) was defined as 
the living period from the date of receiving surgery to 
the date of recurrence or progression. Kaplan–Meier 
curves were used for evaluating survival differences. 
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Cox-proportional hazards model was used to create 
multivariate model for independent prognostic factors 
for survival, which were presented with Hazard ratio 
(HR) with its 95% confidence interval (CI). P values 
lower than 0.05 indicated the existence of statistical 
significance.

Meta‑Analysis

Comparative studies regarding different tumor locations 
were searched in PubMed, EMBASE, and the Cochrane 
Library. Searching key terms were restricted to gallblad-
der, tumor location, and cystic duct. Only published Eng-
lish comparative studies providing tumor location-related 
clinic-pathological features or survival outcome would be 
included. The inclusion and exclusion criteria were listed 
as follows: (1) published English literature; (2) compara-
tive studies regarding different tumor locations; (3) studies 
with adequate clinical-pathological data or survival data 
for further analysis; (4) abstracts, letters, reviews, and 
meeting conference would be excluded; and (5) studies 
with data duplication would be excluded. Quality scores 
for included studies were analyzed according to the New-
castle–Ottawa Scale (NOS) score.11 RevMan5.3 software 
was used for statistical analysis. The HR with its 95% CI 
was applied in the survival analysis, and Tierney’s method 
would be used for a rough estimate of HR when not directly 
provided.12 The odds ratio (OR) was applied in dichoto-
mous variables. A random-effects model would be used 
if the heterogeneity was > 50%; otherwise, a fixed-effects 
model would be used.

Results

Baseline Characteristics

A total of 259 patients with pathologically-confirmed 
GBC were identified, including 100 patients with proxi-
mal tumors (neck tumor: 71, cystic duct tumor: 29) and 
159 patients with distal tumor (body tumor: 51; fundus 
tumors: 108). All patients received a standard radi-
cal cholecystectomy. Based on the 8th AJCC criteria, 
the number of patients with T1a, T1b, T2, T3, and T4 
disease were 8, 23, 53, 105, and 70, respectively. Hepa-
tectomy and lymphadenectomy were performed in all 
cases. Thirty-two (12.8%) patients received major hepa-
tectomies. Sixty-two (23.9%) patients received bile duct 
resections. Thirty-six (13.9%) patients received com-
bined multi-visceral resections. Four patients (1.5%) died 
within 90 days after surgery. The median survival time 
of the entire cohort was 29 months, ranging from 4 to 
124 months. The 1-, 3-, and 5-year survival rates were 
80.8%, 32.9%, and 12.2%, respectively.

Comparisons of Clinic‑Pathological Features 
and Long‑Term Survival Between Patients 
with Proximal and Distal Tumors

As is presented in Table 1, patients with proximal tumors 
and those with distal tumors are comparable in terms of age 
(≥ 60 vs < 60 years) and sex (male vs female). However, 
patients with proximal tumors had a significantly higher 
incidence of preoperative CA199 ≥ 37 U/ml (P = 0.021). 
The incidences of preoperative obstructive jaundice 
(P < 0.0001) and bile duct resection (P < 0.0001) were 
significantly higher in patients with proximal tumors. 
Major vascular reconstructions (portal vein or hepatic 
artery) (P = 0.005) were also more frequently performed 
in proximal tumors. The resected tumor size was signifi-
cantly smaller in patients with proximal tumors that the 
incidence of resected tumor size lower than 3 cm was 
significantly higher in proximal group (P < 0.0001). The 
overall R0 rate was significantly lower in patients with 
proximal tumors (82.0% vs 95.6%, P < 0.0001). Regard-
ing postoperative pathological findings, the incidence of 
peri-neural invasion (44.0% vs 11.3%, P < 0.0001) as well 
as lymph-vascular invasion (21.0% vs 10.1%, P = 0.012) 
was significantly higher in patients with proximal tumors. 
Patients with proximal tumors were more frequently in an 
advanced stage that the proportion of patients with stage III 
to IV disease (76.0% vs 66.0%, P = 0.001) or T3 to T4 dis-
ease (76.0% vs 62.3%, P = 0.015) disease was significantly 
higher in proximal group. The overall recurrence rate as 
well as the recurrence rate within 6 months after surgery 
was also significantly higher in proximal group (P < 0.05). 
Comparable incidences of direct liver invasion (P = 0.522), 
lymph node metastasis (P = 0.234), pathological subtypes 
(P = 0.196), tumor differentiation status (P = 0.266), 
postoperative morbidities (P = 0.180), and mortalities 
(P = 0.501) were acquired between two groups. Moreo-
ver, the incidences of receiving postoperative adjuvant 
chemotherapy (P = 0.545) were also comparable between 
two groups. Regarding survival outcomes, as is presented 
in Fig. 1, patients with proximal tumors share a signifi-
cantly worse OS (median survival time: 19 vs 33 months, 
P < 0.0001) (Fig. 1A) or DFS (median recurrence-free 
time: 16 vs 30 months, P = 0.0002) (Fig. 1B) than those 
with distal tumors. We also performed subgroup analy-
ses to evaluate the major source which might be the lead-
ing cause of the great survival difference between proxi-
mal and distal tumors. Patients with neck tumor shared 
comparable OS (median survival time: 33 vs 25 months, 
P = 0.0839) (Fig. 1C) and DFS (median recurrence-free 
time: 30 vs 19 months, P = 0.1079) (Fig. 1D) than those 
with distal tumors. However, patients with cystic duct 
tumor shared significantly worse OS (median survival time: 
9 vs 33 months, P < 0.0001) (Fig. 1E) and DFS (median 
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recurrence-free time: 5 vs 30 months, P < 0.0001) (Fig. 1F) 
than those with distal tumors. Moreover, patients with 
cystic duct tumor shared significantly worse OS (median 
survival time: 9 vs 25  months, P < 0.0001) (Fig.  1G) 

and DFS (median recurrence-free time: 5 vs 19 months, 
P < 0.0001) (Fig. 1H) than those with neck tumor. Obvi-
ously, cystic duct tumor was the leading cause of the great 
survival difference between proximal and distal tumors.

Table 1  Clinic-pathological features of the entire cohort based on different tumor locations

PTCD, percutaneous trans-hepatic cholangial drainage; ENBD, endoscopic naso-biliary drainage; AJCC, American Joint Committee on Cancer

Variable Proximal (n = 100) Distal (n = 159) P value Cystic (n = 29) Non-cystic (n = 230) P value

Age P = 0.371 P = 0.418
   ≥ 60 57 (57.0%) 86 (54.1%) 15 (51.7%) 128 (55.7%)
   < 60 43 (43.0%) 73 (45.9%) 14 (48.3%) 102 (44.3%)
Sex P = 0.269 P = 0.151

  Male 34 (34.0%) 47 (29.6%) 12 (41.4%) 69 (30.0%)
  Female 66 (66.0%) 112 (70.4%) 17 (58.6%) 161 (70%)

Preoperative CA199 ≥ 37 U/ml 48 (48.5%) 55 (34.8%) P = 0.021 23 (79.3%) 80 (54.1%) P < 0.0001
Preoperative jaundice 27 (27.0%) 12 (7.5%) P < 0.0001 16 (55.2%) 23 (10.0%) P < 0.0001
Preoperative biliary drainage 

(PTCD or ENBD)
7 (7.0%) 0 (0.0%) P = 0.001 4 (13.8%) 3 (1.3%) P = 0.004

Bile duct resection 49 (49.0%) 13 (8.2%) P < 0.0001 20 (69.0%) 42 (18.3%) P < 0.0001
Major hepatectomy 14 (14.0%) 19 (11.9%) P = 0.371 8 (27.6%) 25 (10.9%) P = 0.018
Major vascular reconstruction 10 (10.0%) 3 (1.9%) P = 0.005 5 (17.2%) 8 (3.5%) P = 0.008
Multi-visceral resection 17 (17.0%) 19 (11.9%) P = 0.168 8 (27.6%) 28 (12.2%) P = 0.031
Resected tumor size > 3 cm 14 (14.0%) 73 (45.9%) P < 0.0001 7 (24.1%) 80 (34.8%) P = 0.176
Margin status P < 0.0001 P < 0.0001

  R0 82 (82.0%) 152 (95.6%) 19 (65.5%) 215 (93.5%)
  R1/R2 18 (18.0%) 7 (4.4%) 10 (34.5%) 15 (6.5%)

pT (8th AJCC) P = 0.015 P < 0.0001
  T1-T2 24 (24.0%) 60 (37.7%) 1 (3.4%) 83 (36.1%)
  T3-T4 76 (76.0%) 99 (62.3%) 28 (96.6%) 147 (63.9%)

pN (8th AJCC) P = 0.234 P = 0.087
  N- 55 (55.0%) 96 (60.4%) 13 (44.8%) 138 (60.0%)
  N + 45 (45.0%) 63 (39.6%) 16 (55.2%) 92 (40.0%)

Liver invasion 47 (47.0%) 74 (46.5%) P = 0.522 20 (69.0%) 101 (43.9%) P = 0.009
Peri-neural invasion 44 (44.0%) 18 (11.3%) P < 0.0001 17 (58.6%) 45 (19.6%) P < 0.0001
Lymph-vascular invasion 21 (21.0%) 16 (10.1%) P = 0.012 7 (24.1%) 30 (13.0%) P = 0.097
Pathology P = 0.196 P = 0.250

  Adenocarcinoma 90 (90.0%) 136 (85.5%) 27 (93.1%) 199 (86.5%)
  Others 10 (10.0%) 23 (14.5%) 2 (6.9%) 31 (13.5%)

Overall stage (8th AJCC) P = 0.001 P < 0.0001
  I 6 (6.0%) 22 (13.8%) 0 (0.0%) 28 (12.2%)
  II 18 (18.0%) 32 (20.1%) 1 (3.4%) 49 (21.3%)
  III 32 (32.0%) 72 (45.3%) 8 (27.6%) 96 (41.7%)
  IV 44 (44.0%) 33 (20.8%) 20 (69%) 57 (24.8%)

Differentiation status P = 0.266 P = 0.086
  Poor to moderate 85 (85.0%) 129 (81.1%) 27 (93.1%) 187 (81.3%)
  High 15 (15.0%) 30 (18.9%) 2 (6.9%) 43 (18.7%)

Postoperative chemotherapy 26 (26.0%) 42 (26.4%) P = 0.545 5 (17.2%) 63 (27.4%) P = 0.160
Morbidities 21 (21.0%) 25 (15.7%) P = 0.180 8 (27.6%) 38 (16.5%) P = 0.115
Mortalities within 90 days 2 (2.0%) 2 (1.3%) P = 0.501 0 (0.0%) 4 (1.7%) P = 0.620
Overall recurrence 74 (74.0%) 91 (57.2%) P = 0.003 27 (93.1%) 138 (60.0%) P < 0.0001
Recurrence within 6 months 25 (25.0%) 18 (11.3%) P = 0.003 17 (58.6) 26 (11.3%) P < 0.0001
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Fig. 1  Kaplan–Meier curves 
reflecting the survival differ-
ences based on tumor locations. 
A OS between proximal and 
distal tumors; B DFS between 
proximal and distal tumors; C 
OS between neck and distal 
tumors; D DFS neck and distal 
tumors; E OS between cystic 
duct and distal tumors; F DFS 
between cystic duct and distal 
tumors; G OS between neck 
and cystic duct tumors; H DFS 
between neck and cystic duct 
tumors
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Comparisons of Clinic‑Pathological Features 
and Long‑Term Survival Between Patients 
with Cystic Duct and Those with Non‑Cystic Duct 
Tumors

As is presented in Table 1, similar to previous findings 
between the proximal and distal tumors, patients with cystic 
duct tumor had a significantly higher incidence of preop-
erative CA199 ≥ 37 U/ml than those with non-cystic duct 
tumor (P < 0.0001). The incidence of preoperative jaundice 
(P < 0.0001) as well as combined EHBDR (P < 0.0001) was 
also significantly higher in patients with cystic duct tumor. 
Moreover, major vascular reconstruction (P = 0.008), major 
hepatectomies (P = 0.018), and combined multi-visceral 
resections (P = 0.031) were also more frequently performed 
in patients with cystic duct tumor. The overall R0 rate was 
significantly lower in cystic duct tumor than those with 
non-cystic duct tumor (65.5% vs 93.5%, P < 0.0001). The 
tumor size (> 3 cm vs ≤ 3 cm) was comparable between two 
groups (P = 0.176). The incidence of lymph node metas-
tasis (55.2% vs 40.0%, P = 0.087), liver invasion (69% vs 
43.9%, P = 0.009), peri-neural invasion (58.6% vs 19.6%, 
P < 0.0001), lymph-vascular invasion (24.1% vs 13%, 
P = 0.097), and poorly to moderate differentiation status 
(93.1% vs 81.3%, P = 0.086) was significantly higher in 
patients with cystic duct tumor (Table 1). The proportion 
of patients with offstage III to IV disease or T3 to T4 dis-
ease was significantly higher in patients with cystic duct 
tumor (P < 0.0001). The overall recurrence rate as well as 
the recurrence rate within 6 months after surgery was also 
significantly higher in cystic duct tumor group (P < 0.05). 
However, the incidences of postoperative morbidities, mor-
talities, and postoperative adjuvant chemotherapy were com-
parable between two groups. Regarding survival outcomes, 
as is presented in Fig. 2, patients with cystic duct tumor 
share a significantly worse OS (median survival time: 9 vs 
32 months, P < 0.0001) (Fig. 2A) or DFS (median recur-
rence-free time: 5 vs 28 months, P = 0.0002) (Fig. 2B) than 
those with non-cystic duct tumor.

Univariate and Multivariate Analysis on Prognostic 
Factors for OS of the Entire Cohort

As is recorded in Table 2, univariate analyses indicated that 
preoperative CA199 (≥ 37 U/ml vs < 37 U/ml, P < 0.0001), 
surgical margin (positive vs negative) (P < 0.0001), tumor 
location (proximal vs distal)(P < 0.0001), tumor location 
(cystic duct vs non-cystic duct) (P < 0.0001), lymph node 
metastasis (P < 0.0001), peri-neural invasion (P < 0.0001), 
lymph-vascular invasion (P = 0.001), liver invasion 
(P < 0.0001), tumor differentiation status (poor to moderate 
vs high) (P < 0.0001), T stage (T1-2 vs T3-4, P < 0.0001), 
pathological subtype (adenocarcinoma vs others, P < 0.0001), 
and postoperative adjuvant chemotherapy (P = 0.001) were 
all prognostic factors for OS of the entire cohort. Multivariate 
analyses indicated that surgical margin (positive vs negative) 
(P = 0.038), tumor location (cystic duct vs non-cystic duct) 
(P = 0.010), lymph node metastasis (P = 0.002), T stage (T1-2 
vs T3-4, P < 0.0001) (P < 0.0001), and postoperative chemo-
therapy (P < 0.0001) were independent prognostic factors for 
OS of the entire cohort.

Further evaluation on the impact of EHBDR 
according to tumor locations

As summarized in Table 3, patients in the bile duct-resected 
group are generally in a more advanced tumor stage and 
received more extended radical cholecystectomies versus 
those in the non-resected group regardless of tumor loca-
tions. As presented in Fig. 3, EHBDR fails to improve the 
overall prognosis of patients with GBC that a comparable 
or even worse postsurgical survival was acquired in patients 
who received RHBDR.

Additional Meta‑Analysis Based on Different Tumor 
Locations

A systematic literature researching was performed in Pub-
Med, EMBASE, and the Cochrane library, and according 

Fig. 2  Survival analyses 
between patients with cystic 
duct tumor and those with 
non-cystic duct tumor. A OS 
between cystic duct tumor and 
non-cystic duct tumor; B DFS 
cystic duct tumor and non-cystic 
duct tumor
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Table 2  Survival analysis, univariate, and multivariate analysis of the entire cohort

HR, hazard ratio; CI, confidence interval

Variables N Survival rate P value, univariate HR (95%CI), multivariate P value, multivariate

3-year survival rate 5-year 
survival 
rate

Sex P = 0.685 —— ——
  Male 79 30.4% 5.1%
  Female 176 34.1% 15.3%

Age (years) P = 0.384 —— ——
   ≥ 60 141 30.5% 12.1%

   < 60 114 36.0% 12.3%
CA199 (U/ml) P < 0.0001 1.110 (0.775–1.588) P = 0.570

   ≥ 37 U/ml 101 14.9% 5.9%
   < 37 U/ml 152 44.7% 16.4%
Surgical margins P < 0.0001 1.762 (1.032–3.008) P = 0.038

  R0 230 36.5% 13.5%
  R1/R2 25 0.0% 0.0%

Tumor location P < 0.0001 0.746 (0.507–1.098) P = 0.137
  Proximal 98 23.5% 6.1%
  Distal 157 38.9% 15.9%

Cystic duct tumor P < 0.0001 1.998 (1.183–3.377) P = 0.010
  Yes 29 6.9% 3.4%
  No 226 36.3% 13.3%

Lymph node status P < 0.0001 1.735 (1.219–2.469) P = 0.002
  N- 150 49.3% 19.3%
  N + 105 9.5% 1.9%

Peri-neural invasion P < 0.0001 0.918 (0.619–1.361) P = 0.670
  Yes 62 16.1% 1.6%
  No 193 38.3% 15.5%

Lymph-vascular invasion P = 0.001 1.440 (0.944–2.197) P = 0.091
  Yes 37 13.5% 2.7%
  No 218 36.2% 13.8%

Liver invasion P < 0.0001 1.025 (0.687–1.530) P = 0.902
  Yes 118 13.6% 4.2%
  No 137 49.60% 19.0%

Tumor differentiation status P < 0.0001 0.753 (0.449–1.262) P = 0.282
  Low to moderate 210 28.1% 10.0%
  High 45 55.6% 71.8%

T stage P < 0.0001 5.494 (3.014–10.013) P < 0.0001
  T1-2 84 70.2% 31.0%
  T3-4 171 14.6% 2.9%

Pathological type P = 0.005 0.761 (0.460–1.256) P = 0.285
  Adenocarcinoma 223 34.5% 12.6%
  Others 32 21.9% 9.4%

Morbidities P = 0.225 —— ——
  Yes 42 26.2% 4.8%
  No 213 34.0% 13.6%

Postoperative chemotherapy P = 0.001 0.477 (0.321–0.709) P < 0.0001
  Yes 68 48.5% 8.8%
  No 187 27.3% 13.4%
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to the inclusion and exclusion criteria, only four relevant 
 studies6–8,13 were included. With our own cohort incorpo-
rated, a total of 204 patients with proximal tumors and 5167 
patients with distal tumors were finally identified (Table S1). 
As is summarized in Table S2 and Fig. S1, patients with 
proximal tumors share a significantly higher incidence of 
preoperative jaundice (P < 0.00001), a significantly higher 

preoperative CA199 level (P = 0.008), and a significantly 
higher incidence combined EHBDR (P < 0.00001). More-
over, lymph node metastasis (44.0% vs 36.7%, P = 0.08) 
and peri-neural invasion (50.0% vs 21.1%, P < 0.00001) 
were more frequently detected in patients with proximal 
tumors. Patients with proximal tumors were generally in a 
more advanced tumor stage than those with distal tumors 

Fig. 3  Kaplan–Meier curves 
reflecting survival differences 
between those who received 
bile duct resection versus those 
without it. A OS in patients with 
proximal disease; B DFS in 
patients with proximal disease; 
C OS in patients with distal 
disease; D DFS in patients with 
distal disease; E OS in patients 
with cystic disease; F DFS in 
patients with cystic disease; G 
OS in patients with non-cystic 
disease; H DFS in patients with 
non-cystic disease
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(P = 0.006). The incidence of lymph-vascular invasion 
was comparable between two groups (P = 0.5). Patients 
with proximal tumors shared a significantly worse OS 
(P = 0.0002) or DFS (P = 0.0005) than those with distal 
tumors.

Discussion

The role of anatomical tumor locations in patients with 
GBC has always been a debating issue. Numerous studies 
have explored the consistencies and inconsistencies regard-
ing biological features and long-term survival between 
abdominalT2 GBC and hepatic side T2 GBC. Their find-
ings consistently indicated that T2 tumor located in the liver 
side shared more aggressive tumor biological features and 
worse prognosis than those with T2 tumor located in the 
abdominal side.14–17 Additionally, the latest 8th AJCC stag-
ing criteria creatively classified T2 GBC into two completely 
different subtypes, T2a (peritoneal side) and T2b (hepatic 
side).18,19 Apart from the exploration of tumor location in 
patients with T2 disease, others have also explored the bio-
logical features and long-term survival of tumors located 
in different anatomical sites within the whole gallbladder. 
These studies consistently indicated that tumors located in 
the neck or the cystic duct generally shared more aggres-
sive tumor biological features and worse prognosis and often 
required a more extended range of resection.6–8,13 When the 
tumor of GBC was located in the neck or the cystic duct 
of the gallbladder, owing to its anatomical features that the 
tumor mass was extremely adjacent to extra-hepatic bile 
duct, a direct bile duct invasion or biliary metastasis would 
be more frequently detected, which would finally lead to a 
more advanced tumor stage and worse prognosis.20–22 This 
phenomenon was even more obvious when focused on cystic 
duct tumor.8

Nakata T et  al. firstly analyzed the impact of tumor 
located in the cystic duct.13 In their study, thirteen patients 
with cystic duct tumor were compared with twenty-nine 
patients with non-cystic duct tumor, and significantly higher 
frequencies of lymph node metastasis and peri-neural inva-
sion in patients with cystic duct tumor were detected.13 Simi-
lar results were also reported by Kurahara H et al. that rela-
tively higher incidence of lymph node metastasis (15% vs 
10%, P = 0.335) and peri-neural invasion (22% vs 10%, 
P = 0.012) was detected in patients with neck or cystic 
duct tumor.6 More powerful evidence from a multi-center 
study has also been reported that neck tumor was generally 
smaller than body/fundus tumor but shared more aggres-
sive tumor biological features and worse prognosis.7 Addi-
tionally, Sakata J et al. analyzed 41 patients with primary 
cystic duct cancer and revealed that primary GBC patients 
with cystic duct tumor spread were characterized by locally 

advanced tumor stage and aggressive histopathological fea-
tures at surgery, requiring a more extended range of resec-
tion.23 Moreover, based on the population-based data, Yu 
TN et al. found that it is the T staging criteria of peri-hilar 
cholangiocarcinoma, rather than the staging criteria of GBC, 
better predicated the overall prognosis of GBC with cystic 
duct spread.8 These observations consistently suggested that 
more adjacent tumor spread to the extra-hepatic bile duct, 
more invasive tumor biological features, and worse progno-
sis would be observed. In consistent with previous series, 
our study also proved that proximal tumors were associated 
with more aggressive tumor biological features and worse 
prognosis than those with distal tumors with a much larger 
sample size and a much higher level of evidence. Tumors 
located in the neck or cystic duct were generally smaller 
(P < 0.0001) but have often infiltrated more organs and 
structures and therefore required a wider range of resec-
tions, specially combined major vascular reconstructions 
(P = 0.005). Moreover, the incidences of node metastasis 
(P = 0.012) and peri-neural invasion (P < 0.0001) were sig-
nificantly higher in patients with proximal tumors, which 
furtherly validated previous findings.6,13 Finally, with our 
own cohort incorporated, a meta-analysis was performed, 
which greatly validated our findings. The most important 
is that we also comparatively analyzed the similarities and 
differences between cystic duct tumor and non-cystic duct 
tumor. Our final results revealed that cystic duct tumor was 
associated with a higher incidence of combined multi-vis-
ceral resections (P = 0.031), a significantly lower R0 rate 
(P < 0.0001), and more aggressive tumor biological features 
(liver invasion, lymph node metastasis, neural invasion, and 
lymph-vascular invasion). Tumor located in the cystic duct 
can be regarded as an independent prognostic factor for OS 
among patients with resected GBC, which was in line with 
findings reported by Sakata J et al.23 and Yu TN et al.,8 sug-
gesting the unique features of cystic duct tumor versus other 
non-cystic duct tumor. Therefore, some researchers even 
hold the view that cystic duct GBC should be classified as 
a subtype of extra-hepatic cholangiocarcinoma rather than 
GBC.8 However, for patients with cystic duct tumor in our 
cohort, the median survival time was only 9 months, and 
the median recurrence-free time was only 5 months, which 
seemed to be much worse than the postoperative survival 
information reported by others. We subjectively accounted 
this for the following reasons. Firstly, the sample size of 
cystic duct tumor was limited and was less sufficient to 
draw a powerful conclusion. Moreover, the proportion of 
patients with moderate to poor differentiation disease was 
significantly higher in patients with cystic duct tumor in our 
cohort (27/29, 93.1%), while only 65.5% (19/29) patients 
with cystic duct tumor have achieved negative margins. 
Almost all patients with cystic duct tumor were in advanced 
stages (III–IV) (28/29, 96.6%). Consequently, whether cystic 
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duct cancer should be deemed as GBC or another subtype 
of extra-hepatic cholangiocarcinoma remains to be explored, 
and more powerful well-designed studies are required for 
further exploration.

Owing to the anatomical features of cystic duct tumor 
or neck tumor that the tumor mass is adjacent to the extra-
hepatic bile duct, the direct extra-hepatic bile duct invasion 
was more frequently detected, which would furtherly lead to 
more advanced tumor stage and worse prognosis.20–22 Com-
bined EHBDR has been routinely performed in cases with 
an obvious bile duct invasion. Our previous meta-analysis 
has evaluated the significance of EHBDR in patients with 
GBC, and subgroup analyses have been performed accord-
ing to different tumor stages and pathological status.9 How-
ever, to our knowledge, little evidence has been provided 
on the indication of EHBDR according to different tumor 
locations.6 Therefore, we also evaluated the significance 
of EHBDR in patients with GBC based on different tumor 
locations (proximal, distal, cystic duct, and non-cystic duct). 
Unfortunately, consistent with our previous findings,9 com-
bined EHBDR has no significant survival advantage, and 
patients who received bile duct resections were generally 
in a more advanced tumor stage. Moreover, EHBDR was 
even harmful in cases with distal tumors. However, the DFS 
for patients who received combined EHBDR was compa-
rable versus those who did not receive EHBDR among 
patients with proximal tumors (median recurrence-free 
time: 13 months vs 18.5 months, P = 0.1411) or cystic duct 
tumor (median recurrence-free time: 5 months vs 5 months, 
P = 0.1317), which partially reflected the potential contribu-
tion in tumor clearance of EHBDR.

Although our study provided an in-depth analysis on the 
significance of tumor locations and supplied the indica-
tion of EHBDR according to different tumor locations, our 
study should still be interpreted with various limitations. 
For example, current study was based on a 10-year cohort, 
and the evolvement in the peri-operative management would 
influence the long-term survival to some extent. Moreover, 
the survival impact due to different pathological subtypes 
and chemotherapy regimens, as well as inconsistent over-
all preoperative health status, might also introduce bias to 
some extent. However, the insufficient original data hindered 
us from further exploration. Additionally, in the section of 
meta-analysis, a rough estimate of HR via Tierney’s method 
might also introduce bias.

Conclusion

Anatomical tumor locations of GBC had a significant impact 
on clinical manifestations and prognosis. Proximal tumors 
generally shared more aggressive tumor biological features 
and shared worse prognosis than those with distal tumors. 

Cystic duct tumor could be regarded as an independent 
prognostic factor for OS among patients with resected GBC. 
EHBDR had no survival advantage for patients with GBC 
and was even harmful in those with distal tumors. Upcoming 
more powerful and well-designed studies are warranted for 
further validation.
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