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Abstract

This investigation seeks to scrutinize the relationships between body composition metrics and the clinical
outcomes observed in patients with cholangiocarcinoma (CCA). A comprehensive exploration was conducted
across three prominent online databases: Embase, PubMed, and the Cochrane Library. This endeavor spanned the
entirety of each database up to the cutoff date of September 29, 2023. To evaluate the quality of the included
studies, the Newcastle-Ottawa scale was employed. This comprehensive analysis included a total of 26 articles
with a combined patient cohort of 4398 individuals. The results demonstrated that CCA patients with low skeletal
muscle index (SMI) had significantly inferior OS (HR: 1.93, p<0.001) and RFS (HR: 2.02, p<0.001), as well as a higher
incidence of postoperative complications (OR: 1.69, 95% Cl: 1.20-2.38, p <0.001) compared to those with high SMI.
The presence of sarcopenia in CCA patients was significantly related to poorer OS (HR: 1.96, p<0.001) and RFS

(HR: 2.05, p<0.001), and a higher rate of postoperative complications (OR: 1.39, p=0.049) in comparison to those
without sarcopenia. Moreover, lower psoas muscle index (PMI) and myosteatosis were associated with shorter OS
(PMI, HR: 1.56, p < 0.001; myosteatosis, HR: 1.49, p=0.001) and RFS (PMI, HR: 2.16, p <0.001; myosteatosis, HR: 1.35,
p=0.023). Our findings highlight incorporating body composition screening into clinical practice can help develop

treatment strategies and optimize perioperative care, potentially improving patient outcomes.
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Introduction

Cholangiocarcinoma (CCA) represents a profoundly
lethal primary hepatic malignancy that arises from the
biliary epithelium. CCA can be categorized into three
primary subtypes distinguished by their anatomical ori-
gins: intrahepatic (iCCA), perihilar (pCCA), and dis-
tal (dCCA) [1]. Although CCA is relatively infrequent,
the occurrence of CCA, notably the iCCA subtype, has
demonstrated a consistent rise over the course of the
past forty years [1]. Despite recent advancements in our
comprehension of CCA biology and the identification of
therapeutic targets, there has been limited improvement
in patient prognosis [2]. The median duration of overall
survival (OS) typically falls within the range of 11.7 to 13
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months, and the anticipated 5-year survival rate hovers at
approximately 20% [3, 4].

Given the lack of early symptoms and reliable diagnos-
tic markers, patients frequently seek medical attention
when their condition has already reached an advanced
stage, thereby severely constraining the available thera-
peutic interventions [1, 2]. Surgical intervention stands
as the exclusive, potentially curative approach for indi-
viduals afflicted with CCA [2]. Consequently, the prin-
cipal role of chemotherapy options and complementary
treatments revolves around the extension of survival in
cases where operative procedures are not feasible. There-
fore, the identification of poor prognostic markers and
timely intervention in CCA patients assume paramount
importance in improving the prognosis of this patient
population.

The loss of muscle mass, commonly referred to as
sarcopenia, represents a fundamental characteristic of
individuals experiencing malnutrition. This condition is
frequently observed among elderly cancer patients and
is attributed to an imbalance between inadequate dietary
intake and the heightened metabolic demands of the
tumor [5]. Various methodologies have been employed to
assess sarcopenia, with the skeletal muscle index (SMI) or
psoas muscle index (PMI) emerging as a widely utilized
technique for its measurement. SMI and PMI are cal-
culated by determining the total muscle area and psoas
muscle area, respectively, as visualized on a computed
tomography (CT) scan at the level of the third lumbar
vertebra, and dividing it by the square of the height.

Indeed, sarcopenia has been identified as a potentially
adverse prognostic factor in post-surgery patients with
various malignancies, including esophageal, gastric,
colon, pancreatic, and liver cancer [6-9]. However, it
is noteworthy that no systematic review has been con-
ducted on the implications of body composition or sarco-
penia in patients with CCA. Unlike other types of cancer,
CCA poses distinct challenges in its management due to
its aggressive nature and complex anatomical consider-
ations [10-12].

To address this gap, the present systematic review aims
to answer the following research question: How do pre-
treatment body composition parameters or sarcopenia
influence the prognosis of CCA patients? This question
is critical, as understanding the prognostic value of body
composition parameters or sarcopenia could inform
treatment decisions and patient management strategies,
particularly in identifying high-risk patients who may
benefit from more intensive perioperative care or reha-
bilitation interventions.

The need for a systematic review arises from the lack
of a comprehensive synthesis of current evidence. While
body composition parameters, or sarcopenia, have been
studied as a prognostic factor in several cancer types, no
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review has yet focused on its impact in CCA patients,
despite the unique challenges this malignancy presents.
By systematically reviewing the available literature, this
study aims to fill this gap and provide a clearer under-
standing of whether body composition parameters
or sarcopenia influence long-term outcomes in CCA
patients, which could have important implications for
clinical practice.

Methods

Search strategy

Starting on 29th, September, 2023, we initiated a com-
puterized search of bibliographic databases, which
included EMBASE, PubMed, and the Cochrane Library.
Our search employed specific terms, such as “Bili-
ary Tract Neoplasms” [Mesh], “Bile Duct Neoplasms”
[Mesh], “Cholangiocarcinoma” [Mesh], “Body Composi-
tion” [Mesh], “Skeletal muscle index (SMI)’, “Psoas mus-
cle index (PMI)’, “Sarcopenia’, “Skeletal muscle density
(SMD)’, “Myosteatosis’, “Visceral adipose index (VAI)’
“Intramuscular adipose index (IMAI)}, “Total adipose
index (TAI)} and “Subcutaneous adipose index (SAI)”
This extensive search encompassed “all fields” in these
databases and was limited to human studies published in
the English language. For a more detailed description of
our search strategy, please refer to supplementary mate-
rial 1. Furthermore, we conducted additional searches for
grey literature on Google Scholar and manually scruti-
nized the reference lists of eligible studies. Following the
guidance of the Cochrane collaboration, the results from
both manual and electronic sources were integrated into
the Covidence software for effective data management.

Inclusion and exclusion criteria

We established the following inclusion criteria for the
selection of articles: (i) Studies focused on CCA patients;
(ii) Evaluation of the prognostic significance of base-
line body composition parameters (assessed before the
initiation of therapy); (iii) Reporting of at least one of
the following outcomes: OS, recurrence-free survival
(RES), or postoperative major complications (Clavien
grade=3/3b). These outcomes were chosen because
OS and RES are widely accepted measures of long-term
prognosis in oncology, while major postoperative com-
plications significantly influence short-term recovery
and overall patient outcomes. In contrast, articles were
excluded if they met the following criteria: (i) Studies
of other designs, such as animal studies, reviews, case
reports, or conference abstracts; (ii) Studies where nei-
ther the text nor the published data provided the neces-
sary information to calculate hazard ratios (HR) or odds
ratios (OR) for the specified outcomes. In cases where
multiple studies featured overlapping patient popula-
tions, we favored the selection of articles that presented
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comprehensive data and followed rigorous methodology
[13].

Data extraction and quality assessment

During the process of data extraction, we systematically
gathered essential information, which encompassed
details such as the author’s name, publication year, study
region, study duration, study design, demographic char-
acteristics (including sample size, age, and sex), cancer
type, treatment, reported outcomes, and specifics regard-
ing body composition assessment, such as the methodol-
ogy, site of measurement, analytical software employed,
and cut-off points for analysis. HR, OR, and their cor-
responding 95% confidence intervals (CIs) were pre-
dominantly extracted from multivariate analysis. In cases
where these statistics were not available, we resorted
to univariate analysis or utilized Engauge Digitizer to
extract data from survival analysis charts. To gauge the
quality of observational studies, we applied the New-
castle-Ottawa Scale (NOS) score, which allocated up to
nine points based on quality-related criteria within the
domains of patient selection, study comparability, and
study endpoints. Studies scoring higher than six points
were regarded as high-quality literature. It is important
to note that all stages of this process, spanning literature
retrieval, screening, data extraction, and quality assess-
ment, were carried out meticulously and independently
by three researchers. In cases of disagreement or dis-
pute, these were duly referred to the senior author for
resolution.

Statistical methods

We performed the statistical analysis using Stata 15.0
software. The results were visually represented through
forest plots. Heterogeneity was evaluated using Cochran’s
Q test and I? statistics. Significantly high heterogeneity
was characterized by a p-value<0.1 or an I* value>50%.
In cases of pronounced heterogeneity, we employed a
random-effects model using the DerSimonian-Laird
method. Conversely, in the absence of substantial hetero-
geneity, we applied a fixed-effect model with the Inverse
Variance method. To assess the potential for publication
bias, we utilized Egger’s test [14] and Begg’s test [15].
Sensitivity analysis was carried out by systematically
excluding each study to assess the resilience of the find-
ings. Subgroup analysis was also conducted, taking into
account factors such as Cox regression analysis, cancer
type, and treatment methods.

Results

Search results and included studies

Figure 1 visually presents the outcomes as depicted in
the PRISMA flow diagram. Initially, a total of 578 arti-
cles were identified via database searches and manual
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searches. Following the elimination of duplicate entries,
489 distinct articles were identified. Subsequently, a
meticulous review of the titles and abstracts led to the
exclusion of 436 articles that were deemed ineligible. Of
the remaining pool, 53 articles were subjected to a com-
prehensive full-text review, ultimately including 26 arti-
cles (28 studies) that met established criteria for analysis
[16-41].

Study characteristics

The main characteristics of the studies included in this
analysis are summarized in Table 1. A total of 4,398
patients, with 57.34% of them being males, were included
in the study. The mean or median age of the patients
ranged from 56.4 to 72.0 years, and the sample sizes var-
ied from 41 to 460 individuals. Regarding the geographi-
cal distribution of the studies, twelve were conducted in
Japan, six in China, five in Germany, and two in Korea.
Additionally, there was one cohort each from France,
the Netherlands, and Rotterdam. These cohorts exhib-
ited diversity in terms of the specific CCA types they
enrolled, with thirteen cohorts focused on patients with
iCCA, ten on pCCA, three on dCCA, and one on CCA.
24 cohorts of patients underwent surgical treatment.
Body composition was measured on CT scans at the level
of the third lumbar vertebra in all studies. Furthermore,
the 28 cohorts received NOS scores ranging from 6 to 8,
underscoring a minimal likelihood of bias (Table 1).

Association of baseline skeletal muscle index with overall
and recurrence-free survival

The effect of pre-treatment SMI levels on OS and RFS
in patients with CCA has been investigated in 15 stud-
ies with 2169 patients and six studies with 1156 patients,
respectively. Our study found that patients with low SMI
had significantly worse OS (HR: 1.93, 95% CI: 1.55-2.40,
p<0.001, Fig. 2A) and RFS (HR: 2.02, 95% CI: 1.73-2.36,
p<0.001, Fig. 2B) than those with high SMI. A random-
effects model was used for OS since the Cochran’s Q
test and I* statistics showed significant heterogene-
ity (I’=61.6%, p=0.001). In contrast, a fixed-effects
model was used for RFS as no significant heterogeneity
(I?’=35.0%, p=0.174) existed, suggesting methodological
homogeneity between the studies.

Baseline skeletal muscle index and postoperative
complications

The analysis of the influence of a low SMI on the devel-
opment of postoperative major complications is depicted
in Figure S1A. We considered the heterogeneity to be
low based on the value of I? (I>=9.7, p=0.355), so the
fixed-effects model was applied. The results revealed
that the pooled OR was 1.69 (95% CI: 1.20-2.38), indi-
cating a markedly higher risk of postoperative major
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Fig. 1 The flow diagram of identifying eligible studies

complications for patients with low SMI compared to
those with high SMI. Besides, two studies have explored
the relationship between baseline SMI and liver failure
(International Study Group of Liver Surgery, grade>B),
and the pooled results showed that low SMI does not
lead to a higher incidence of liver failure (OR: 1.64, 95%
CIL: 0.58-4.60, p=0.351, Figure S1B).

Association of baseline psoas muscle index with prognosis
and postoperative major complications

A total of eight studies, involving 1296 patients, were
included in this analysis, examining the impact of base-
line PMI levels on OS or RES in CCA patients. There
was no significant heterogeneity among studies (OS:
>=37.8%, p=0.128; RFS: I’=0, p=0.407), and thus, a
fixed-effect model was used. Our findings demonstrated
that patients with low PMI had significantly inferior OS
(HR: 1.56, 95% CI: 1.33-1.84, p<0.001, Fig. 3A) and PFS

(HR: 2.16, 95% CI: 1.55-3.03, p<0.001, Fig. 3B) com-
pared to those with high PMI.

We also analyzed the relationship between PMI levels
and postoperative major complications in CCA patients
using four studies with 926 patients. Notably, there was
significant heterogeneity among the included studies
(I’=71.1%, p=0.016), so a random-effects model was
employed. The results showed that the incidence of major
complications in patients with low PMI was not signifi-
cantly different from that in patients with high PMI (OR:
1.02, 95% CI: 0.55-1.87, p=0.961, Figure S2).

Baseline myosteatosis and overall and recurrence-free
survival

This analysis included a total of nine studies, encompass-
ing 1608 patients, which investigated the impact of myo-
steatosis on OS or RFS in CCA patients. It’s important to
note that there was significant heterogeneity among the
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Table 1 (continued)

NOS

Cut-off

Methods,
site, and
software

Site Treatment Body

Male/female

Study period Study Sam- Age
ple

Study region

Study

composi-
tions and

design

size

outcomes
PMI(OS,

8

SMI: < 6.4 cm?m?in males and <4.7 cm?/
m? in females; SMD: < 40.6 HU in male and

<354 HU in females

CT, L3,

PHC  Surgery

308/148

69¢

01/2008-12/2018 R 456

Japan

Asai et al.
[34]

PMC), SMD

(0S)

6

<43 cm?m?in male and <41 cm?/m?in

CT, L3,

SMI(OS,

RFS)

05/2006-06/2017 R 65 70 (39-81)° 38/27 PHC  Surgery

Japan

Yasuta et al.

[33]

(2024) 23:145

female in patients with a BMI <25 kg/m?,
<53 cm?/m? in male in patients with a

BMI = 25 kg/m?

SYNAPSE
VINCENT

software
CT, L3,

8

SMI: < 53.5 cm?m? in males and < 39.9

SMI(OS,

Surgery

ICC

302 63(57-69)° 151/151

R

07/2015-07/2021

China

Zhao et al.

cm?/m? in females; SMD: < 41 HU in pa-

Image J

RFS, PMC),
SMD (OS,
PFS)

tients with BMI < 25 kg/m? and <33 HU in

patients with BMI > 25 kg/m?

R, retrospective study; P, prospective study; CCA, cholangiocarcinoma, PHC, perihilar cholangiocarcinoma; ICC, intrahepatic cholangiocarcinoma; DCC, distal cholangiocarcinoma; PMC, postoperative major complications;

software
SMI, skeletal muscle index; SMD, skeletal muscle density; PMI, psoas muscle index; SAl, subcutaneous adipose index; VAI, visceral adipose index; OS, overall survival; RFS, relapse-free survival; L3, third lumbar vertebra

2Mean = standard deviation; "medians with ranges; ‘median and interquartile range; “medians
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OS studies (I°=51.5%, p=0.036), leading to the use of a
random effects model. Conversely, the RFS studies exhib-
ited the opposite pattern, allowing for the use of a fixed
effects model. Our findings indicate that patients with
myosteatosis had notably poorer OS (HR: 1.49, 95% CI:
1.17-1.88, p=0.001, Fig. 4A) and RFS (HR: 1.35, 95% CI:
1.04-1.75, p=0.023, Fig. 4B) compared to those without
myosteatosis.

Pre-treatment subcutaneous adipose index, visceral
adipose index, and overall survival

Two studies involving 201 patients examined the pre-
dictive roles of SAI and VAI on the prognosis of CCA
patients. We found no correlation between the lev-
els of SAI (I*=0, p=0.361, HR: 0.90, 95% CI: 0.63—1.28,
p=0.560, Figure S3A) and VAI (I?=92.2%, p<0.001, HR:
1.35,95% CI: 0.40-4.54, p=0.627, Figure S3B) and the OS
of CCA patients.

Relationship of sarcopenia levels with prognosis and
postoperative major complications
14 studies (2094 patients) used SMI, eight studies used
PMI (1296 patients), and two studies used PMA (102
patients) to diagnose sarcopenia. 24 studies with 3492
patients investigated the association between sarcopenia
and OS, while 11 studies with 1261 patients explored the
RFS. Sarcopenia was shown to be an unfavorable predic-
tor, with the pooled HR for OS being 1.96 (95% CI: 1.65—
2.31) and RFS being 2.05 (95% CI: 1.79-2.36) compared
with those patients without sarcopenia (Fig. 5A and B).
We also investigated the relationship between sarco-
penia and postoperative major complications in CCA
patients using data from 11 studies with 1970 patients.
CCA patients with sarcopenia had a higher probability
of postoperative major complications (OR: 1.39, 95% CI:
1.00-1.94, p=0.049, Figure S4).

Subgroup analysis

Subgroup analysis was performed according to the Cox
regression analysis, cancer type, and treatment (Tables 2
and 3). The results of both univariate and multivariate
analysis consistently supported the prediction of OS and
RFES by SMI, PMI, and sarcopenia (Tables 2 and 3), con-
firming the reliability of our findings. Subgroup analysis
by cancer types revealed that SMI, PMI, and sarcopenia
significantly predicted worse OS in patients with ICC
and PHC, while these factors also significantly predicted
worse RFS in patients with ICC (Tables 2 and 3). Upon
analyzing subgroups based on treatment, we confirmed
that SMI, PMI, and sarcopenia were linked to poorer
OS and RFS in CCA patients who underwent surgery
(Tables 2 and 3).
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Fig. 2 Forest plots of the relationship between skeletal muscle index and
overall survival (A) and recurrence-free survival (B). HR, hazard ratio; Cl,

confidence interval
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Sensitivity analysis and publication bias

Sensitivity analysis and publication bias were first used
to assess the robustness of the relationship between SMI
and survival outcomes. Excluding individual studies did
not significantly impact the pooled HR for OS, which
ranged from 1.88 (95% CI: 1.48-2.38, after excluding Li
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Table 2 Subgroup analysis of the association between baseline body composition and the outcomes for cholangiocarcinoma

Variable Included studies Test of association Test of heterogeneity
HR 95%Cl p-value Modal 12 p-value
Skeletal muscle index (OS)
Cox regression analysis
Multivariate analysis 8 2.36 1.85-3.01 p<0.001 19.9% p=0272
Univariate analysis 7 1.59 1.15-2.20 p=0.005 R 73.3% p=0.001
Cancer type
ICC 7 217 1.68-2.80 p<0.001 54.7% p=0.039
PHC 5 1.54 1.11-2.16 p=0011 47.3% p=0.108
Other 3 202 0.87-4.68 p=0.100 59.6% p=0.084
Treatment
Surgery 13 2.10 1.71-2.58 p<0.001 46.6% p=0.033
Other 2 1.19 0.90-1.58 p=0216 R 0 p=0477
Skeletal muscle index (RFS)
Cox regression analysis
Multivariate analysis 3 1.82 143-233 p=0.002 R 0 p=0.908
Univariate analysis 3 1.97 1.28-2.26 p=0.002 68.6% p=0.041
Cancer type
ICC 5 2.10 1.79-2.46 p<0.001 F 0 p=0.560
PHC 1 0.96 0.48-1.91 p=0.908 - - -
Treatment
Surgery 6 202 1.73-2.36 p<0.001 F 35.0% p=0.174
Psoas muscle index (OS)
Cox regression analysis
Multivariate analysis 6 1.68 1.26-2.24 p<0.001 47.2% p=0.092
Univariate analysis 2 2.99 1.07-8.40 p=0.037 R 0 p=0.632
Cancer type
ICC 3 2.10 1.20-3.67 p=0.009 65.7% p=0.046
PHC 3 1.31 1.01-1.70 p=0.041 R 0 p=0.701
Other 2 212 0.92-4.91 p=0.080 14.0% p=0.281
Treatment
Surgery 6 2.09 1.28-3.39 p=0.001 54.6% p=0.051
Other 2 1.50 1.18-1.90 p=0.003 R 0 p=0.963
Psoas muscle index (RFS)
Cox regression analysis
Multivariate analysis 1 263 1.59-4.35 p<0.001 F - -
Univariate analysis 3 1.85 1.18-2.90 p=0.007 F 0 p=0.393
Cancer type
ICC 2 248 1.60-3.86 p<0.001 F 0 p=0.639
Other 2 1.79 1.07-3.01 p=0.026 F 44.7% p=0.179
Treatment
Surgery 4 2.16 1.55-3.03 p<0.001 F 0 p=0407

PHC, perihilar cholangiocarcinoma; ICC, intrahepatic cholangiocarcinoma; HR, hazard ratio; CL, confidence interval; OS, overall survival; RFS, recurrence-free survival;

R, random-effect model; F, fixed-effect model

et al. [26](D)) to 2.03 (95% CI: 1.65-2.51, after excluding
Van et al. 2019, Figure S5A), and for RFS, which ranged
from 1.89 (95% CI: 1.54-2.31, after excluding Li et al. [26]
(D)) to 2.10 (95% CI: 1.76-2.51, after excluding Zhao et
al. 41, Figure S5B). Begg’s and Egger’s tests did not show
significant publication bias for OS (Egger’s test: p=0.823,
Begg’s test: p=0.767) and REFS (Egger’s test: p=0.307,
Begg’s test: p=0.452).

Similarly, sensitivity analysis and publication bias have
been used to explore the stability and reliability of the
relationship between PMI and sarcopenia and OS and
RES. The results demonstrated that the survival outcome
of the primary analysis was not impacted by removing
any single study (Figure S5C and S5D , Figure S6A and
S6B). The Egger’s and Begg’s tests confirmed the absence
of significant publication bias in OS (PMI, Egger’s test:
p=0.146, Begg’s test: p=0.386; sarcopenia, Egger’s test:
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Table 3 Subgroup analysis of the association between Sarcopenia and the outcomes for cholangiocarcinoma

Variable Included studies Test of association Test of heterogeneity
HR 95%Cl p-value Modal 12 p-value
Skeletal muscle index (OS)
Cox regression analysis
Multivariate analysis 8 2.36 1.85-3.01 p<0.001 19.9% p=0272
Univariate analysis 7 1.59 1.15-2.20 p=0.005 R 73.3% p=0.001
Cancer type
ICC 7 217 1.68-2.80 p<0.001 54.7% p=0.039
PHC 5 1.54 1.11-2.16 p=0011 47.3% p=0.108
Other 3 202 0.87-4.68 p=0.100 59.6% p=0.084
Treatment
Surgery 13 2.10 1.71-2.58 p<0.001 46.6% p=0.033
Other 2 1.19 0.90-1.58 p=0216 R 0 p=0477
Skeletal muscle index (RFS)
Cox regression analysis
Multivariate analysis 3 1.82 143-233 p=0.002 R 0 p=0.908
Univariate analysis 3 1.97 1.28-2.26 p=0.002 68.6% p=0.041
Cancer type
ICC 5 2.10 1.79-2.46 p<0.001 F 0 p=0.560
PHC 1 0.96 0.48-1.91 p=0.908 - - -
Treatment
Surgery 6 202 1.73-2.36 p<0.001 F 35.0% p=0.174
Psoas muscle index (OS)
Cox regression analysis
Multivariate analysis 6 1.68 1.26-2.24 p<0.001 47.2% p=0.092
Univariate analysis 2 2.99 1.07-8.40 p=0.037 R 0 p=0.632
Cancer type
ICC 3 2.10 1.20-3.67 p=0.009 65.7% p=0.046
PHC 3 1.31 1.01-1.70 p=0.041 R 0 p=0.701
Other 2 212 0.92-4.91 p=0.080 14.0% p=0.281
Treatment
Surgery 6 2.09 1.28-3.39 p=0.001 54.6% p=0.051
Other 2 1.50 1.18-1.90 p=0.003 R 0 p=0.963
Psoas muscle index (RFS)
Cox regression analysis
Multivariate analysis 1 263 1.59-4.35 p<0.001 F - -
Univariate analysis 3 1.85 1.18-2.90 p=0.007 F 0 p=0.393
Cancer type
ICC 2 248 1.60-3.86 p<0.001 F 0 p=0.639
Other 2 1.79 1.07-3.01 p=0.026 F 44.7% p=0.179
Treatment
Surgery 4 2.16 1.55-3.03 p<0.001 F 0 p=0407

PHC, perihilar cholangiocarcinoma; ICC, intrahepatic cholangiocarcinoma; HR, hazard ratio; CL, confidence interval; OS, overall survival; RFS, recurrence-free survival;

R, random-effect model; F, fixed-effect model

p=0.164, Begg’s test: p=0.535) and RFS (PMI, Egger’s
test: p=0.809, Begg’s test: p=1.000; sarcopenia, Egger’s
test: p=0.730, Begg’s test: p=0.755). As evident from the
above, our results are both stable and reliable.

Discussion

In our study, we included 28 studies with a total of 4398
patients with CCA. According to the results, forest plots
clearly showed that low SMI, low PMI, myosteatosis, and

sarcopenia could significantly predict worse OS and DEFS.
Low SMI and sarcopenia were also shown to be risk fac-
tors for postoperative major complications.

The etiologies driving the progression of skeletal muscle
loss in advanced cancer patients are intricate [42]. While
in healthy adults, muscle loss is primarily attributed to the
natural aging process, with muscle mass diminishing at
a rate of approximately 1% per annum [43], the accelera-
tion of muscle loss is notably more pronounced when an
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underlying illness, particularly malignancy, is present [43].
Building upon this knowledge, our current investigation
reveals that SMI and sarcopenia exhibit robust potential as
a simplified indicator of unfavorable prognostic outcomes
in CCA patients facing competing mortality risks. In these
individuals, reduced muscle mass not only signifies the
effects of aging but also represents the advancement of dis-
ease, with the latter’s significance remaining independent
of age-related skeletal muscle loss [42, 44]. Typically, the
decline in muscle mass arises from constraints in nutri-
ent intake and availability. Principally, both compromised
dietary intake and impaired nutrient uptake fail to main-
tain metabolic equilibrium [45, 46], while cancer-related
physical inactivity further exacerbates the deterioration in
muscle quality and morphology [47, 48]. Consequently, the
assessment of low SMI or PMI may hold the potential to
offer comprehensive insights for treatment strategies aimed
at extending the survival of such patients, although further
investigations are necessary to validate its clinical utility.

The SMI is regarded as the established gold standard
for quantifying muscle mass in scientific investigations in
alignment with the guidelines set forth by the European
Working Group on Sarcopenia in Older People (EWG-
SOP) [42]. Nevertheless, alternate methods such as bio-
electric impedance analysis (BIA) and dual-energy X-ray
absorptiometry (DXA) are also recognized as conventional
approaches for evaluating muscle mass. BIA entails the
application of a low-intensity alternating electrical current
through the body. Since this current is conducted primar-
ily through bodily water, impedance exhibits an inverse
relationship with total body water, thereby enabling the
computation of total muscle mass. On the other hand,
DXA measures the differential attenuation of X-rays at
two distinct energy levels as they traverse the body. This
method delineates a three-part model of body composition
encompassing fat, bone mineral content, and lean tissue
[49]. However, a previous investigation revealed that BIA
tended to underestimate muscle mass when compared to
DXA measurements [50]. Hence, our current investigation
opted to gauge muscle mass through the SMI and PMI,
which obviated the need for any additional radiation expo-
sure. This is in stark contrast to DXA, as computed tomog-
raphy (CT) scans were regularly performed as part of the
preoperative assessment and cancer staging process.

Some potential rationales underpin the link between
sarcopenia and an adverse prognosis in CCA patients. To
begin, tumors exhibiting heightened metabolic activity,
often associated with a more aggressive phenotype, may
contribute to the development of sarcopenia [51]. Fur-
thermore, the recognition of skeletal muscle and adipose
tissue as secretory organs has expanded our understand-
ing, with a myriad of cytokines and peptides, categorized
as myokines, emanating from skeletal muscle [52]. These
myokines include interleukin (IL)-6, insulin-like growth
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factor-1, and IL-15. In parallel, adipose tissue releases
a repertoire of adipocytokines, known as adipokines,
among which adiponectin and leptin feature promi-
nently [53]. Recent research has highlighted the influ-
ence of myokines and adipokines on the immune system,
particularly on natural killer cells—essential players in
the defense against intracellular infections and cancer
[54]. For example, IL-15 not only restrains fat deposi-
tion and insulin resistance but also plays a pivotal role in
the maturation and viability of natural killer cells [55]. A
decline in muscle mass is anticipated to result in reduced
IL-15 production, thus compromising immune func-
tion. Conversely, an expansion of adipose tissue leads to
an upsurge in pro-inflammatory molecules, including
leptin, tumor necrosis factor-alpha, and IL-6, which, in
turn, hinder the activity of natural killer cells [54]. Addi-
tional mechanisms proposed encompass diminished
mitochondrial oxidative capacity within muscle tissue
[56] and the adipogenic transformation of muscle satel-
lite cells [57]. This intricate interplay between muscle and
adipose tissue, mediated by myokines and adipokines,
coupled with the intricate interrelations of immunity and
inflammation, has more recently emerged as the central
mechanism through which sarcopenia exerts its impact
on patient survival [58]. Thus, such theories as the above
support our finding that low SMI or sarcopenia is an
influential factor in the poor prognosis of CCA.

Several constraints necessitate acknowledgment within
the context of this analysis. To commence, it is imperative to
recognize the paucity of studies that have specifically exam-
ined myosteatosis, SAI, and VAI in the context of CCA,
warranting further confirmation to elucidate their implica-
tions for CCA outcomes. It is crucial to note the variability
in cut-off values employed for identical diagnostic param-
eters across different investigations. Additionally, other
potential sources of bias and confounding factors, such as
patient heterogeneity (in terms of cancer stage, treatments
received, and comorbidities), variations in imaging tech-
niques used to assess body composition, and retrospective
study designs, may have influenced the results.

To furnish more robust and dependable insights, it is
essential that future studies incorporate several key design
improvements. First, large-scale, prospective, multicenter
studies should be conducted to ensure greater generalizabil-
ity of findings, with standardized diagnostic criteria for myo-
steatosis, SAI, and VAL Second, the use of advanced imaging
techniques, such as MRI or CT scans, standardized across
different institutions, would enable more consistent body
composition assessments. Third, patient cohorts should be
stratified by cancer stage, treatment type, and other clini-
cal variables to mitigate the impact of confounders. Lastly,
efforts should be made to explore the mechanistic pathways
linking body composition changes to CCA outcomes, which
could further inform personalized treatment strategies.
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Conclusion

In conclusion, low SMI and sarcopenia were found to be
strongly associated with shorter survival and higher rates
of postoperative complications in CCA patients. These
findings underscore the importance of incorporating sar-
copenia assessments into the routine clinical evaluation
of CCA patients. Early identification of sarcopenia could
enable healthcare providers to tailor treatment strategies
more effectively, including preemptive nutritional inter-
ventions and personalized management plans to mitigate
adverse outcomes. Moreover, our study highlights the
need for further research to validate these findings and
explore the potential benefits of integrating sarcopenia-
targeted therapies into CCA treatment regimens. By
adopting these practices, clinicians can improve patient
outcomes and optimize perioperative care.
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