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Background/Aims: Extended hepatectomy combined with caudate lobe resection has been 
approved for the radical resection of hilar cholangiocarcinoma. There was a lack of credible 
research on the clinical value of caudate lobectomy (CL) for intrahepatic cholangiocarcinoma in-
volving the hepatic hilus when combined with hepatectomy. We aimed to compare the short-term 
and long-term outcomes of the combined procedure with those of only CL for curative resection 
of intrahepatic cholangiocarcinoma involving the hepatic hilus.
Methods: This single-center retrospective cohort study of patients with hilar cholangiocarcinoma 
was conducted from January 2007 to December 2021. Patients who underwent radical resection 
were enrolled in this study. The short-term and long-term clinical outcomes of the groups were 
compared before and after propensity score matching (PSM).
Results: A total of 282 patients were included. There were no statistically significant differences 
in perioperative clinical outcomes between the CL group and the non-CL group before and after 
PSM. Compared to patients in the non-CL group, patients in the CL group had significantly lon-
ger overall survival before and after PSM (p=0.007 before PSM, p=0.033 after PSM). Moreover, 
compared to the non-CL group, the CL group had longer disease-free survival before and after 
PSM (p<0.001 before PSM, p=0.019 after PSM).
Conclusions: The postoperative complications of the CL group were comparable to those of 
the non-CL group. CL improved the long-term survival of patients with intrahepatic cholangiocar-
cinoma involving the hepatic hilus when combined with hepatectomy. Therefore, hepatectomy 
combined with caudate lobe resection should be performed for patients with hilar cholangiocarci-
noma. (Gut Liver, 2025;19:438-453)

Key Words: Intrahepatic cholangiocarcinoma; Hepatectomy; Postoperative complications; Pro-
pensity score

INTRODUCTION

Cholangiocarcinoma is a diverse group of rare malig-
nancies that can arise from any part of the biliary epithe-
lium,1 and is anatomically classified as intrahepatic chol-
angiocarcinoma (ICC), perihilar cholangiocarcinoma, and 
distal cholangiocarcinoma.2 As the second most common 
primary liver cancer following hepatocellular carcinoma, 
the global incidence of ICC is gradually increasing.3,4 The 
clinical outcome of cholangiocarcinoma patients with ICC 

is unfavorable, with 5-year survival ranging from 15% to 
45%, depending on tumor stage.5,6 ICC is frequently di-
agnosed as an advanced disease with bulky locoregional 
involvement and/or distant metastases and a complete sur-
gical resection is only feasible in 30% to 40% of patients.7 
ICC has been categorized as arising from small intrahe-
patic bile ducts or major intrahepatic bile ducts, including 
the hilum.8,9 Originating from an intrahepatic lesion, some 
ICC grows down towards the hilum and may eventually 
involve the hilum, which can be defined as ICC involv-

© Gut and Liver.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Gut and Liver
https://doi.org/10.5009/gnl240158
pISSN 1976-2283  eISSN 2005-1212

Short-term and Long-term Clinical Outcomes of Combined 
Caudate Lobectomy for Intrahepatic Cholangiocarcinoma 
Involving the Hepatic Hilus: A Propensity Score Analysis
Di Zeng1,2, Yaoqun Wang1,2, Ningyuan Wen1,2, Bei Li1,2, Nansheng Cheng1,2, Jiong Lu1,2

1Division of Biliary Tract Surgery, Department of General Surgery, West China Hospital, Sichuan University, Chengdu, China; 
2Research Center for Biliary Diseases, West China Hospital, Sichuan University, Chengdu, China

Original Article

https://crossmark.crossref.org/dialog/?doi=10.5009/gnl240158&domain=pdf&date_stamp=2025-05-15


Zeng D, et al: Combined Caudate Resection Is Recommended for Patients with hICC

https://doi.org/10.5009/gnl240158  439

ing the hepatic hilum (hICC).8,10 More specifically, hilar 
cholangiocarcinoma (HC) originates from the epithelium 
of the common hepatic, right, or left hepatic duct, whereas 
ICC involving the hepatic hilus originates in the intrahe-
patic bile duct or bile ductules.11 Discrimination between 
HC and ICC involving the hepatic hilus is primarily based 
on the location of the main tumor, as illustrated in Fig. 1. 
HC is characterized by a tumor originating in the upper 
common, right, or left hepatic duct.

Surgical resection remains the cornerstone of treat-
ment for patients with cholangiocarcinoma featuring hilar 
involvement. Given the propensity of hilar tumors to in-
filtrate biliary branches or directly invade the parenchyma 
of the caudate lobe, several studies have demonstrated a 
survival advantage associated with aggressive surgical ap-
proaches incorporating complete caudate lobe excision. 
This practice is now widely acknowledged as the standard 
surgical approach in the management of HC.12,13 Neverthe-
less, the necessity of concomitant caudate lobectomy (CL), 
in hICC remains uncertain due to distinct clinicopatholog-
ical characteristics, more aggressive biological behaviors, 
diverse prognostic factors, and poorer prognosis compared 
to HC.

For hICC patients, extended hepatectomy, combined 
with caudate lobe resection, maximizes the likelihood of 
achieving negative margins.14 However, due to the proxim-
ity of the caudate lobe to the inferior vena cava and the 
portal vein confluence, it presents a challenge to expose. 
Performing a total CL poses challenges, including the 
need for meticulous exposure and the risk of substantial 
intraoperative bleeding during the resection of the caudate 
lobe.15 Therefore, the clinical value of combined resection 
of caudate lobe in hICC remains controversial and few 
studies have been published by surgical experts worldwide 
on this clinical topic. The present study hypothesized that 

hICC patients with combined CL would be associated with 
improved disease-free survival (DFS) and overall survival 
(OS). Simultaneously, the cumulative postoperative com-
plications of CL group would be comparable with that of 
non-CL group. To test these hypotheses, we performed this 
single-center retrospective PSM-based study. Propensity 
score matching (PSM) analysis was utilized to reduce the 
bias due to lack of randomization,16 and so far, no study 
has conducted PSM analysis on this topic.

MATERIALS AND METHODS

1. Setting
We retrospectively collected patients with hICC who 

underwent curative-intent resection at West China Hos-
pital (Sichuan University, Chengdu, China) from January 
2007 to December 2021. This study was approved by the 
Ethics Committee of the West China Hospital of Sichuan 
University (approval number: 2022-1774). The require-
ment for informed consent was waived by the Ethics Com-
mittee considering the retrospective design of the study. 
The primary criterion used to differentiate between hICC 
and HC was the location of the main tumor, as illustrated 
in Fig. 1. hICC was defined as cholangiocarcinoma pre-
dominantly located in the liver parenchyma with involve-
ment of the adjacent hilar duct, while HC was defined 
as cholangiocarcinoma which arose from the main lobar 
hilar bile ducts. The types of cholangiocarcinoma, whether 
the tumor was hICC or HC, were prudently confirmed by 
both pathologic and radiologic reviews. When the original 
tumor location was difficult to identify, we would turn to 
pathologist and radiologists to reach a consensus.

The preoperative diagnosis of hICC is based on the 
European Society for Medical Oncology clinical practice 
guideline for biliary tract cancer in 202317 and patients 
were staged according to the TNM classification for IHC 
(8th edition).18 Absolute contraindications for curative-
intent hepatectomy include American Society of Anesthe-
siologists III, ascites, unresectable vascular tumor infiltra-
tion, extrahepatic metastases and future remnant liver 
<40%.19 The decision to combine caudate lobe resection for 
hICC is on the basis of two main factors: the invasion of 
malignancy and the intraoperative decision of the surgeon 
in charge. 

2. Inclusion and exclusion criteria
Patients who met the following criteria were included: 

(1) male or female patients >18 years of age; (2) patient 
without contraindication for hepatectomy; (3) patients 
who underwent curative-intent resection at West China 
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Fig. 1.Fig. 1. Differentiation between hilar cholangiocarcinoma and hICC: 
tumors in the black pasted area were categorized as hilar cholan-
giocarcinoma, while those in the dotted area were classified as hICC. 
hICC, intrahepatic cholangiocarcinoma involving the hepatic hilum.
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Hospital, Sichuan University; (4) hICC confirmed by 
pathological examination and imaging studies; and (5) 
since ICC manifests in three primary macroscopic growth 
patterns–mass-forming, periductal-infiltrating, and intra-
ductal–it is essential to clarify that our study exclusively 
enrolled patients with the mass-forming subtype. Other 
subtypes of ICC were not considered in this investigation.

Patients meeting the following criteria were excluded: 
(1) patients with no intrahepatic tumor component and 
diagnosed as HC; (2) patients who underwent palliative re-
section (R2) or hilar bile duct resection; (3) history of any 
other primary malignancy except ICC; (4) severe dysfunc-
tion of heart, kidney or other vital organs; and (5) other 
subtypes of ICC that are not mass-forming subtype.

3. Basic characteristics assessment of patients
The preoperative assessment includes the basic infor-

mation of the patient, clinical laboratory indicators, medi-
cal imaging indicators, and preoperative treatment. The 
basic information of the patient includes gender, age, and 
any other comorbidities (e.g., cardiovascular or respiratory 
diseases). Preoperative clinical laboratory indicators in-
clude serum carbohydrate antigen 19-9, total bilirubin, di-
rect bilirubin, serum albumin, aspartate aminotransferase, 
and alanine aminotransferase, etc. The indicators of medi-
cal imaging examination (contrast-enhanced ultrasound, 
computed tomography, magnetic resonance imaging, etc.) 
include: the size, number, adjacent invasion of the malig-
nancy and the Bismuth type of HC. In addition, informa-
tion on preoperative treatment including preoperative bili-
ary drainage and portal vein embolization were collected. 
When the imaging examination was inconsistent with the 
pathological examination, the diagnosis was based on the 
pathological examination.

4. Surgical technique
To date, available evidence supports the recommenda-

tion that hepatic resection with negative margins should 
be the goal of surgical therapy in potentially resectable 
ICC.20,21 The caudate lobe resection encompasses the 
Spigelian lobe, the portion adjacent to the vena cava, and 
the caudate process. The specific extent of liver resection 
is further determined according to the Bismuth type. R0 
resection should be accompanied by standardized regional 
lymph node (LN) dissection, including the N1 and N2 sta-
tions (N1: LN within the porta hepatis [12h], LN adjacent 
to the bile duct [12b], LN adjacent to the cystic duct [12e], 
LN behind the portal vein [12p], and LN adjacent to the 
proper hepatic artery [12a]; N2: LN behind the head of the 
pancreas [13a] and LN along the common hepatic artery 
[8a, 8p]).22 Vascular invasion is associated with unfavor-

able prognosis, but not an absolute contraindication for 
surgery.23 The decision to perform combined vascular 
resection was made by the attending physician team after 
assessing the patient's condition.

5. Postoperative pathological examination
The pathological evidence of cancer was determined by 

paraffin sections. All cases of ICC included in this study 
underwent histopathological confirmation by experienced 
pathologists. TNM stage, tumor differentiation, tumor 
diameter, full-thickness bile duct wall invasion, LN metas-
tasis, liver parenchymal invasion, liver capsule invasion, 
and nerve invasion were all examined pathologically. An 
R0 resection was defined as the absence of macroscopic 
or microscopic disease at the surgical margin, while an R1 
resection was classified as microscopic presence of tumor.24 
Tumors were staged according to the American Joint Com-
mittee on Cancer classification (8th edition).

6. Short-term outcomes
Surgery-related short-term clinical outcomes included: 

total blood loss recorded in surgical records, information 
about blood transfusions and operation time. Liver func-
tion and blood routine examinations were performed on 
the 1st, 3rd, 5th, and 7th days after the operation to check 
if postoperative liver failure, jaundice, postoperative hem-
orrhage, or infection occurred. For patients with postoper-
ative infection symptoms, ultrasonography and abdominal 
computed tomography were used to further investigate the 
cause of infection (e.g., pulmonary infection, abdominal 
infection, or biliary-enteric anastomotic fistula). Daily 
physical examination was performed to check for biliary 
leakage, ascites, pleural effusion, gastrointestinal obstruc-
tion, and incision infection. In addition, we also recorded 
the occurrence of rare complications in patients, including 
pulmonary insufficiency, acute renal insufficiency, and 
acute left heart failure. The incidence of secondary surgical 
procedures during hospitalization as well as the length of 
hospital stay were collected.

In this study, the standard of postoperative liver failure 
conforms to “50-50 criteria.”25 The occurrence of postop-
erative ascites was defined according to the daily abdomi-
nal drainage volume (>500 mL per day over a period of 3 
days) after operation. Post-hepatectomy hemorrhage was 
defined as a sheer decrease in postoperative hemoglobin 
level, which exceeded the limit of 30 g/L.26 If the bilirubin 
level of the peritoneal drainage fluid exceeded 3 times that 
of the serum in 3 days consecutively after the operation, 
bile leakage was considered to have occurred.
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7. Follow-up program and long-term outcomes
Within 1 year after discharge, the patients were followed 

up every 3 months in the first year, and every 6 months 
afterwards. The follow-up mainly included blood routine, 
liver and kidney function, serum tumor markers, and 
medical imaging examination (whole abdominal enhanced 
computed tomography, magnetic resonance imaging, etc.). 
The main clinical outcomes of this study were OS and 
DFS. OS was defined as the time from the end of surgery 
to death. DFS was defined as the time from the end of sur-
gery to recurrence.

8. Statistical analysis
Patient data were retrospectively collected, and statisti-

cal analyses were performed using SPSS version 25.0 (IBM 
Corp., Armonk, NY, USA). We found baseline character-
istics mismatching between the two groups after patient 
grouping, and to reduce the bias resulting from non-
randomized grouping, we employed PSM analysis. The 
variables selected for the propensity score model is shown 
in Table 1. We have meticulously chosen variables for PSM, 
including age, gender, Bismuth staging, TNM staging, car-
bohydrate antigen 19-9, tumor diameter, bilirubin levels, 
liver invasion, comorbidities, and surgical factors. This 
comprehensive selection aims to account for all relevant 
confounders, enhancing the study's internal validity. These 
variables are linked to postoperative prognosis in chol-
angiocarcinoma; for example, carbohydrate antigen 19-9 
levels have been associated with poorer outcomes.27 By 
including these variables, we mitigated potential bias and 
ensured a robust analysis of the surgical approach's impact 
on patient outcomes. After analysis, we chose a caliper 
value of 0.2 to balance accuracy and feasibility, avoiding 
an increased number of unmatched subjects with stricter 
criteria like 0.1, while also preventing the introduction of 
more heterogeneity with looser criteria. If the quantitative 
variables had a normal distribution, they are reported as 
mean (standard deviation), otherwise they are expressed 
as median and range. Absolute values and percentages 
are used to display qualitative characteristics. Normally 
distributed continuous data were compared by means 
of the Student t-test, and the Mann-Whitney U-test was 
used to compare skewed-distributed data. The chi-square 
test or Fisher exact test was used to compare ordinal data. 
Survival was described using the Kaplan-Meier method 
and differences between subgroups were reviewed with 
the log-rank test. The multivariate analysis for prognostic 
factors used a Cox proportional hazards model to analyze 
variables with p<0.05 in the univariate analyses. Two-sided 
p-values <0.05 were defined to be statistically significant. 
Meanwhile, we conducted subgroup analysis according to 
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gender, age, TMN staging, Bismuth staging, tumor grade, 
tumor size, marginal status, whether to perform preopera-
tive bile duct drainage and the extent of tumor invasion. 
The data of each subgroup are summarized in the forest 
plot.

RESULTS

1. Baseline characteristics
A total of 282 patients diagnosed with ICC involving 

the hepatic hilus, and who underwent curative treatment at 
our hospital, were evaluated retrospectively from January 
2007 to December 2021. According to the surgical tech-
nique adopted, patients were divided into two subgroups 
(106 in the CL subgroup and 176 in the non-CL sub-
group). Baseline characteristics in term of Bismuth staging, 
aspartate aminotransferase level, liver capsule invasion 
and R0 resection rate showed significant difference before 
matching (Table 1). After 1:1 matching, 79 patients in the 
CL subgroup were meticulously matched with 79 patients 
in the non-CL subgroup. All baseline characteristics were 
balanced between patient groups after matching. Table 
1 shows the detailed baseline characteristics of pre-PSM 
group and post-PSM group.

2. Short-term clinical outcomes in CL and non-CL 
groups
Table 2 shows the short-term clinical outcomes (sur-

gery-related outcomes and postoperative complications) of 
patients in CL group and non-CL group before and after 
PSM matching. As for the incidence of postoperative com-
plications which includes postoperative infection, postop-
erative organ insufficiency and postoperative bile leakage, 
no difference existed between the two groups, either before 
or after PSM. Clavien-Dindo grade, length of hospital 
stays, and intensive care unit treatment time were compa-
rable between the two groups. Regarding surgery-related 
outcomes, none showed a statistically significant differ-
ence between the two groups, except for operation time. 
Although the combined CL group had a longer operation 
time than the non-combined group before PSM (420.00 
minutes [range, 346.25 to 508.75] vs 377.50 minutes [range, 
298.75 to 460.00], p<0.001), the significant difference in 
operation time between the two groups was eliminated 
after PSM (420.00 minutes [range, 345.00 to 510.00] vs 
401.00 minutes [range, 300.00 to 470.00], p=0.063).

3. Long-term clinical outcomes in CL and non-CL 
groups before and after PSM
Before PSM, the median follow-up time was 36.6 

months. Two hundred and twenty-nine patients (81.2%) 
experienced postoperative tumor recurrence, 208 patients 
(73.8%) died during the follow-up period, and only 45 
patients (16.0%) survived for more than 5 years. Patients 
who received CL had significantly longer OS and DFS 
compared to those in the non-CL group. The median 
OS and median DFS for patients receiving CL were 35.7 
months (95% confidence interval [CI], 31.33 to 40.20) and 
20.0 months (95% CI, 17.19 to 23.02), respectively, while, 
these two metrics were only 19.7 months (95% CI, 14.68 
to 23.67) and 12.4 months (95% CI, 9.44 to 16.13), respec-
tively, in patients who did not receive CL (p=0.007 in OS 
and p=0.001 in PFS) (Fig. 2).

After PSM, the median follow-up time was 36.1 months. 
One hundred and forty-four patients (80.9%) experienced 
postoperative tumor recurrence, 126 patients (72.5%) died 
during the follow-up period, and only 28 patients (15.7%) 
survived for more than 5 years. Patients who underwent 
caudate lobe resection had significantly longer OS and 
DFS compared to those who did not get their caudate lobe 
resected. The median OS and median DFS for patients re-
ceiving CL were 34.5 months (95% CI, 29.24 to 30.06) and 
19.4 months (95% CI, 15.46 to 22.65), respectively, while, 
these two metrics were only 18.5 months (95% CI, 13.50 
to 23.60) and 13.0 months (95% CI, 9.46 to 16.65), respec-
tively, in patients who did not receive CL (p=0.033 in OS 
and p=0.019 in DPF) (Fig. 3).

In addition to the 1-year and 5-year recurrence rates, we 
conducted a comparative analysis of postoperative recur-
rence rates between the CL and non-CL groups after PSM. 
For the 1-year recurrence rate, we observed that 46.1% of 
patients in the CL group experienced postoperative recur-
rence, compared to 69.6% of patients in the non-CL group. 
The non-CL group exhibited a higher odds ratio (OR) of 
2.688 (95% CI, 1.454 to 4.971; p=0.002). Similarly, for the 
5-year recurrence rate, we found that 66.3% of patients in 
the CL group experienced postoperative recurrence, com-
pared to 83.1% of patients in the non-CL group. In terms 
of 5-year recurrence rates, the non-CL group had a higher 
OR of 2.508 (95% CI, 1.236 to 5.092; p=0.011).

4. Sensitivity analysis of CL effects on OS and DFS in 
R0 subgroup
We conducted an additional comparative sensitivity 

analysis, specifically focusing on the R0 subgroup. The re-
sults revealed that within the R0 group, both OS and DFS 
are significantly better in the CL group (OS, 34.39; 95% 
CI, 28.95 to 39.83 and DFS, 22.41; 95% CI, 16.81 to 28.02; 
p=0.045) compared to the non-CL group (OS, 20.24; 95% 
CI, 15.23 to 25.26 and DFS, 15.13; 95% CI, 11.22 to 19.04; 
p=0.029). This analysis enriches our evaluation by specifi-



Gut and Liver, Vol. 19, No. 3, May 2025

444  www.gutnliver.org

Ta
bl

e 
2.

Ta
bl

e 
2.

 S
ho

rt
-t

er
m

 C
lin

ic
al

 O
ut

co
m

es
 o

f P
at

ie
nt

s 
w

ith
 In

tr
ah

ep
at

ic
 C

ho
la

ng
io

ca
rc

in
om

a 
In

vo
lv

in
g 

th
e 

H
ep

at
ic

 H
ilu

m
 b

ef
or

e 
an

d 
af

te
r P

ro
pe

ns
ity

 S
co

re

Va
ria

bl
e

Be
fo

re
 m

at
ch

in
g 

(n
=2

82
)

Af
te

r m
at

ch
in

g 
(n

=1
78

)

N
on

-c
au

da
te

 lo
be

ct
om

y
(n

=1
06

)
Ca

ud
at

e 
lo

be
ct

om
y

(n
=1

76
)

p-
va

lu
e

N
on

-c
au

da
te

 lo
be

ct
om

y (
n=

89
)

Ca
ud

at
e 

lo
be

ct
om

y
(n

=8
9)

p-
va

lu
e

In
tr

ao
pe

ra
tiv

e 
he

m
or

rh
ag

e,
 m

L
60

0 
(4

00
–1

,0
00

)
60

0 
(4

00
–1

,0
00

)
0.

11
2

60
0 

(4
00

–9
00

)
60

0 
(4

00
–1

,0
00

)
0.

07
5

In
tr

ao
pe

ra
tiv

e 
tr

an
sf

us
io

n
84

 (4
7.

7)
48

 (4
5.

3)
0.

78
3

38
 (4

2.
7)

40
 (4

4.
9)

0.
88

0
Op

er
at

io
n 

tim
e,

 m
in

37
7.

50
 (2

98
.7

5–
46

0.
00

)
42

0.
00

 (3
46

.2
5–

50
8.

75
)

0.
00

1
40

1.
00

 (3
00

.0
0–

47
0.

00
)

42
0.

00
 (3

45
.0

0–
51

0.
00

)
0.

06
3

Se
co

nd
 s

ur
ge

ry
 d

ur
in

g 
ho

sp
ita

liz
at

io
n

15
 (8

.5
)

6 
(5

.7
)

0.
51

4
8 

(9
.0

)
5 

(5
.6

)
0.

56
5

Po
st

op
er

at
ive

 in
fe

ct
io

n
13

 (7
.4

)
6 

(5
.7

)
0.

75
3

8 
(9

.0
)

6 
(6

.7
)

0.
78

1
Pu

lm
on

ar
y i

nf
ec

tio
n

12
 (6

.8
)

4 
(3

.8
)

0.
42

1
5 

(5
.6

)
4 

(4
.5

)
>0

.9
99

Ab
do

m
in

al
 in

fe
ct

io
n

20
 (1

1.
4)

19
 (1

7.
9)

0.
17

1
7 

(7
.9

)
13

(1
4.

6)
0.

23
5

In
ci

si
on

al
 in

fe
ct

io
n

5 
(2

.8
)

1 
(0

.9
)

0.
52

0
3 

(3
.4

)
1 

(1
.1

)
0.

61
3

Se
ps

is
2 

(1
.1

)
0

0.
71

2
0

0
-

Li
ve

r a
bs

ce
ss

1 
(0

.6
)

0
>0

.9
99

0
0

-
Ab

do
m

in
al

 e
ffu

si
on

19
 (1

0.
8)

0
0.

51
6

15
 (1

6.
9)

12
 (1

3.
5)

0.
67

6
Pl

eu
ra

l e
ffu

si
on

14
 (8

.0
)

6 
(5

.7
)

0.
62

6
8 

(9
.0

)
4 

(4
.5

)
0.

37
0

Bi
le

 le
ak

ag
e

36
 (2

0.
5)

16
 (1

5.
1)

0.
33

4
16

 (1
8.

0)
12

 (1
3.

5)
0.

53
7

Po
st

op
er

at
ive

 h
em

or
rh

ag
e

11
 (6

.2
)

5 
(4

.7
)

0.
78

5
7 

(7
.9

)
3 

(3
.4

)
0.

32
9

Bi
lia

ry
-e

nt
er

ic
 a

na
st

om
ot

ic
 fi

st
ul

a
2 

(1
.1

)
0

0.
71

2
2 

(2
.2

)
0

0.
47

7
Ga

st
ro

in
te

st
in

al
 o

bs
tr

uc
tio

n
2 

(1
.1

)
2 

(1
.9

)
>0

.9
99

2 
(2

.2
)

2 
(2

.2
)

>0
.9

99
Po

st
op

er
at

ive
 h

ep
at

ic
 in

su
ffi

ci
en

cy
11

 (6
.2

)
5 

(4
.7

)
0.

78
5

4 
(4

.5
)

4 
(4

.5
)

>0
.9

99
Po

st
op

er
at

ive
 p

ul
m

on
ar

y i
ns

uf
fic

ie
nc

y
2 

(1
.1

)
0

0.
71

2
0

0
-

Po
st

op
er

at
ive

 re
na

l i
ns

uf
fic

ie
nc

y
2 

(1
.1

)
1 

(0
.9

)
>0

.9
99

0
1 

(1
.1

)
>0

.9
99

Po
st

op
er

at
ive

 c
ar

di
ac

 in
su

ffi
ci

en
cy

0
2 

(1
.9

)
0.

27
3

0
1 

(1
.1

)
>0

.9
99

Cl
av

ie
n-

D
in

do
 g

ra
de

0.
59

3
0.

68
3

   
 I

15
 (8

.5
)

4 
(3

.8
)

7 
(7

.9
)

3 
(3

.4
)

   
 II

39
 (2

2.
2)

22
 (2

0.
8)

21
 (2

3.
6)

19
 (2

1.
3)

   
 II

Ia
21

 (1
1.

9)
16

 (1
5.

1)
10

 (1
1.

2)
12

 (1
3.

5)
   

 II
Ib

4 
(2

.3
)

2 
(1

.9
)

3 
(3

.4
)

2 
(2

.2
)

   
 IV

12
 (6

.8
)

5 
(4

.7
)

5 
(5

.6
)

3 
(3

.4
)

Le
ng

th
 o

f h
os

pi
ta

l s
ta

y, 
da

y
18

.5
0 

(1
4.

00
–2

4.
00

)
17

.5
0 

(1
4.

00
–2

3.
75

)
0.

45
0

18
.0

0 
(1

4.
00

–2
4.

00
)

17
.0

0 
(1

4.
00

–2
3.

00
)

0.
27

0
Po

st
op

er
at

ive
 h

os
pi

ta
l s

ta
y, 

da
y

13
.0

0 
(9

.0
0–

17
.0

0)
11

.0
0 

(1
0.

00
–1

5.
00

)
0.

71
1

13
.0

0 
(9

.0
0–

16
.0

0)
11

.0
0 

(1
0.

00
–1

5.
00

)
0.

63
6

IC
U

 tr
ea

tm
en

t t
im

e,
 d

ay
1.

00
 (0

.0
0–

2.
00

)
1.

00
 (0

.0
0–

2.
00

)
0.

60
2

1.
00

 (0
.0

0–
2.

00
)

1.
00

 (0
.0

0–
2.

00
)

0.
89

3

D
at

a 
ar

e 
pr

es
en

te
d 

as
 m

ed
ia

n 
(r

an
ge

) o
r n

um
be

r (
%

).
IC

U
, i

nt
en

si
ve

 c
ar

e 
un

it.



Zeng D, et al: Combined Caudate Resection Is Recommended for Patients with hICC

https://doi.org/10.5009/gnl240158  445

cally targeting cases with R0 resections, thereby offering a 
more precise understanding of outcomes within this sub-
group.

5. Prognostic factors on OS for patients with hICC
Univariable and multivariable Cox regression analysis of 

OS for patients involved is shown in Table 3. Before PSM, 
the results showed that CL (hazard ratio [HR], 0.711; 95% 
CI, 0.530 to 0.953; p=0.023) and R0 resection (HR, 0.634; 
95% CI, 0.450 to 0.894, p=0.009) were associated with bet-
ter OS on pre-PSM multivariable analysis, while invasion 
of liver parenchyma (HR, 1.358; 95% CI, 1.024 to 1.802; 
p=0.034), postoperative pulmonary infection (HR, 2.804; 
95% CI, 1.627 to 4.831; p=0.000) and poor tumor dif-
ferentiation (HR, 1.402; 95% CI, 1.221 to 1.603; p=0.018) 
were associated with inferior OS on multivariable analysis. 
Invasion of the whole bile duct (HR, 1.549; 95% CI, 1.128 
to 2.218; p=0.007) was related to worse OS on univariable 
analysis but was not significantly related to worse OS due 
to the outcome of multivariable analysis (HR, 1.190; 95% 
CI, 0.851 to 1.665; p=0.308).

After PSM, the results of multivariable analysis showed 
that CL (HR, 0.697; 95% CI, 0.492 to 0.988; p=0.042) was 
associated with better OS. Preoperative bile duct drain-
age (HR, 1.591; 95% CI, 1.030 to 2.456; p=0.036), invasion 
of liver parenchyma (HR, 1.737; 95% CI, 1.211 to 2.493; 
p=0.004) and poor tumor differentiation (HR, 1.594; 95% 
CI, 1.103 to 2.305; p=0.013) were associated with inferior 
OS on multivariable analysis. Cardiovascular accident 
(HR, 2.973; 95% CI, 1.085 to 8.141; p=0.034) was related to 
worse OS on univariable analysis but was not significantly 
related to worse OS due to the outcome of multivariable 
analysis (HR, 2.634; 95% CI, 0.939 to 5.218, p=0.059).

6. Prognostic factors on DFS for patients with hICC
Univariable and multivariable Cox regression analysis 

of DFS for patients involved is shown in Table 4. Before 
PSM, multivariable Cox regression analysis show that 
CL (HR, 0.684; 95% CI, 0.515 to 0.909; p=0.009) and R0 
resection (HR, 0.754; 95% CI, 0.621 to 0.956; p=0.018) 
contributed to longer OS for patients. Invasion of liver 
parenchyma (HR, 1.356; 95% CI, 1.089 to 1.697; p=0.042) 
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and pulmonary infection (HR, 2.180; 95% CI, 1.255 to 
3.788; p=0.006) contributed to poorer DFS for patients. 
Total postoperative infection (HR, 1.644; 95% CI, 1.014 to 
2.664; p=0.044), postoperative pulmonary infection (HR, 
2.594; 95% CI, 1.555 to 4.329; p<0.001), postoperative 
incisional infection (HR, 2.331; 95% CI, 1.031 to 5.273; 
p=0.042) and gastrointestinal obstruction were identified 
by univariable analysis as independent predictors that con-
tributed to inferior DFS. When multivariable analysis was 
utilized to analyze these factors, only pulmonary infection 
remained statistically significant (HR, 2.180; 95% CI, 1.255 
to 3.788; p=0.006). After PSM, CL (HR, 0.708; 95% CI, 
0.508 to 0.986; p=0.041) were contributed to longer DFS 
on multivariable Cox regression analysis. Poor tumor dif-
ferentiation (HR, 1.436; 95% CI, 1.019 to 2.023; p=0.039) 
and preoperative bile duct drainage (HR, 1.618; 95% CI, 
1.067 to 2.454; p=0.023) were only associated with shorter 
DFS on univariable analysis.

7. Subgroup analysis of the usefulness of CL
To evaluate the association between CL utilization and 

OS among different patient subgroups, Cox regression 
models using the post-PSM cohort were examined fol-
lowing stratification based on gender, age, TMN staging, 
Bismuth staging, tumor histological grade, tumor size, 
resection margin status, whether to perform preoperative 
bile duct drainage and features of tumor invasion. Analysis 

of Bismuth stage I and Bismuth stage II was excluded due 
to insufficient patient data, and the results of subgroup 
analysis were presented by a forest plot (Fig. 4). Notably, in 
the case of combined CL, some subgroups were more sig-
nificantly associated with improved OS, including age <65 
years (HR, 0.65; 95% CI, 0.43 to 0.96; p=0.03), well differ-
entiated tumor (HR, 0.463; 95% CI, 0.26 to 0.82; p=0.01), 
Bismuth stage IV (HR, 0.55; 95% CI, 0.32 to 0.94; p=0.03), 
and tumor diameter <5 cm (HR, 0.64; 95% CI, 0.44 to 0.93; 
p=0.02). Apart from the mentioned subgroups, almost all 
subgroups showed combined CL to be a better choice than 
without caudate resection in terms of OS, although the 
results of these subgroups did not reach statistical signifi-
cance.

DISCUSSION

It is generally accepted that surgical resection is the only 
potentially curative therapy for patients with ICC. For pa-
tients undergoing resection of ICC, R1 margin status was 
associated with an inferior long-term outcome,24 and mar-
gin-negative resection (R0) to was the strongest predictor 
of survival after surgical resection, independent of disease 
stage.28 Therefore, extended liver resection with or without 
vascular or biliary reconstructions is often required to ob-
tain R0 margins, especially in cases of voluminous lesions 

Fig. 4.Fig. 4. Forest plot showing the re-
sults of the subgroup analysis of 
overall survival in the propensity 
score matching cohort. HR, hazard 
ratio; CI, confidence interval; CL, 
caudate lobectomy.
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or multifocal tumors, which account for 50% to 70% of 
all ICC cases.13,29 However, it may be more complicated to 
reach R0 resection when ICC progressed and involved he-
patic hilum.

Typically, hICC exhibits an infiltrative growth pattern 
extending into the hepatic parenchyma, perihilar struc-
tures, and adjacent vascular systems. The caudate lobe 
consists of three main parts: the Spiegel lobe, paracaval 
portion, and caudate process portion.30 The Spiegel lobe is 
situated to the left of the caudate lobe, adjacent to the left 
side of the inferior vena cava and the Arantius tube (the 
ligament of the umbilical vein), and dorsally to the omen-
tum. The paracaval portion occupies the middle area of 
the caudate lobe, located on the right side of the Arantius 
tube and partially encircling the inferior vena cava on the 
abdominal side, extending to the root of the secondary 
porta of the liver. Its upper right boundary merges with the 
right posterior lobe of the liver without a distinct demarca-
tion, and its lower right boundary connects to the caudate 
process through the right posterior branch of the portal 
vein. The caudate process, positioned in the right part of 
the caudate lobe, may merge with the right posterior lobe 
of the liver or exist as an independent mastoid structure 
on its right side. Due to the position of the caudate lobe, 
it is closely connected with the hilar bile duct, and tumors 
can easily invade the caudate lobe,31 resulting in implant-
able metastasis of the hepatic caudal lobe. Therefore, com-
bined CL is more conducive to achieving R0 resection.32 
However, owing to its proximity to the portal vein, inferior 
vena cava, and hepatic vein, caudate lobe resection poses 
a risk of injury to these structures and associated bleed-
ing. Apart from the acute issues resulting from blood loss 
and subsequent hypovolemia, blood transfusion has been 
associated with worse all-cause and oncologic outcomes 
for patients undergoing major oncologic surgeries.33 In 
addition, because the caudate lobe is connected to the 
right posterior lobe of the liver without obvious boundary, 
complete removal of the caudate lobe is particularly dif-
ficult.34 Specifically, the left side of the caudate lobe is free 
and has an Arantius tube as an anatomical marker, mak-
ing the resection line on the left side easily determined.35 
However, there is no obvious boundary between the right 
side (especially the paracaval portion) and the right pos-
terior lobe of the liver, so the right boundary is difficult to 
judge.36 Therefore, it is challenging to completely remove 
the caudate lobe while retaining the right lobe of the liver. 
One method to address this is to establish an ischemic line 
by ligating all the blood vessels of the caudate lobe dur-
ing anterograde resection to find the boundary with the 
right posterior lobe.37 Other surgical techniques require 
further exploration and study by hepatobiliary surgeons. 

Although aggressive surgical approach including extended 
liver resection and complete excision of the caudate lobe 
have been widely accepted as standard surgical practice for 
HC,38,39 controversy persists regarding the curative resec-
tion of ICC. The justification for incorporating caudate 
lobe resection in common hepatic duct cancer lies in the 
susceptibility of the caudate lobe duct to invasion. This 
reasoning extends to hICC, supporting the inclusion of 
caudate lobe resection in its treatment approach. Available 
studies have demonstrated that hICC, in comparison with 
HC, shows distinct clinicopathological features, including 
more aggressive biological behaviors, different prognostic 
factors, and worse prognosis. Therefore, it is vital to dis-
cover whether combine CL can benefit hICC patient in the 
way of longer OS and DFS. As a result, uncertainty persists 
about the impact of caudate lobe resection on periopera-
tive morbidity and postoperative survival. We therefore 
performed this propensity score analysis to further explore 
the impact of combined caudate lobe resection on the 
short-term clinical outcomes and long-term prognosis of 
patients with hICC.

Based on data from the current study, patients in CL 
group had a better long-term survival (OS and DFS) than 
those in non-CL group before and after PSM (Fig. 2A and 
B). We conducted an analysis of the potential reasons for 
the better OS and DFS in the CL group compared to the 
non-CL group and identified the following mechanisms. 
First, the CL group may have had better OS and DFS due 
to better surgical margins. We analyzed the postopera-
tive resection margin status of all patients after PSM. Our 
analysis revealed that the non-CL group had a significantly 
higher probability of R1 resection margins compared to 
the CL group, with an OR of 2.333 (95% CI, 1.127 to 4.831). 
This aligns with previous research findings. For example, 
a 2014 meta-analysis on prognostic factors for ICC clearly 
indicated that R1 resection is associated with poor prog-
nosis.40 Second, the CL group may have better OS and DFS 
due to the more effective removal of microscopic disease. 
This can be directly evidenced by the postoperative recur-
rence rates.28 The CL group's 1-year and 5-year recurrence 
rates were significantly lower than those of the non-CL 
group. The non-CL group exhibited a higher OR of 2.688 
(p=0.002) for the 1-year recurrence rate. Similarly, for the 
5-year recurrence rate, we found that 66.3% of patients in 
the CL group experienced postoperative recurrence, com-
pared to 83.1% of patients in the non-CL group. In terms 
of 5-year recurrence rates, the non-CL group had a higher 
OR of 2.508 (p=0.011). Higher postoperative recurrence 
rates clearly indicate poorer prognosis, suggesting that the 
CL group may be more effective in removing microscopic 
disease, thereby reducing recurrence, and achieving better 
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OS and DFS compared to the non-CL group.
Patients undergoing resection that combined caudate 

lobe had no statistically significant difference compared to 
those undergoing caudate-sparing resection in periopera-
tive clinical outcomes or the incidence of complications, 
either before or after PSM. According to the results of sub-
group analysis, CL is more recommended for patients with 
following characteristics: age <65 years, well-differentiated 
tumor, Bismuth stage IV and tumor diameter <5 cm. As for 
other patients, combined caudate resection generally leads 
to a better prognosis than no resection of the caudate lobe.

Currently, postoperative complications have been a cru-
cial factor in surgical decision making for surgeons.41 It has 
been elaborated that postoperative complications can lead 
to inferior prognosis of cancer patients in multiple ways, 
such as postoperative hemorrhage, malnutrition, muscle 
depletion, and local or general infection. For patients with 
malignancies undergoing surgical treatment, long-term 
survival can be affected by major postoperative complica-
tions, which has been demonstrated in tumors of many 
sites.42-44 Therefore, the impact of complications after com-
bined caudate resection on the prognosis of patients with 
ICC involving the hepatic hilus should be meticulously as-
sessed when deciding the surgery approach. In this study, 
we found that the overall postoperative complications of 
patients combined CL do not differ from that of non-CL 
group, indicating the tumor itself and resection margin 
status are the primary determinant of long-term prognosis, 
rather than postoperative complications. Hence, as curative 
R0 resection is the only means by which clinical cure can 
be achieved, more aggressive surgery strategy including 
resection of the caudate lobe is requisite.

This study is the only study that used propensity score-
matched analysis to evaluate the prognostic impact of 
combined caudate lobe resection on the prognosis of pa-
tients with ICC involving the hepatic hilus. Apart from fo-
cusing on the long-term survival outcomes of patients, we 
also focused on the impact of short-term clinical outcomes 
after curative-intent surgery. Meanwhile, PSM on the two 
groups of patients was performed to minimize the impact 
of the bias due to retrospective study on the conclusions. 
This study can provide new evidence for clinical diagnosis 
and surgical treatment of hICC.

However, several limitations of this study should be 
carefully considered when interpreting the results. First, 
this study was retrospective, which means there are inevi-
table limitations in its design. As a result, some clinical bias 
was inevitable. Secondly, due to the rarity of hICC and the 
screening by propensity score, the final sample size was 
relatively small. This resulted in our ability to only divide 
patients into two groups based on whether the caudate 

lobe was resected, preventing further subdivision of the CL 
group into partial or complete caudate lobe resection sub-
groups. Third, this study was a single-center study, which 
may lead to certain restriction on the application of the 
conclusion. Therefore, future randomized controlled stud-
ies and large-scale multicenter prospective cohort studies 
are warranted for further verification.

In summary, this study is unique in employing pro-
pensity score-matched analysis to assess the prognostic 
implications of combined CL for patients with ICC affect-
ing the hepatic hilum. The findings indicate that combined 
caudate lobe resection may enhance long-term survival in 
such patients. Moreover, there were no statistically signifi-
cant differences in postoperative complications between 
the CL group and the non-CL group. Thus, the study 
suggests that combined caudate lobe resection should be 
considered a proactive approach in the management of pa-
tients with hICC.
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