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SUMMARY

The present meta-analysis aims to evaluate the impact of myosteatosis on overall survival (OS) and progres-
sion-free survival (PFS) in patients with pancreatic cancer (PC). A comprehensive literature search was con-
ducted in the Medline, Web of Science, and Embase databases. The hazard ratio (HR) and corresponding
95% confidence interval (Cl) for the association between myosteatosis and survival outcomes were pooled
using a random-effects model. A total of 14 studies were included. The pooled analysis demonstrated that
myosteatosis was significantly associated to poorer OS (HR: 1.50, 95% CI: 1.35-1.67, p < 0.001; I* = 0%).
The subgroup analysis revealed consistent results across various study characteristics, including
geographic regions, cancer stages, follow-up durations, and study quality. In addition, myosteatosis was
associated to worse PFS (HR: 1.34, 95% ClI: 1.15-1.57, p < 0.001; I? = 34%). The present meta-analysis indi-
cates that myosteatosis is associated to significantly worse OS and PFS in patients with PC.

INTRODUCTION

Pancreatic cancer (PC) is one of the leading causes of cancer-
related mortality worldwide, with a dismal 5-year survival rate
of less than 10%."* The incidence of PC has been steadily rising
in recent decades."® Early-stage PC is often asymptomatic, re-
sulting in late diagnosis and limited therapeutic options.” Present
diagnostic methods include imaging techniques, such as
computed tomography (CT), magnetic resonance imaging, and
endoscopic ultrasound, along with serum biomarkers, such as
CA 19-9, etc.” The treatment typically involves surgical resec-
tion, chemotherapy, and radiation therapy. However, the prog-
nosis remains poor, emphasizing the urgent need to identify
risk factors that contribute to poor survival in PC patients.®’
Myosteatosis, which is characterized by the infiltration of adi-
pose tissue in the skeletal muscle, has emerged as a potential
prognostic factor in various cancers.®° Defined by decreased
muscle density and increased intramuscular fat deposition, my-
osteatosis is detectable by CT scan, particularly at the third lum-
bar vertebra.’®'" The mechanisms underlying myosteatosis
include chronic inflammation, insulin resistance, and hormonal
changes, which can contribute to muscle degradation and
impaired metabolic function.'? In cancer patients, myosteatosis
has been associated to reduced physical function, increased
treatment toxicity, and poorer overall survival (OS) and progres-
sion-free survival (PFS)."® A previous study revealed that myo-

steatosis may adversely influence the survival outcomes in
overall cancer patients.’* However, this influence may vary ac-
cording to the site of cancer.™

Despite the recognition of myosteatosis as a detrimental fac-
tor in several malignancies, such as lung cancer,'® colorectal
cancer, '® gastric cancer,'” and hepatocellular carcinoma,'® its
impact on the survival of PC patients remain underexplored.
Although the majority of evidences suggest a correlation be-
tween myosteatosis and adverse outcomes in PC,'"*® some
studies have failed to identify such correlation.’®=*? In addition,
previous studies that evaluated the association between myo-
steatosis and the survival of patients with PC are often limited
by small sample sizes and heterogeneous methodologies.
Thus, the present meta-analysis aimed to systematically eval-
uate the influence of myosteatosis on OS and PFS in PC patients,
thereby providing a comprehensive synthesis of present
research and identifying potential knowledge gaps.

RESULTS

Study inclusion

The study inclusion process is presented in Figure 1. Briefly, 292
potentially relevant articles were obtained after the comprehen-
sive search of the three databases. Among these articles, 94 ar-
ticles were excluded due to duplication. After the subsequent
screening of titles and abstracts of the remaining articles, 166
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Figure 1. The flowchart depicts the data-
[ Identification of studies via databases and registers ] base search and study inclusion process
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= Association between myosteatosis

articles were further excluded, which were mostly because these
were not related to the aim of the meta-analysis. Then, the full
texts of the remaining 32 articles were reviewed by two indepen-
dent authors. Among these 32 articles, 18 articles were further
excluded (the reasons are listed in Figure 1). Finally, 14 longitu-
dinal follow-up studies were considered to be suitable for the
subsequent quantitative analysis. '

Overview of study characteristics

Tables 1 and 2 present the summarized characteristics of the
included studies. Overall, 14 studies, which involved one prospec-
tive cohort study,”® 12 retrospective cohort studies,'®?'" and
one pose-hoc analysis of clinical study,®> were included in the
meta-analysis. These studies were published between 2015 and
2024 and performed in Japan, Ireland, Korea, China, Israel, the
Netherlands, Germany, the United Kingdom, Turkey, and the
United States. For the diagnosis, patients with localized or resect-
able PC were included in eight studies,'®2%22:23:25:29.31.32 and pa-
tients with advanced or metastatic PC were included in three
studies,”"**?® whereas two studies did not specify the cancer sta-
tus of the patients.”**° A total of 3,693 patients with PC were
included in these studies. The age of male patients varied within
61.20-68.00 years old, and the proportion of male patients ranged
within 47.00%—-65.30%. Furthermore, 13 studies included patients
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and OS

The pooled results of 13 studies

with a randomized-effects model sug-
gested that compared to PC patients without myosteatosis at
enroliment, patients with myosteatosis were associated to
poorer OS (HR: 1.50, 95% CI: 1.35-1.67, p < 0.001; P =0%; Fig-
ure 2A). The further sensitivity analysis to assess the impact of
consistently excluding an individual study revealed similar re-
sults (HR: 1.49-1.52; all, p < 0.05). In particular, the sensitivity
analysis that excluded only one study with a univariate analysis®”
revealed similar results (HR: 1.52, 95% ClI: 1.37-1.70, p < 0.001;
I? = 0%). The further subgroup analysis revealed similar results in
studies from Asian and non-Asian countries (HR: 1.44 vs. 1.63, p
for subgroup difference = 0.25; Figure 2B), for patients with local-
ized/resectable PC and advanced/metastatic PC (HR: 1.51 vs.
1.51, p for subgroup difference = 1.00; Figure 2C), in studies
with a follow-up duration of <24 or >24 months (HR: 1.48 vs.
1.54, p for subgroup difference = 0.73; Figure 3A), and in studies
with NOS scores of 6-7 and 8-9 (HR: 1.47 vs. 1.57, p for sub-
group difference = 0.56; Figure 3B).
Association between myosteatosis and OS
The meta-analysis results for the seven multivariate
studies'%?%2%2528:30:31 jndjcated that myosteatosis was associ-
ated to poorer PFS in patients with PC (HR: 1.34, 95% CI: 1.15-
1.57,p <0.001; /2 = 34%); Figure 4A). The further sensitivity analysis
that excluded one study at a time did not significantly change these
results (HR: 1.30-1.45; all, p < 0.05). The further subgroup analysis

19-30,32
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Table 1. Characteristics of the included patients in each study

Mean
Patient age Tumor Main

Study Country Design Diagnosis number (years) Male (%) Histology stage treatment

Akahori et al.?’? 2015  Japan RC Resectable or 83 65.20 55.40 PDAC NR Neoadjuvant
partial resectable chemoradiotherapy
pancreatic cancer

Okumura et al.’® 2017 Japan RC Localized pancreatic 301 68.00 55.80 NR IA-1IB  Surgical resection
cancer

Griffin et al.” 2019 Ireland PC Resectable or 78 64.20 47.00 PDAC NR Neoadjuvant
partial resectable chemotherapy
pancreatic cancer

Kim et al.?’ 2021 Korea RC Metastatic 330 63.40 64.10 PDAC v Chemotherapy
pancreatic cancer

Peng et al.*® 2021 China RC Pancreatic cancer 116 66.20 58.60 PDAC I-IV Surgical resection

Rom et al.?® 2022 Israel RC Resectable 111 67.00 53.00 PDAC -V Surgical resection
pancreatic cancer

Aziz et al.®' 2022 The Netherlands RC Resectable 415 66.00 53.30 PDAC NR Surgical resection
pancreatic cancer

Kim et al.?* 2022 Korea RC Resectable 347 63.60 58.20 PDAC 1=l Surgical resection
pancreatic cancer

Damm et al.>* 2023 Germany RC Pancreatic cancer 354 68.00 60.00 PDAC -V Comprehensive

and UK treatments

Bi et al.?® 2024 China RC Resectable 215 61.30 61.90 PDAC 1=l Surgical resection
pancreatic cancer

Keyl et al.*® 2024 Germany RC Advanced 601 66.00 55.60 PDAC -V Chemotherapy
pancreatic cancer

Sahin et al.?® 2024 Turkey RC Advanced 196 62.00 65.30 PDAC NR Chemotherapy
pancreatic cancer

Lee et al.”” 2024 Korea RC Metastatic 456 61.20 59.60 PDAC [\ Palliative
pancreatic cancer chemotherapy

Sohal et al.** 2024 USA Post-hoc Resectable 90 63.20 56.70 PDAC NR Surgical resection

analysis  pancreatic cancer

Notes: RC, retrospective cohort; PDAC, pancreatic ductal adenocarcinoma; NR, not reported.

suggested similar results in studies from Asian and non-Asian
countries (HR: 1.42 vs. 1.30, p for subgroup difference = 0.62; Fig-
ure 4B), for patients with localized/resectable PC and advanced/
metastatic PC (HR: 1.37 vs. 1.48, p for subgroup difference =
0.67; Figure 4C), in studies with a follow-up duration of <24
or >24 months (HR: 1.39 vs. 1.34, p for subgroup difference =
0.82; Figure 5A), and in studies with NOS scores of 6-7 and 8-9
(HR: 1.48 vs. 1.32, p for subgroup difference = 0.53; Figure 5B).

Publication bias evaluation

Upon visual inspection, the funnel plots for the meta-analysis of
the relationship of myosteatosis with OS and PFS appeared sym-
metrical, indicating a low likelihood of publication bias (Figures 6A
and 6B). Inaddition, the Egger’s regression test results supported
this conclusion, suggesting low risk of publication bias (for the
outcome of OS, p = 0.79; for the outcome of PFS, p = 0.44).

DISCUSSION

The present meta-analysis investigated the influence of myo-
steatosis on survival outcomes in patients with PC. The present

pooled results obtained from 14 studies, which involved 3,693
PC patients, revealed that myosteatosis is significantly associ-
ated to poorer OS and PFS. Specifically, patients with myostea-
tosis had a 50% higher risk of mortality, and a 34% higher risk of
disease progression, when compared to patients without myo-
steatosis. These findings underscore the prognostic significance
of myosteatosis in PC and highlights the need to consider this
condition in clinical assessments and treatment planning.

The association between myosteatosis and adverse survival
outcomes can be attributed to several underlying mechanisms.
Myosteatosis reflects the increase in intramuscular adipose tis-
sue, which is often accompanied by chronic inflammation,**
oxidative stress,** and metabolic dysfunction.®> These condi-
tions can promote tumor progression and resistance to therapy.
Furthermore, myosteatosis is linked to insulin resistance and
hormonal imbalances, such as altered levels of adipokines and
cytokines,*®*” which may create a tumor-promoting environ-
ment. In addition, muscle degradation associated to myosteato-
sis can lead to decreased physical function, reduced tolerance
to cancer treatments, and overall frailty, contributing to poorer
survival outcomes.®® Finally, a recent study suggested the
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Table 2. Details for the diagnosis of myosteatosis and reported survival outcomes in each included study

Median
Methods for Number of follow-up
myosteatosis patients with  duration ~ Outcomes

Study measurement Definition of myosteatosis myosteatosis (months) reported Variables adjusted

Akahori CT, L3 Lowest quartile of the total 20 37.90 OS None

et al.”® 2015 group HU

Okumura CT, L3 ROC-curve-analysis-derived 144 30.00 OS and Age, gender, BMI, TLC, CRP, albumin,

etal.'® 2017 cut-off, 35.1 HU in men, PFS CA199, sarcopenia (SMI), tumor size,
30.7 HU in women stage, and postoperative outcomes

Griffin CT, L3 <33 HU in patients with 40 24.00 OS Age, gender, BMI, CRP, albumin,

et al.” 2019 BMI >25 kg/m? and <41 HU in CA199, sarcopenia, and Glasgow
patients with BMI <25 kg/m? prognostic score

Kim et al.?’ CT, L3 <33 HU in overweight 85 20.00 OS Age, gender, ECOG PS, BMI, CA199,

2021 patients and <41 HU in and sarcopenia (SMI)
non-overweight patients

Peng et al*®  CT, L3 <33 HU in patients with 46 23.70 OS and Age, gender, BMI, sarcopenia,

2021 BMI >25 kg/m? and <41 HU in PFS diabetes, tumor stage, grade, and R1
patients with BMI <25 kg/m? resection

Rom et al.?® CT, L3 Lowest quartile of the total 25 46.00 OS and Age, gender, BMI, CA199, tumor size,

2022 group HU (men: 44.4 HU, PFS location, stage, surgical outcomes,
women: 34.8 HU) and sarcopenia (SMI)

Aziz et al.>’ CT, L3 Previous literatures defined 177 30.00 PFS Age, gender, BMI, Sll, CRP, CA199,

2022 cut-offs: men 35.5 HU, albumin, tumor stage, differentiation,
women 32.5 HU location, and sarcopenia

Kim et al.?? CT, L3 Contal and O’Quigley method 190 31.80 OS and Age, gender, tumor stage,

2022 derived cut-off (age, gender, PFS differentiation, R1 resection, CA199,
and BMI specified) adjuvant treatment, and sarcopenia

Damm et al.”* CT, L3 Cut-offs adjusted for age, 61 11.20 (OF] Age, gender, BMI, CCl, tumor stage,

2023 gender and BMI (men: 25.2 HU, curative resection, and sarcopenia
women: 16.6 HU)

Bi et al.® CT, L3 <33 HU in patients with 104 40.00 OS and Age, gender, DM, tumor size, location,

2024 BMI >25 kg/m2 and <41 HU in PFS stage, CA199, sarcopenia, and
patients with BMI <25 kg/m2 surgical outcome

Keyletal.”®  CT,L3 Median 300 30.00 0Ss Age, gender, and tumor stage

2024

Sahinetal.”® CT, L3 <33 HU in patients with NR 11.20 OS and Age, gender, BMI, ECOG PS, tumor

2024 BMI >25 kg/m? and <41 HU in PFS stage, albumin, and sarcopenia
patients with BMI <25 kg/m?

Lee et al.”” CT, L3 Median (44.4 HU) 228 11.70 oS Age, gender, CCl, ECOG PS, CA199,

2024 and sarcopenia (SMI)

Sohal et al.*>  CT, L3 Median 45 24.00 OS Age, gender, race, BMI, ECOG PS,

2024 contrast use, and sarcopenia

Notes: CT, computed tomography; L3, the third lumbar vertebrae; HU, Hounsfield unit; OS, overall survival; ROC, receiver operating characteristic;
PFS, progression-free survival; BMI, body mass index; TLC, total lymphocyte count; CRP, C-reactive protein; CA199, carbohydrate antigen 199;
SMI, skeletal muscle index; ECOG PS, Eastern Cooperative Oncology Group Performance Status; SlI, systemic immune-inflammation index; CCl,

Charlson Comorbidity Index; DM, diabetes mellitus; NR, not reported.

potential association between myosteatosis and increased risk
of toxicity in patients with PC on chemotherapy,®® which may
be an important underlying reason for the poor prognosis in
these patients.

The present sensitivity analysis revealed the robustness of the
primary findings, consistently showing the significant association
between myosteatosis and poor OS, even when individual studies
were excluded one at a time. This indicates that the results were
not driven by any single study and reinforces the robustness of
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the present conclusions. Furthermore, the subgroup analysis re-
vealed that the adverse impact of myosteatosis on survival was
consistent across different geographic regions, cancer stages,
follow-up durations, and study quality scores. These consistent
findings across various subgroups suggest that myosteatosis is
a universal risk factor for poor survival in PC patients, regardless
of the demographic or clinical characteristics.

The clinical implications of these present findings are sig-
nificant. Recognizing myosteatosis as a prognostic factor in
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Table 3. Study quality evaluation using the Newcastle-Ottawa scale

Selection Control Control Enough  Adequacy

Representativeness of the non- Outcome  for age for other long of follow-

of the exposed exposed Ascertainment not present and confounding Assessment follow-up up of
Study cohort cohort of exposure at baseline gender factors of outcome duration cohorts Total
Akahori 0 1 1 1 0 0 1 1 1 6
etal.”? 2015
Okumura 1 1 1 1 1 1 1 0 1 8
etal.’? 2017
Griffin 1 1 1 1 1 1 1 0 1 8
etal.?’ 2019
Kimetal?' 0 1 1 1 1 1 1 0 1 7
2021
Peng 0 1 1 1 1 1 1 1 1 8
et al.’® 2021
Rom et al.?® 1 1 1 1 1 1 1 1 1 9
2022
Azizetal® 1 1 1 1 1 1 1 0 1 8
2022
Kimetal.”” 1 1 1 1 1 1 1 0 ; 8
2022
Damm 0 1 1 1 1 1 1 0 1 7
et al.** 2023
Bietal”® 0 1 1 1 1 1 1 1 1 8
2024
Keyletal.”® 0 1 1 1 1 1 1 0 1 7
2024
Sahin 0 1 1 1 1 1 1 0 1 7
et al.”® 2024
Leeetal?” 0 1 1 1 1 1 1 0 1 7
2024
Sohal 0 1 1 1 1 1 1 0 1 7
et al.*? 2024

PC patients can enhance risk stratification and personalize
treatment approaches. Integrating the routine assessment
of myosteatosis using CT scans in clinical practice can
help identify high-risk patients who may benefit from more
intensive monitoring and tailored interventions. Furthermore,
interventions aimed in reducing intramuscular fat deposition,
such as exercise and nutritional programs, can potentially
improve survival outcomes. Given the complex interplay be-
tween muscle quality and cancer prognosis, multidisciplinary
management that involves oncologists, nutritionists, and
physiotherapists is essential. A recent feasibility clinical trial
indicated that integrating dietary assessment and muscle
analysis in a multimodal prehabilitation program is achiev-
able for patients with early-stage surgical lung cancer.*’
However, further investigations through adequately powered
randomized controlled trials are needed to better under-
stand the functional and clinical outcomes for these patients
after intervention. In addition, future research should focus
on elucidating the precise biological mechanisms that link
myosteatosis to poor survival in PC. Longitudinal studies
with standardized criteria for defining and measuring myo-
steatosis are needed to validate the present findings and

establish causality. Investigating the impact of interventions
that target muscle quality on survival outcomes can provide
valuable insights into potential therapeutic strategies.
Furthermore, exploring the role of myosteatosis in combina-
tion with other prognostic factors, such as cachexia and
sarcopenia, can offer a more comprehensive understanding
of muscle-related prognostic markers in PC.

Limitations of the study

The present study had several strengths and limitations. The
main strength of the present study was the comprehensive
literature search conducted, which retrieved 14 up-to-date
studies, according to the aim of the meta-analysis. Nine of
these studies were published within the recent 3 years. Merely
studies with longitudinal follow-ups were considered, allowing
these to derive the sequential relationship between myosteato-
sis and the poor survival of these patients. Finally, a multivariate
analysis was performed for all included studies, except for one
study,”® and the sensitivity analysis that excluded this study re-
vealed similar results, minimizing the influence of potential con-
founding factors on the results of the meta-analysis. Nonethe-
less, limitations exist. The heterogeneity in the definition and
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A Study or Subgrou log[Hazard Ratio SE Weight
Akahori 2015 0.26236426 0.18655585  8.1%
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Griffin 2019 0.63657683 0.26249813  4.1%
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Peng 2021 0.24686008 0.26646558  4.0%
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Bi 2024 0.37156356 0.17433444  9.3%
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B dy or I log[Hazard Rati E Weigh
1.2.1 Asian countries
Akahori 2015 0.26236426 0.18655585  8.1%
Okumura 2017 0.48858002 0.18786836  8.0%
Kim 2021 0.37156356 0.14575059 13.3%
Peng 2021 0.24686008 0.26646558  4.0%
Kim 2022 0.39877612 0.20344571 6.8%
Bi 2024 0.37156356 0.17433444  9.3%
Lee 2024 0.35065687 0.13867741 14.7%
Subtotal (95% CI) 64.4%

Heterogeneity: Tau? = 0.00; Chi? = 0.97, df = 6 (P = 0.99); I> = 0%
Test for overall effect: Z = 5.47 (P < 0.00001)

1.2.2 Non-Asian countries

Griffin 2019 0.63657683 0.26249813  4.1%
Rom 2022 0.64185389 0.26430917  4.1%
Damm 2023 0.42526774 0.1697693  9.8%
Keyl 2024 1.13462273 0.48586531  1.2%
Sahin 2024 0.47000363 0.1610851 10.9%
Sohal 2024 0.27763174 0.22828746  5.4%
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Test for overall effect: Z = 5.48 (P < 0.00001)

Total (95% CI) 100.0%
Heterogeneity: Tau? = 0.00; Chi? = 5.70, df = 12 (P = 0.93); I> = 0%
Test for overall effect: Z = 7.66 (P < 0.00001)
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Figure 2. Forest plots for the meta-analysis of the association between myosteatosis and the overall survival of patients with pancreatic

cancer
(A) Overall meta-analysis.
(B) Subgroup analysis according to study country.

(C) Subgroup analysis according to the status of cancer. Data are represented as HR and 95% CI.
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Figure 3. Forest plots for the subgroup analysis of the association between myosteatosis and the overall survival of patients with pancreatic

cancer

(A) Subgroup analysis according to follow-up duration.
(B) Subgroup analysis according to the Newcastle-Ottawa scale (NOS) score. Data are represented as HR and 95% CI.
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Figure 4. Forest plots for the meta-analysis of the association between myosteatosis and the progression-free survival of patients with
pancreatic cancer

(A) Overall meta-analysis.

(B) Subgroup analysis according to study country.

(C) Subgroup analysis according to the status of cancer. Data are represented as HR and 95% CI.
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Figure 5. Forest plots for the subgroup analysis of the association between myosteatosis and the progression-free survival of patients

with PC
(A) Subgroup analysis according to follow-up duration.

(B) Subgroup analysis according to the Newcastle-Ottawa scale (NOS) score. Data are represented as HR and 95% CI.

measurement of myosteatosis across studies might have influ-
enced the pooled estimates. Although a random-effects model
was used to account for this variability, standardization in as-
sessing myosteatosis would improve the comparability in future
research. In addition, the observational nature of the included
studies limited the ability to establish causality between myo-
steatosis and survival outcomes. Furthermore, residual con-
founding factors, such as variations in treatment protocols
and patient comorbidities, may have impacted the observed
associations. Finally, 13 of the included studies had a retro-

spective design, which may be associated to recall and selec-
tion biases. These findings should be validated through large-
scale prospective studies.

Conclusions

In conclusion, the present meta-analysis provides pilot evidence
that myosteatosis is associated to significantly poorer survival in
patients with PC. These findings highlight the importance of
considering myosteatosis in the prognostic assessment and
management of PC patients. As the burden of pancreatic cancer
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continues to rise, integrating myosteatosis assessments in clin-
ical practice may be important in enhancing patient outcomes
and guiding therapeutic strategies.
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STARXMETHODS
KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER
Deposited data
PubMed https://pubmed.ncbi.nim.nih.gov/ N/A
EMBASE https://www.embase.com/ N/A
Web of Science https://www.webofscience.com/wos/author/ N/A
search
Software and algorithms
Stata software Version 12.0 Downloaded STATA software https://www.stata.com/products/
Review Manager 5.4 The Cochrane Collaboration https://revman.cochrane.org/info

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS
The study did not use experimental models typical in the life sciences.
METHOD DETAILS

The investigators adhered to the guidelines outlined in PRISMA 2020,%"*2 and the Cochrane Handbook for Systematic Reviews and
Meta-analyses*® throughout the present meta-analysis, which comprised the study design, data collection, statistical analysis, and
interpretation of results. The protocol of the meta-analysis was registered at the International Prospective Register of Systematic Re-
views (Registration code: CRD42024563270).

Literature search

In order to identify studies relevant to the aim of the meta-analysis, the Medline, Web of Science, and Embase databases were
searched using the following comprehensive search terms: (1) “myosteatosis” OR “muscle density” OR “muscle attenuation” OR
“intramuscular adipose tissue content” OR “intramuscular adipose tissue infiltration” OR “intramuscular adipose tissue deposition”
OR “intramuscular fat content” OR “intramuscular fat infiltration” OR “intramuscular fat deposition”; (2) “pancreatic” OR
“pancreas”; (3) “neoplasms” OR “carcinoma” OR “cancer” OR “tumor” OR “malignancy” OR “adenoma” OR “adenocarcinoma”.
Merely studies published as full-length articles in the English language in peer-reviewed journals were included. The full search stra-
tegies for each database used in the meta-analysis are provided in Table S1. In addition, the references of relevant original and review
articles were manually examined for potential pertinent studies. Literature published from the inception of the database until May 26,
2024 were reviewed.

Inclusion and exclusion criteria
The inclusion criteria were designated according to the PCIOS principle for potential studies, as follows:

P (patients): patients with confirmed diagnosis of PC, with no limitations on tumor stage or main treatment; | (exposure): patients
with myosteatosis at baseline, and the methods and cut-off values for defining myosteatosis were consistent with the criteria used in
the original studies; C (comparison): patients without myosteatosis at baseline;

O (outcome): survival outcomes, including OS and/or PFS, which were compared between patients with and without myosteatosis
at baseline (In general, OS was defined as the time from enrollment to the date of death from any cause, and PFS was defined as the
interval between the enrollment and first recurrence/progression of PC.); S (study design): observational studies with longitudinal
follow-up, such as cohort studies, nested case-control studies, and post-hoc analysis of clinical trials (Reviews, editorials, meta-an-
alyses, preclinical studies, cross-sectional studies, studies that included other cancer patients rather than PC, studies that did not
evaluate myosteatosis, and studies that did not report the survival outcomes were excluded. If studies with overlapping populations
were retrieved, the one with the largest sample size was included in the meta-analysis.).

Study quality evaluation and data extraction

The literature search, study identification, study quality assessment, and data collection were independently carried out by two au-
thors. In the screening process for the present meta-analysis, the titles and abstracts of the retrieved articles were independently
reviewed by two authors based on the predefined inclusion and exclusion criteria. Then, the full-text articles of potentially relevant
studies were assessed by the same authors, with any disagreements resolved through discussion or consultation with a third author.
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EndNote (version X4) was used to organize the references, track inclusion/exclusion decisions, and remove duplicates. In order to
minimize bias, the screening was performed with blinding, where feasible. The authors involved in the screening process were
blinded to the identities of the other reviewers’ decisions to reduce potential bias. However, since some disagreements required dis-
cussion and consensus, full blinding was not always maintained throughout the process. Duplicates were initially removed using the
automated deduplication function of EndNote, followed by manual checks, in order to ensure that each study was reviewed only
once. In order to evaluate the quality of the included studies, the Newcastle-Ottawa scale (NOS)** was utilized, which assesses three
aspects, namely, the selection of the population, control of confounders, and outcome measurement and analysis. The NOS scores
ranged within 1-9, with 9 indicating superior quality. The following data were extracted from each study for the subsequent analysis:
study information (author, year, country and design), patient and cancer characteristics (diagnosis, sample size, age, gender, histol-
ogy, tumor stage, and main treatment), methods for evaluating myosteatosis, number of patients with myosteatosis, follow-up dura-
tion, survival outcomes reported, and variables adjusted when reporting the association between myosteatosis and the survival out-
comes of patients with PC.

QUANTIFICATION AND STATISTICAL ANALYSIS

The relationship between myosteatosis and the survival outcomes of patients with PC was summarized using hazard ratio (HR) and
the corresponding 95% confidence interval (Cl), and compared between subjects with and without myosteatosis at enroliment. The
HRs and its standard errors were computed based on the 95% Cls or p-values, followed by logarithmic transformation for variance
stabilization. Heterogeneity among studies was evaluated using the Cochrane Q test and I statistics,*® where /2 > 50% indicated
significant statistical heterogeneity. The findings were combined using the random-effects model that accounted for the potential
influence of heterogeneity.*® A sensitivity analysis that involved the exclusion of one study at a time was conducted to assess the
robustness of the results. Predefined subgroup analysis was carried out to determine how the study characteristics influenced
the outcome, such as the study country, cancer stage (localized/resectable vs. advanced/metastatic PC), follow-up duration, and
study quality score. The median values of continuous variables were used as cut-offs in defining the subgroups. Publication bias
in the meta-analysis was assessed by constructing funnel plots, along with visual inspection, for plot symmetry.“® In addition, Egger’s
regression test was performed.“® The statistical analysis was conducted using RevMan (Version 5.1; Cochrane Collaboration, Ox-
ford, UK) and the Stata software (version 12.0; Stata Corporation, College Station, TX, USA).
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