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Anatomic versus nonanatomic resection for
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Jin Zhou, MD?**, Yong Zeng, MD**

Background: The value of anatomic resection (AR) in intrahepatic cholangiocarcinoma (ICC) remains controversial. This study\
compares the perioperative safety and long-term outcomes of AR versus nonanatomic resection (NAR) in ICC patients.
Methods: A systematic search was conducted in PubMed, Medline, Embase, Cochrane Library, China National Knowledge Infrastructure
(CNKI), and Wanfang database for prospective or retrospective studies comparing the efficacy of AR and NAR in, ICC published to 1 June
2024. Meta-analyses were performed on surgical factors, perioperative outcomes, and long-term prognosis for both the entire cohort and
the propensity score-matched (PSM) cohort. The primary outcome measures were overall survival (OS) and disease-free survival (DFS).
Results: Seven studies, including 1801 ICC patients, were analyzed. In both the entire and the PSM cohort, the AR group
demonstrated superior OS (HR=0.71, 95% Cl=0.57-0.88, P=0.002 and HR=0.70, 95% Cl=0.59-0.83, P <0.0001,
respectively) and DFS (HR=0.75, 95% Cl=0.62-0.91, P=0.004 and HR=0.68, 95% Cl=0.58-0.79, P <0.00001, respectively)
compared to the NAR group. AR significantly improves 1-year, 3-year, 5-year DFS, and 5-year OS(all P < 0.05). In the PSM cohort, AR
and NAR groups showed comparable blood loss, operative times, overall complications, and major complications (all P> 0.05).
Subgroup analysis revealed that among patients with tumor > 5 cm, AR achieved better OS and DFS, whereas patients with tumors
<5 cm did not experience survival benefits from AR.

Conclusion: This study suggests that AR, compared to NAR, can improve OS and DFS without increasing perioperative risks,
particularly in ICC patients with tumors larger than 5 cm.

Keywords: anatomic resections, intrahepatic cholangiocarcinoma, prognosis, survival

Introduction In recent vyears, systemic therapy for liver cancer is
promising!®l. However, it cannot be ignored that hepatectomy has
been widely utilized in the management of malignant liver
tumors. The purpose of hepatectomy is to completely remove the
tumor while ensuring an adequate resection margin to minimize
the risk of recurrence’™). Liver resections are categorized into
nonanatomic resections (NAR), which involve the removal of
liver parenchyma surrounding the tumor with sufficient margins,
and anatomic resections (AR), which involve the removal of

Primary liver cancer is the sixth most common cancer and the third
leading cause of cancer-related death worldwide, encompassing hepa-
tocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma
(ICC) and combined hepatocellular-cholangiocarcinoma (cHCC-CC)
131 ICC is the second most common primary liver malignancy,
and its incidence is on the rise globally™?!. Currently, radical
resection remains the only potentially curative treatment for ICC.

4Department of General Surgery and Laboratory of Liver Surgery, Division of Liver Surgery, State Key Laboratory of Biotherapy and Collaborative Innovation Center of
Biotherapy, West China Hospital, Sichuan University, Chengdu, China and ®Department of Hepato-Biliary-Pancreatic Surgery, Sichuan Cancer Hospital and Institute, Sichuan
Cancer Center, School of Medicine, University of Electronic Science and Technology of China, Chengdu, China

Chuang Jiang, Gui-Min Hou, Zhi-Hong Zhang, and Ze-Yuan Qiang share co-first authorship.
Hai-Chuan Wang, Jin Zhou, and Yong Zeng share co-corresponding authorship.
Sponsorships or competing interests that may be relevant to content are disclosed at the end of this article.

*Corresponding authors. Address: Department of General Surgery and Laboratory of Liver Surgery, Division of Liver Surgery, State Key Laboratory of Biotherapy and
Collaborative Innovation Center of Biotherapy, West China Hospital, Sichuan University, Chengdu 610041, China. Tel: +86 189 806 014 72. E-mail: zengyong@medmail.com.
cn (Y. Zeng), E-mail: zhoujin096@scu.edu.cn (J. Zhou), and E-mail: tony.wanghc@hotmail.com (H.-C. Wang).

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. This is an open access article distributed under the Creative Commons Attribution-NoDerivatives
License 4.0, which allows for redistribution, commercial and non-commercial, as long as it is passed along unchanged and in whole, with credit to the author.

International Journal of Surgery (2025) 111:1440-1453
Received 16 July 2024; Accepted 5 November 2024

Supplemental Digital Content is available for this article. Direct URL citations are provided in the HTML and PDF versions of this article on the journal's website,
www.lww.com/international-journal-of-surgery.

Published online 18 November 2024
http://dx.doi.org/10.1097/JS9.0000000000002134

1440


http://www.lww.com/international-journal-of-surgery
http://creativecommons.org/licenses/by-nd/4.0/
http://creativecommons.org/licenses/by-nd/4.0/

Jiang et al. International Journal of Surgery (2025)

entire anatomical liver segments!'®!!l, On the one hand, with the

further understanding of the functional anatomy of the liver, AR
has been shown to allow for the complete remove the liver seg-
ments within the Glisson sheath’s blood supply and corre-
sponding hepatic venous drainage, potentially reducing the risks
of postoperative bleeding, bile leakage, and liver failure!'?l.
Additionally, as the portal vein system is the primary route for
intrahepatic metastasis of liver cancer (especially HCC). For
example, the transfer of blood flow between the portal vein and
the tumor supplying artery is one of the mechanisms of tumor
metastasis in HCC'3, Complete resection of liver segments is
conducive to the eradication of local micrometastases, and this
advantage of AR is considered beneficial to prevent recurrence!'*.,
The long-term prognostic benefits of AR in HCC treatment has
been well-documented>!5!, However, given the distinct mole-
cular characteristics and malignant behavior of ICC, whether AR
offers a long-term survival advantage in ICC remains
uncertain®'’1. Currently, there is no systematic review addres-
sing this issue.

To address these unresolved questions, we conducted a meta-
analysis evaluating the efficacy of AR versus NAR in the treat-
ment of ICC.

Method

The meta-analysis was registered with PROSPERO and follows
the guidelines outlined by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA, Supplemental
Digital Content 12, http:/links.lww.com/JS9/D550) and the A
MeaSurement Tool to Assess systematic Reviews (AMSTAR)
checklist(Supplemental Digital Content 1, http:/links.lww.com/
JS9/D539)[20:211,

Search strategy

A comprehensive and systematic search of PubMed, Embase,
Medline, Cochrane Library, Wanfang database, and CNKI
database was conducted to identify studies comparing the safety
and efficacy of AR and NAR in ICC patients. The search included
studies published up to 1 June 2024. The search strategy is a
combination of the following keywords: ‘ICC’ or ‘iCCA’ or
‘intrahepatic cholangiocarcinoma’ or ‘intrahepatic bile duct car-
cinoma’ or ‘intrahepatic bile duct cancer’ or ‘intrahepatic cho-
langiocellular carcinoma’ or ‘intrahepatic bile duct tumor’ or
‘intrahepatic cholangiocyte carcinoma’; ‘resection’; ‘anatomical’
or ‘anatomic’; ‘nonanatomic’ or ‘non anatomic’ or ‘non-
anatomic’ or ‘nonanatomical’ or ‘non-anatomical’ or ‘non ana-
tomical’. Both Chinese and English articles were included in the
search.

Inclusion and exclusion criteria

Inclusion criteria: (1) ICC diagnosis confirmed by histopathol-
ogy; (2)Studies comparing the therapeutic effects of AR and
NAR; (3) Prospective or retrospective studies; (4) Reported at
least one outcome of interest, such as OS, DFS, and complica-
tions; and (5) Full-text available in English or Chinese.

Exclusion criteria: (1) Nonhuman clinical studies; (2) Studies
where prognostic data could not be extracted; (3) Duplicate
publication of article; (4) Noncomparative studies: letters, case
reports, reviews, editorials, guidelines, and abstracts.

HIGHLIGHTS

e There is controversy regarding the efficacy of AR versus
NAR in ICC. This is the first meta-analysis comparing AR
and NAR in ICC patients for perioperative safety and long-
term survival outcomes.

e Compared to NAR, AR is associated with better OS and
DFS in ICC patients without increasing perioperative risks.

e AR provides a survival benefit for tumors larger than 5 cm;
however, for tumor size <5 cm, the long-term outcomes of
AR and NAR are comparable.

Data extraction and quality assessment

Two reviewers independently extracted data using a standardized
data extraction form and summarized the results. Initially, titles and
abstracts were reviewed to exclude duplicates and unrelated studies.
Full texts were then thoroughly reviewed to confirm eligibility, and
the following data were extracted: year of publication, country, study
type, study design, sample size, and patient characteristics. Outcomes
of interest included: surgery-related indicators (operative blood loss
and operation time), postoperative hospital stay, perioperative
complications, OS, and DFS. For PSM studies, data were extracted
separately for before and after matching. Any disagreement between
the two reviewers were resolved through discussion, with a third
reviewer involved to reach a consensus.

The quality of the included studies was assessed independently
by two reviewers using the Newcastle-Ottawa Scale (NOS)22,
Each study was scored on a scale of 0-9, with a score of >6
considered qualified for inclusion in the meta-analysis.

Statistical analysis

Mean differences (MD) with 95% CI were used to assess continuous
variables, while risk ratios (RR) with 95% CI were used to evaluate
categorical variables. Hazard ratios (HR) with 95% CI were extracted
to evaluate combined effects. If survival data were not directly available
in the articles, we utilized Engauge Digitizer software to extract data
from Kaplan—Meier curves. Log hazard ratios (logHR) were calculated
using the methodology outlined by Tierney et al.?*! Cochrane’s O
and I? statistics were used to assess heterogeneity among the
included studies. The value of I? in the range of 0% to 25%
indicates that the heterogeneity is not significant, 25-50%,
50-75%, and >75% indicates low, medium, and high hetero-
geneity, respectively*.. If heterogeneity was acceptable (P> 0.1,
I2<50%), a fixed-effects model (FEM) was used for the
meta-analysis; otherwise, a random-effects model (REM) was
employed. High heterogeneity was addressed through subgroup
analysis or sensitivity analysis. If excluding a particular study
significantly reduced heterogeneity, that study was considered a
primary source of heterogeneity. Publication bias was compre-
hensively evaluated using funnel plots, Begg’s test, and Egger’s
test?>271, Statistical significance was set at P <0.05.

Results

Study selection and quality evaluation

The study selection process is illustrated in the PRISMA
flowchart (Fig. 1). A total of 1375 studies were initially identified.
After removing 547 duplicates through a combination of automatic
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Figure 1. Flowchart of study identification and selection.

and manual methods, 804 studies were excluded based on title and
abstract screening due to clear irrelevance. Following a full-text
review, seven studies that compared AR and NAR in ICC patients
were included in this study!" 16182830 Al included studies were
retrospective, with five PSM studies!'>1¢718281 including two
multicenter studies!!>'8], A total of 1801 ICC patients (890 in the
AR group and 911 in the NAR group) who underwent surgery
were included. All studies had NOS scores above 7, indicating
good quality (Supplemental Table S1,Supplemental Digital
Content 2, http://links.lww.com/JS9/D540). The risk of bias was
assessed using the Cochrane risk of bias tool (Supplemental
Figure S1,Supplemental Digital Content 3, http://links.lww.com/
JS9/D541). The basic characteristics of the included studies was
shown in Table 1. The number of patients per study ranged from
145 to 671, with the proportion of patients in the AR group
ranging from 45.3 to 69.4%. Most studies reported a higher
proportion of male patients (49.7-64.4%). HBV infection was
reported in four studies!'*"'%28] with HBV patient proportions
of 46.8%, 50.7%, 31.3%, and 26.8%, respectively. Two
studies!'®!8! reported on HCV infection, with proportions

ranging from 2.1 to 3.4%. Meta-analysis for the baseline data
for the entire cohort showed that the AR group had a significantly
lower proportion of patients with cirrhosis (RR: 0.69; 95% CI:
0.59-0.81; P<0.00001) and multiple tumors (RR: 0.71; 95%
CL:  0.58-0.86; P=0.0006) (Supplemental Figure S2a,c,
Supplemental Digital Content 4, http:/links.lww.com/JS9/
D542). These differences were eliminated after PSM
(Supplemental Figure S2b,d, Supplemental Digital Content 4,
http://links.lww.com/JS9/D542). The PSM cohort’s basic char-
acteristics are detailed in Table 2. All key outcome results from
this meta-analysis are presented in Table 3.

Operative outcomes

Operative time

Six studies reported the operative timel'®~!828-30 involving

a total of 1523 patients. The operative time was longer in the
AR group (MD: 25.35 min; 95% CI: 4.97-45.74; P=0.01).
The heterogeneity was high (I2=94%), and data were
pooled using random-effects model (REM) (Supplemental
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Characteristics of the entire cohort

Tumor
Child- differentiation
Solotary/ Pugh (well-moderate/ Adjuvant Nodal NOS
References Country Design type Center Group NP Age Sex(M/F) Tumor size(cm) Multiple  (A/B/C) poor) treatment HBV HCV  Cirrhosis Hepatolithiasis metastasis  score
Si Al® China PSM Single AR 305 529 (46.0-60.0) 192113 5.0 (3.4-7.0) 234/71  305/0/0 278/27 74 143 7 55 44 55 8
NAR 366  55.4 (47.0-65.0) 236/130 5.7 (4.0-8.0) 223/113  366/0/0 519/47 81 17 7 102 56 64
Ke Q.1 China PSM Multi AR 126 61 (>60 years) 68/58 44 (<5cm) 126/0 86/40/0 94/32 26 NA NA 31 NA NA 8
NAR 152 53 (=60 years) 111/41 72 (<5c¢m) 152/0 80/72/0 121/31 24 NA NA 68 NA NA
LiB."7 China PSM Single AR 85 59 (27-87) 49/36 4.5 (1-13) 85/0 81/4/0 62/23 22 37 NA 40 11 1 8
NAR 65 54 (27-76) 44/21 6 (2-13) 65/0 62/3/0 36/29 21 39 NA 43 3 8
Wu J.l'® China PSM Multi AR 80 24 (> 65 years) 43/37 35 (<5 cm) 65/15 NA 58/22 31 23 2 21 80 28 8
NAR 67 19 (> 65 years) 30/37 23 (<5cm) 5017 NA 5017 23 23 3 28 67 27
Wu X101 China Retrospective Single AR 68 57 (<70 years) 33/35 5.89 +2.65 54/14 NA 37/31 NA NA  NA 9 26 24 8
study
NAR 30 25 (<70 years) 22/8 6.62 +3.40 26/4 NA 18/12 NA NA NA 5 6 10
Wang C.2% China PSM Single AR 139 49 (>60 years) 85/54 69 (<5 cm) 1227 117/22/ 81/58 NA 38 NA 33 NA 49 9
0
NAR 137 43 (>60 years) 82/55 78 (<5¢m) 85/52 126/11/ 78/59 NA 36 NA 28 NA 28
0
Han X291 China Retrospective  Single AR 87 71.4+52 54/33 45+15 NA NA NA NA NA  NA NA NA NA 8
study
NAR 94 70.8+48 49/45 46+14 NA NA NA NA NA NA NA NA NA

AR, anatomic resections; M/F, male/female; NA, not available; NAR, nonanatomic resections; NOS, Newcastle—Ottawa Scale; PSM, propensity score matching;

(G202) Asbung Jo [eunop euoireulsiu] ‘fe 1o Buelr
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Table 2
The basic characteristics of the PSM cohort

Nodal
metastasis

Adjuvant
treatment

Tumor differentiation (well-

Child-Pugh

Solotary/
Multiple

HBV HCV Cirrhosis Hepatolithiasis

moderate/poor)

(A/B/C)
229/0/0
229/0/0
76/51/0
84/61/0
25/4/0
27/2/0

Sex (M/F) Tumor size(cm)

Age

Group NP
AR

References
Si A8

40

30
36

55 108 48
104

51

206/23

61/168
59/170
58/0

3.6-7.3)

5.1

149/80
133/96
38/20
39/19

46.0-61.5)

40

49

199/30
42/16
40/18
18/11
20/9

NA
NA

NA
NA

NA NA 22

6
9

)

<5cm

21

NA  NA

58/0

)

<5cm

16
17
14
15
16
19

NA
14 NA
14
17
23
20

29/0

8
22

29/0

23
20

50
50

38/12
37113
58/41
57/42

NA

NA
89/10/0

391

)
)
)
)

<5cm

17
NA
NA

41/9
80/19
74125

<5cm

18
27

NA
NA

NA
NA

<5cm

88/11/0

<5cm

5.2

48.0-60.0)
>60

24

years)
years)

27

>60

19
21

26/24
24/26
58/41
59/40

> 65 years)
> 65 years)
>60

50
60

years)
years)

>60

229 54.0

NAR 229 54.0

AR

22
23
61

58
58
29
29
50
50
99
99

Ke Q.M

NAR
AR

LB

57
38

NAR

AR

Wu J.l'8

34
36
29

NAR
AR

Wang C.%

NAR

AR, anatomic resections; M/F, male/female; NA, not available; NAR, nonanatomic resections; PSM, propensity score matching.

Figure S3a,Supplemental Digital Content 5, http:/links.lww.
com/JS9/D543). After PSM, four studies’®'®2% involving a
total of 814 patients, reported operative time. The pooled
data using REM showed that the difference in operative time
between the two groups was no longer significant (P=0.11)
(Fig. 2A).

Operative blood loss

Before PSM, six studies reported operative blood loss!!618:28-301,
As shown in Supplemental Figure S3b (Supplemental Digital
Content 3, http://links.lww.com/]S9/D543), there was no signifi-
cant difference in operative blood loss between the AR group and
the NAR group (MD: -11.13 ml; 95% CI: -103.88 to 81.62;
P=0.81). After PSM, four studies!!*'®*?8lreported operative
blood loss. The heterogeneity was not significant (I2=4%), and
data were pooled by FEM. The blood loss between the two
groups was comparable (MD: 21.32 ml; 95% CI: -12.33 to
54.97; P=0.21) (Fig. 2B).

Postoperative outcomes
Postoperative hospital stay

Before PSM, six studies reported postoperative hospital
stay!16718:28-301 showing no significant difference between the two
groups (MD: 0.53 days; 95% CI: -0.34 to 1.41; P=0.23)
(Supplemental Figure S3¢, Supplemental Digital Content 3, http:/links.
Iww.com/JS9/D543). After PSM, four studies reported postoperative
hospital stay!''828, With moderate heterogeneity (I2=68%), REM
was used for pooling the data, which also showed no significant
difference in postoperative hospital stay between the AR and NAR
groups (MD: 0.59 days; 95% CI: -1.40 to 2.58; P=0.56) (Fig. 2C).

Complications

Six studies!!>16-18:2%30] "involving 1525 patients (751 in the AR
group and 774 in the NAR group), reported on postoperative
complications. The studies showed low heterogeneity (I2=23%).
Pooled data using REM indicated no significant difference in
complication rates between the AR and NAR groups (RR: 1.05;
95% CI: 0.91-1.21; P=0.52) (Supplemental Figure S3d,
Supplemental Digital Content 5, http:/links.lww.com/JS9/
D543). After PSM, four studies!!>1®1828] inyolving 415 patients
in each group, reported on postoperative complications with
I?=37%. FEM was used to pool the data, again showing no
significant difference between the AR and NAR groups (RR:
1.13; 95% CI: 0.92-1.39; P=0.23) (Fig. 2D).

Major complications

Six studies reported major complications!!116718:2%301 " inyolving

1525 patients. There was low heterogeneity (I2=35%), and
pooled data using REM indicated a higher rate of major com-
plications in the AR group (RR: 1.44; 95% CI: 1.01-2.05;
P=0.04) (Supplemental Figure S3e, Supplemental Digital
Content 5, http:/links.lww.com/JS9/D543). After PSM, four
studies!! 1618281 reported major complications, among which
Wang et al.’s study showed no major complications in both the
AR and NAR group. The heterogeneity was low (I2=0%), and
data were pooled using FEM. The difference in major complica-
tions between the two groups was no longer significant (RR: 1.28;
95% CI: 0.78-2.10; P =0.33) (Fig. 2E).
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Summary results of the meta-analyses

Entire cohort PSM cohort
Heterogeneity Heterogeneity
QOutcomes Studies,n AR NAR HR/RR (95%Cl) P P% P Studies,n AR NAR HR/RR (95%Cl) P 1% P
Operative outcomes
Operative time (min) 6 764 759 25.35 (4.97-45.74) 0.01 94 < 0.00001 4 407 407  24.84 (-5.32 t0 55.00) 0.1 78 0.004
Operative blood loss (ml) 6 764 759  —11.13(-103.88 to 81.62) 0.81 94 < 0.00001 4 407 407 21.32 (—12.33 t0 54.97) 0.21 4 0.37
Postoperative outcomes
Postoperative hospital stay 6 764 759 0.53 (—0.34 to 1.41) 0.23 69 0.007 4 407 407 0.59 (—1.40 to 2.58) 0.56 68 0.03
Overall complications 6 751 774 1.05 (0.91-1.21) 0.52 23 0.26 4 415 415 1.13 (0.92-1.39) 0.23 37 0.19
Major complications 6 751 774 1.44 (1.01-2.05) 0.04 35 0.17 4 415 415 1.28 (0.78-2.10) 0.33 0 0.87
Oncological outcomes
Overall survival 7 890 911 0.71 (0.57-0.88) 0.002 56 0.03 5 465 465 0.70 (0.59-0.83) <0.0001 0 0.59
1-year 0S 6 803 817 0.88 (0.66-1.17) 0.38 71 0.004 5 465 465 0.77 (0.64-0.92) 0.005 0 0.69
3-year 0S 6 803 817 0.84 (0.71-0.99) 0.04 74 0.002 5 465 465 0.82 (0.66—1.00) 0.06 67 0.02
5-year 0S 6 803 817 0.87 (0.78-0.97) 0.01 67 0.01 5 465 465 0.86 (0.80-0.94) 0.0006 48 0.10
Disease-free survival 5 735 787 0.75 (0.62-0.91) 0.004 52 0.08 5 465 465 0.68 (0.58-0.79) < 0.00001 0 0.78
1-year DFS 5 735 787 0.79 (0.71-0.88) <0.0001 26 0.25 5 465 465 0.77 (0.68-0.89) 0.0002 0 0.64
3-year DFS 5 735 787 0.88 (0.80-0.98) 0.02 60 0.04 5 465 465 0.88 (0.81-0.95) 0.001 18 0.30
5-year DFS 5 735 787 0.91 (0.84-0.98) 0.02 58 0.05 5 465 465 0.90 (0.84-0.96) 0.001 35 0.19
Univariate analysis of 0S 4 579 615 0.67 (0.48-0.95) 0.02 76 0.006 3 386 386 0.78 (0.59-1.04) 0.09 58 0.09
Univariate analysis of DFS 3 511 585 0.66 (0.51-0.87) 0.003 62 0.07 3 386 386 0.75 (0.64-0.87) 0.0002 0 0.52
Multivariate analysis of 0S 5 666 709 0.67 (0.49-0.91) 0.01 72 0.007 4 436 436 0.72 (0.47-1.12) 0.15 88 <0.0001
Multivariate analysis of DFS 3 511 585 0.72 (0.51-1.02) 0.06 77 0.01 4 436 436 0.68 (0.59-0.79) < 0.00001 37 0.19

AR, anatomic resections; DFS, disease-free survival; HR, hazard ratio; RR, relative risk; NAR, non-anatomic resections; OS, overall survival; PSM, propensity score matching.
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A AR NAR Mean Difference Mean Difference
r I Mean D _Total Mean D Total Weight IV, Random, 95% Cl IV, Random, 95% Cl

LiB.2018 290.91 7526 29 21255 9574 29 19.7% 78.36 [34.04, 122.68] e

Si A. 2019 120 4476 229 120 4476 229 33.5% 0.00 [-8.20, 8.20]

Wang C. 2022 165.4 135.21 99 14342 122812 99 23.1% 21.98[-14.00, 57.96) T

Wu J. 2023 2271 833 50 2089 916 50 23.8% 18.20[-16.12, 52.52] =

Total (95% Cl) 407 407 100.0% 24.84 [-5.32, 55.00] -

Heterogeneity: Tau? = 689.90; Chi? = 13.34, df = 3 (P = 0.004); = 78% t t t y

Test for overall effect: Z = 1.61 (P = 0.11) =200 ';g\?ou - AR]O Favours [L%)R] 200
B AR NAR Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed. 95% ClI

LiB.2018 360.62 222.08 29 31517 30844 29 59% 45.45[-92.88, 183.78] %

SiA. 2019 308.77 24246 229 300 14921 229 83.3% 8.77 [-28.10, 45.64]

Wang C. 2022 37522 53238 99 266.23 266.02 99 82% 108.99[-8.24, 226.22] 1

Wu J. 2023 47542 53492 50 384.19 53492 50 26% 91.23[-118.45, 300.91]

Total (95% Cl) 407 407 100.0%  21.32 [-12.33, 54.97] ?

Heterogeneity: Chiz = 3.14, df = 3 (P = 0.37); I? = 4% _2‘00 _1‘00 T 1(‘)0 2(’)0

Test for overall effect: Z = 1.24 (P = 0.21)

Favours [AR] Favours [NAR]

c AR NAR Mean Difference Mean Difference
_Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl IV, R: v.
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Figure 2. Forest plot of comparison of AR versus NAR for perioperative outcomes of PSM cohort. operative time; (b) operative blood loss; (c) postoperative hospital
stay; (d) complications; and (e) major complications.

Oncological outcomes

Overall survival

I2=358%), so REM was selected to pool the HRs for OS. The
results indicated that OS was significantly better in the AR group
compared to the NAR group (HR=0.71, 95% CI: 0.57-0.88,

All seven included studies (a total of 1801 ICC patients) reported P =0.002) (Fig. 3A). After PSM, five studies with a total of 930
on OSMH1E182830 " Heterogeneity was moderate (P=0.03, patients reported OS!':16-1828] Heterogeneity was not significant
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Figure 3. Forest plot of comparison of AR versus NAR for OS and DFS. (a) OS before PSM; (b) OS after PSM; (c) DFS before PSM; and (d) DFS after PSM.

(I2=0%), and FEM was used for pooling. The results still showed
that the OS of the AR group was significantly better than that of
the NAR group (HR=0.70, 95% CI: 0.59-0.83, P <0.0001)
(Fig. 3B).

Further analysis of entire cohort included six
studies!!-16718:28:301 with a total of 1620 patients (803 in the AR
group and 817 in the NAR group). The combined results showed

the AR group had better 3-year OS (RR: 0.84; 95% CIL
0.71-0.99; P=0.04) (Supplemental Figure S4b, Supplemental
Digital Content 6, http:/links.lww.com/]S9/D544) and 5-year
OS (RR: 0.87; 95% CI: 0.78-0.97; P=0.01) (Supplemental
Figure S4c, Supplemental Digital Content 6, http:/links.lww.
com/JS9/D544). However, there was no significant difference in
the 1-year OS rate between the two groups (RR: 0.88; 95% CIL:
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Figure 4. Forest plot of comparison of AR versus NAR for long-term oncological outcomes of PSM cohort. (a) 1-year OS; (b) 3-year OS; and (c) 5-year OS.

0.66-1.17; P=0.38), with moderate heterogeneity (I2=71%)
(Supplemental Figure S4a, Supplemental Digital Content 6,
http://links.lww.com/JS9/D544).

After PSM, five studies 16718281 encompassing a total of 930
patients, revealed that the AR group had significantly better 1-
year OS (RR: 0.77; 95% CI: 0.64-0.92; P=0.005) (Fig. 4A) and
5-year OS (RR: 0.86; 95% CI: 0.80-0.94; P=0.0006) (Fig. 4C)
compared to the NAR group. The AR group also demonstrated a
benefit in 3-year OS (RR: 0.82; 95% CI: 0.66-1.00), although
this difference was not statistically significant (P =0.06) (Fig. 4B).

Disease-free survival

Five studies, including a total of 1522 patients, reported DFS
outcomes between the AR and NAR groups' 1618281 Moderate
heterogeneity was observed (P=0.08, [2=52%), and REM was
selected to pool the HR for DFS. The results showed that the AR
group had better DFS compared to the NAR group (HR =0.75,
95% CI: 0.62-0.91, P=0.004) (Fig. 3C). After PSM, conducted

in the same five studies!!’1¢18281 No significant heterogeneity
(I*=0%), and FEM was used, the results continued to favor the
AR group, showing significantly better DFS compared to the
NAR group (HR=0.68, 95% CI: 0.58-0.79, P<0.00001)
(Fig. 3D).

Further analysis showed that five studies!' 1618281 before PSM
(735 in the AR group and 787 in the NAR group) reported DFS,
the results showed that the AR group had significantly better 1-
year DFS (RR:0.79;95% CI: 0.71-0.88; P <0.0001), 3-year DFS
(RR: 0.88; 95% CI: 0.80-0.98; P=0.02), and S-year DFS (RR:
0.91;95% CI: 0.84-0.98; P=0.02) compared to the NAR group
(Supplemental Figure S5a—c, Supplemental Digital Content 7,
http:/links.lww.com/]S9/D545).

Post-PSM analysis across five studies! , involving a
total of 930 patients, showed that the AR group had significantly
better 1-year DFS (RR: 0.77; 95% CI: 0.68-0.89; P=0.0002), 3-
year DFS (RR: 0.88; 95% CI: 0.81-0.95; P=0.001), and 5-year
DFS (RR: 0.90; 95% CI: 0.84-0.96; P =0.001) compared to the

11,16-18,28]
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Figure 5. Forest plot of comparison of AR versus NAR for long-term oncological outcomes of PSM cohort. (a) 1-year DFS; (b) 3-year DFS; and (c) 5-year DFS.

NAR group. Heterogeneity was not significant (I2=0%, 18%,
and 35%, respectively), and results were pooled using FEM
(Fig. SA-C).

Univariate and multivariate analysis of entire cohort

Before PSM, four studies reported univariate analysis of
OS!H116:18.301 The results were pooled using REM, indicating that
AR was associated with improved OS (HR=0.67, 95% CIL
0.48-0.95, P=0.02) (Supplemental Figure S6a, Supplemental
Digital Content 8, http:/links.lww.com/JS9/D546). Five
studies!*-16:18:2%30] reported multivariate analysis results for OS,
which also showed that AR was related to the improvement of OS
(HR =0.67, 95% CI: 0.49-0.91, P=0.01; I2=72%,P=0.007)
(Supplemental Figure S6b,Supplemental Digital Content 8, http://
links.lww.com/JS9/D546).

Before PSM, three studies!!»®!%] reported both univariate and
multivariate analysis results for DFS. The univariate analysis

results, pooled using REM, indicated that AR had better DFS
compared to NAR (HR=0.66, 95% CI: 0.51-0.87, P=0.003;
2=62%, P=0.07) (Supplemental Figure S7a, Supplemental
Digital Content 9, http://links.lww.com/JS9/D547). Multivariate
analysis '8! showed similar results, although there was no
statistical difference (HR =0.72, 95% CI: 0.51-1.02, P=0.06;
12=77%, P=0.01) (Supplemental Figure S7b, Supplemental
Digital Content 9, http:/links.lww.com/JS9/D547).

Univariate and multivariate analysis of PSM cohort

After PSM, three studies reported the results of univariate ana-
lysis of OS[!11628] The AR group had a tendency to improve OS
compared to the NAR group, but the difference was not statis-
tically significant (HR=0.78, 95% CI: 0.59-1.04, P=0.09;
2=58%, P=0.09) (Supplemental Figure Séc, Supplemental
Digital Content 8). Four studies reported the results of multi-
variate analysis!*"1%1828] using REM to merge and obtain similar
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Figure 6. The subgroup analysis of AR versus NAR for OS (a) and DFS (b) based on tumor size.

results (HR=0.72, 95% CI: 0.47-1.12, P=0.15; >?=88%)
(Supplemental Figure S6d,Supplemental Digital Content 8,
http://links.lww.com/JS9/D546). Sensitivity analysis revealed
that Ke et al.’s study had a significant impact on heterogeneity.
After excluding this study, heterogeneity was significantly
decreased (I2=33%), and the pooled results using FEM showed
that AR significantly improved OS (HR=0.62, 95% CI:
0.52-0.74, P < 0.00001).

After PSM, three studies!'1%?® reported univariate analysis
results for DFS. The pooled results using FEM showed that AR
had significantly better DFS compared to NAR (HR =0.75, 95%
CL: 0.64-0.87, P=0.0002; I2=0%, P=0.52) (Supplemental
Figure S7c, Supplemental Digital Content 9, http:/links.Iww.
com/]S9/D547). Four studies reported multivariate analysis for
DESI1618281 - and the pooled results still showed that AR
significantly improved DFS (HR=0.68, 95% CI: 0.59-0.79,
P<0.00001; 12=37%, P=0.19) (Supplemental Figure S7d,
Supplemental Digital Content 9, http://links.lww.com/]S9/D547).

Subgroup analysis

Three studies!' 1% conducted subgroup analyses comparing the
prognostic differences between AR and NAR based on tumor
size, including 415 patients with tumors <5 cm and 814 patients
with tumors > 5 cm.

The subgroup analysis of tumors size <5 cm showed no sig-
nificant differences in OS and DFS between the AR and NAR
groups (OS: HR=0.83, 95% CI=0.59-1.18, P=0.30; DEFS:
HR =0.84,95% CI=0.62-1.12, P=0.23) (Fig. 6).

However, for tumors > 35 cm, the AR group had significantly
better OS and DFS compared to the NAR group (OS: HR =0.73,
95% CI=0.55-0.95, P=0.02; DFS: HR=0.67, 95%
CI=0.51-0.87, P=0.003) (Fig. 6).

Publication bias and sensitivity analysis

Potential publication bias was comprehensively assessed using
funnel plots, Begg’s test, and Egger’s test. For the entire cohort,
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the Begg’s test scores for OS and DFS comparing AR and NAR
were 0.764 and 0.806, respectively, and the Egger’s test scores
were 0.873 and 0.802. For the PSM cohort, the Begg’s test scores
for OS and DFS were 0.806 and 0.462, respectively, and the
Egger’s test scores were 0.360 and 0.241. Combined with funnel
plot, no significant publication bias was shown (Supplemental
Figure S8, Supplemental Digital Content 10, http:/links.lww.
com/]S9/D548). Sensitivity analyses also demonstrated that the
results for OS and DFS were robust before and after PSM
(Supplemental Figure S9, Supplemental Digital Content 11,
http:/links.lww.com/JS9/D549).

Discussion

Intrahepatic cholangiocarcinoma (ICC) is a malignant tumor that
located above the secondary branch of the bile duct, accounting
for ~10-15% of primary liver cancer (PLC) casesi332.
Compared to HCC, ICC is more aggressive, with lower resection
rates and a higher likelihood of recurrence!®*34, Radical resection
remains the only potentially curative treatment for ICC, with two
primary surgical options: AR and NAR. Over 30 years ago,
Muccuchi et al. introduced the concept of AR,

Theoretically, the AR involves removing the liver segment
affected by the tumor and the corresponding portal vein area,
so it has more advantages in eradicating small liver
metastases®>**, In contrast, NAR focuses on removing the
tumor while preserving more healthy liver tissue, thereby redu-
cing surgical risks!'”). Both approaches have their merits and
limitations, and numerous studies on HCC have suggested
that AR provides better prognostic outcomes compared to
NARDB®4, However, significant differences exist between ICC
and HCC in terms of tumor origin, tumor biological behavior,
and etiology, raising the question: Can AR also bring better
outcomes for ICC patients? This question warrants exploration.
Currently, the choice between AR and NAR for ICC is still
debated, as the limited studies available have not reached a
consensus!*®'8]. The low incidence of ICC, conducting large-
scale, multicenter studies is challenging. To our knowledge, this
meta-analysis is the first to systematically compare the perio-
perative safety and long-term survival outcomes between AR and
NAR in ICC patients.

To ensure the rigor and completeness of results, we sepa-
rately summarized the relevant outcome indicators for the
entire cohort (before PSM) and the PSM cohort. After PSM,
the baseline characteristics between the AR and NAR groups
were balanced, making the results more reliable. The final
analysis showed no significant differences between the AR
and NAR groups in terms of operative time, intraoperative
blood loss, perioperative complications, and postoperative
hospital stay. However, the AR group demonstrated a sig-
nificant improvement in OS and DFS for ICC, particularly in
DFS, where the AR group showed more stable outcomes at 1,
3, and 5 years in both the entire cohort and PSM cohort
compared to the NAR group. Although the statistical sig-
nificance of the differences in 1-year and 3-year OS between
the AR and NAR groups varied slightly before and after
PSM, the overall trend still indicated better OS in the AR
group. Potential factors such as the small number of included
studies and inherent heterogeneity among them may have
weakened the observed effectiveness of AR. We attempted to

identify sources of heterogeneity through sensitivity analysis
and subgroup analysis, ultimately proving the robustness of
our results.

Given the variability in results across different studies, some
researchers suggest that only specific subgroups of ICC patients
may benefit from AR. Subgroup analyses have been conducted to
compare the efficacy of AR and NAR in various patient cate-
gories, such as those with cirrhosis, differing tumor sizes, Child-
Pugh grades, tumor stages, and lymph node involvement*'1],
After data extraction, we specifically summarized the outcomes
of tumor size subgroups that could be pooled. The results showed
that AR provided prognostic benefits for patients with tumors
larger than 5 cm, while no significant survival benefit was
observed for patients with tumors <35 cm. These findings are
valuable for preoperative clinical decision-making and avoid
unnecessary anatomical resections and minimizing the loss of
healthy liver tissue.

Due to inconsistencies in inclusion criteria and variations in
baseline characteristics, such as cirrhosis, liver function stage,
tumor number, and postoperative adjuvant therapy, biases may
affect the final pooled results. To address this, our meta-analysis
also summarized results for the PSM cohort, providing pre-
liminary confirmation that AR can offer survival benefits in terms
of DFS and OS for ICC patients. However, the broader resection
required for AR involves considerations such as residual liver
volume, liver function, tumor stage, and tumor distribution,
which may limit its clinical application™**!, The decision-mak-
ing of AR still needs to be based on the individual patient’s
condition. It is not difficult to find that in the cohort before PSM,
in most studies!! 51671839 the proportion of cirrhosis patients in
the NAR group is higher than that in the AR group. This may also
be due to the higher requirements of AR for liver function and
residual liver volume, and patients with cirrhosis have a smaller
tolerable resection range, then have to choose NAR resection.
Additionally, besides considering residual liver volume, achieving
an adequate surgical margin remains a crucial factor in liver
resection. Inadequate margins are significantly associated with
early tumor recurrence and worse OS***), Studies have shown
that patients with wider margins have better prognoses compared
to those with narrower margins*®!. Obtaining sufficient margins
often necessitates the removal of more liver tissue, making AR
theoretically more likely to achieve this compared to NAR.
Consequently, larger tumors may be more suitable for AR, as
choosing NAR to preserve more normal liver tissue could result in
inadequate margins. This likely explains why AR showed better
prognoses than NAR in the subgroup analysis of tumors larger
than 5 cm. While for smaller tumors, NAR might also achieve
sufficient margins, diminishing the advantage of AR.
Theoretically, the resection range of AR is larger, and the risk of
postoperative complications such as liver failure is higher.
Multiple studies have also proven this®”*7. Our study results
indicate that in the entire cohort, the risk of complications was
higher in the AR group compared to the NAR group (P =0.04),
although the difference was not statistically significant after PSM
(RR:1.28, 95% CI: 0.78-2.10, P =0.33). Studies*® have shown
that postoperative complications are associated with poorer long-
term outcomes, highlighting the need for careful evaluation when
choosing between AR and NAR. Overall, our study findings have
guiding significance for clinical decision-making. When condi-
tions are appropriate, AR should be considered preferentially
over NAR.
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Limitations

Despite the strength of our findings, several limitations should be
considered. First, the studies included in this meta-analysis vary in
design, inclusion and exclusion criteria, and follow-up durations,
which may introduce unavoidable heterogeneity. Second, due to the
limited availability of relevant research, only seven studies were
included in this study. In addition, all included studies were from
China. This geographic limitation may be due to the lower incidence
rates of ICC in other countries or regions, and the retrospective
nature of these studies could introduce bias into the results. Multiple
centers, prospective, randomized controlled trials, and studies of
other ethnicities are needed to validate these findings and provide
more definitive conclusions. Third, the methods used to indirectly
estimate hazard ratios (HR) as described by Tierney et al®*! may
introduce biases, potentially affecting the accuracy of the results.

Conclusions

Our meta-analysis suggests that AR can improve OS and DFS in
ICC patients, but detailed preoperative evaluation is crucial to
avoid indiscriminate selection of AR. NAR can also be considered
for patients with tumor size <5 cm.Given the limited and het-
erogeneous nature of the included studies, prospective rando-
mized controlled trials are needed to further confirm the actual
effectiveness of AR or NAR.
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