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Abstract

Background Sarcopenia is associated with poor outcomes in many malignancies. However, the relationship
between sarcopenia and the prognosis of pancreatic cancer has not been well understood. The aim of this meta-anal-
ysis was to identify the prognostic value of preoperative sarcopenia in patients with pancreatic cancer after curative-
intent surgery.

Methods Database from PubMed, Embase, and Web of Science were searched from its inception to July 2023.The
primary outcomes were overall survival (OS), progression-free survival (PFS), and the incidence of major complica-
tions. The hazard ratio (HR), odds ratio (OR), and 95% confidence intervals (Cls) were used to assess the relationship
between preoperative sarcopenia and the prognosis of patients with pancreatic cancer. All statistical analyses were
conducted by Review Manager 5.3 and STATA 17.0 software.

Results A total of 23 retrospective studies involving 5888 patients were included in this meta-analysis. The pooled
results demonstrated that sarcopenia was significantly associated with worse OS (HR=1.53, P<0.00001) and PFS
(HR=1.55, P<0.00001). However, this association was not obvious in regard to the incidence of major complications
(OR=1.33,P=0.11).

Conclusion Preoperative sarcopenia was preliminarily proved to be associated with the terrible prognosis of pancre-
atic cancer after surgery. However, this relationship needs to be further validated in more prospective studies.
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Introduction

Pancreatic cancer is a highly malignant solid tumor with
5-year survival rate less than 10% [1, 2]. In recent years,
its incidence and mortality are still gradually increas-
ing, and it is predicted to be the second leading cause of
cancer-related death in the USA by 2030 [3]. Although
the application of systemic chemotherapy and targeted
therapy has greatly benefited patients with pancreatic
cancer in recent years, surgery remains the only cura-
tive-intent treatment strategy. However, postoperative
survival rate is still unsatisfactory due to its large proba-
bility of recurrence and metastasis [4, 5]. Previous stud-
ies on prognosis following pancreatectomy have mainly
focused on tumor-specific factors such as tumor’s dif-
ferentiation, perivascular invasion, and lymph node
invasion [6—8]. However, their predictive abilities were
skeptical due to the instability of these indicators.

In recent years, there has been increasing interest in the
association between body composition and prognosis due
to its simplicity and practicality. Sarcopenia, referring to
age-dependent reduction in skeletal muscle volume, was
first described in 1989 [9]. Sarcopenia was a kind of pro-
gressive and widespread skeletal muscle disease associated
with an increased likelihood of adverse outcomes, including
falls, fractures, physical disability, and death [10]. It has been
found to be a potential risk factor for morbidity and mortal-
ity in patients with gastrointestinal malignancies [11].

Most patients with pancreatic cancer were prone to
skeletal muscle depletion, leading to reduced tolerance
for postoperative adjuvant therapy [12, 13]. Several
recent studies have attempted to investigate the effect
of sarcopenia on the prognosis of pancreatic cancer, but
the outcomes of these studies have been more or less
controversial [14—17]. Evidence needs to be updated, so
the aim of this systematic review and meta-analysis is
to clarify the relationship between preoperative sarco-
penia and the prognosis of pancreatic cancer.

Materials and methods

The systematic review and meta-analysis followed
Preferred Reporting Items for Systematic Review and
Meta-Analysis (PRISMA) guidelines [18]. The registra-
tion number was INPLASY202390060. The protocol
could be found in Inplasy Protocol 5298 — INPLASY.

Literature search strategy

Two independent reviewers searched PubMed, Embase,
and Web of science from its inception to July 2023.
The language of search results was limited to English.
Subsequently, the two persons checked each other and
tried to reach a consensus. The detailed search strate-
gies are presented in the Additional file 1.
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Inclusion and exclusion criteria
Inclusion criteria were as follows: patients were patholog-
ically diagnosed with pancreatic cancer; sarcopenia was
evaluated by cross-sectional computed tomography (CT)
scan of the third lumbar (L3) vertebra with respective
cut-off values defined by sex before surgery; the meas-
urement method of sarcopenia included skeletal muscle
index (SMI) and psoas muscle index (PMI), as described
in previous studies [19, 20], which represented two most
common measurement methods; the definition of cut-
off values included various standards, such as receiver
operating characteristic (ROC) curves, Martin’s defini-
tion [21], Prado’s definition [22], and lowest quantile;
outcomes were evaluated by prognostic indicators such
as overall survival (OS) and/or progression-free survival
(PES) and the incidence of postoperative complications.
Exclusion criteria were as follows: patients were patho-
logically diagnosed as benign or borderline pancreatic
tumors; sarcopenia was assessed by methods other than
CT, such as bioelectrical analysis (BIA) and dual-energy
X-ray absorptiometry (DXA); the cut-off values for sarco-
penia were not clearly defined; the types of studies were
conference abstracts, case reports, letters, and reviews;
the time to evaluate sarcopenia took place postopera-
tively or the treatment strategy was palliative.

Outcomes

The primary outcomes were OS, PFS, and the incidence
of major complications (grade III-IV) according to the
Clavien-Dindo classification [23]. Secondary outcomes
were the incidence of overall complications (grade I-IV)
according to the Clavien-Dindo classification, as well as
surgery-specific complications including clinically rel-
evant postoperative pancreatic fistula (CR-POPF), post-
pancreatectomy hemorrhage (PPH), delayed gastric
empty (DGE), and surgical site infection (SSI) [24—26].

Data extraction

Two investigators independently extracted the following
information from each study: publishing year, the name
of first author, country, sample size, perioperative treat-
ment (including neoadjuvant and adjuvant therapy), the
measurement approach of sarcopenia, the cut-off values
for sarcopenia, and clinical outcomes.

Assessment of methodological quality

Two independent investigators assessed the quality of the
included studies on the Newcastle-Ottawa Scale (NOS)
[27]. The contents of the scale included case selection,
cohort comparison, and exposure risk assessment. Only
studies with NOS score of six or higher were included in
the final meta-analysis.
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Records identified through Pubmed, Embase and
Web of science database searching
(n=1538)

Records after duplicates removed
(n=960)
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Records screened
(n=578)

Unrelated records excluded

(n=459)

Full-text articles assessed for eligibility

Full-text articles excluded, with reasons (n=96)
-Reviews, meeting abstracts and editorial materials (n=55)
-Measurement method not for CT (n=3)

(n=119)

Studies included in qualitative synthesis
(n=23)

y
Studies included in quantitative synthesis
(meta-analysis)

(n=23)

Fig. 1 Flow diagram of included studies

Statistical analysis

Survival data were evaluated by hazard ratio (HR) and their
95% corresponding intervals (Cls) in multivariate regres-
sion analysis, and categorical variables by odds ratio (OR).
The Cochrane’s Q-test and 7 statistics were used to assess
statistical heterogeneity. The cut-off value of low, moderate,
and high heterogeneity was 25%, 50% and 75%, respectively.
When the value of total heterogeneity exceeded 50%, we
used the random-effect model. Otherwise, the fixed-effect
model was applied. Subgroup analyses stratified by meas-
urement approach of sarcopenia (SMI or PMI), region of
studies (Asia or non-Asia), and definition of cut-off values
(ROC curve, Martin’s definition, Prado’s definition, and low-
est quantile) were performed further to find out the source
of heterogeneity. P<0.05 was regarded as statistically signifi-
cant. In order to explore the possibility of publication bias,
we applied funnel plots and Egger’s test. All analyses were
conducted by Review Manager 5.3 software (Copenhagen:
The Nordic Cochrane Centre, The Collaboration, 2011) and
STATA 17.0 software (College Station, TX).

Results

Study selection

We searched 1538 articles from the electronic databases
(PubMed, Embase, and Web of Science). After removing
duplicates and unrelated studies, 119 full-text studies were

-Undefined cut-off value for sarcopenia (n=8)
-Palliative strategies (n=12)
-Insufficient data (n=18)

assessed for eligibility. Eventually, 23 studies were eligible
for qualitative synthesis after careful examination [14-17,
28-46]. The detailed flow diagram is shown in Fig. 1.

Basic characteristics of included studies

A total of 5888 patients with pancreatic cancer were
incorporated into our meta-analysis. Publication
year of studies ranged from 2012 to 2023. Seventeen
(73.9%) studies were from Asian countries and only
6 (26.1%) from non-Asian countries. The majority of
studies applied SMI to measure sarcopenia. And the
definition of sex-related cut-off values for sarcopenia
included 5 approaches, ROC curves (30.4%), Martin’s
definition (13.0%), Prado’s definition (21.7%), Contal-
O’Quigley method (4.3%), and lowest quantile (30.6%).
The detailed information is listed in Table 1.

Primary outcomes

The relationship between preoperative sarcopenia and OS
The impact of preoperative sarcopenia on OS was explored
in fifteen studies. The pooled HR demonstrated that preop-
erative sarcopenia was significantly associated with worse
0S (HR=1.53, 95% CI 1.41-1.67, P<0.00001; *=15%,
P=0.28) (Fig. 2). Subgroup analyses based on the measure-
ment approach, region of studies, and different definitions
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio SE Weight 1V, Fixed. 95% Cl Year 1V, Fixed, 95% CI
Peng et al. 2012 0.4886 0.1233 11.7% 1.63[1.28,2.08] 2012 -
Amini et al. 2015 0.3784 0.1398 9.1% 1.46[1.11,1.92] 2015
Okumura et al. 2015 0.6898 0.1913  4.9% 1.99[1.37,2.90] 2015 -
Okumura et al. 2017 0.5815 0.1869 5.1% 1.79[1.24,2.58] 2017 -
Ninomiya et al. 2017 0.7453 0.2873  2.2% 2.11[1.20,3.70] 2017
El Amrani et al. 2018 0.7129 0.4008 1.1% 2.04[0.93,4.47] 2018
Choi et al. 2018 0.5784 0.2021 44% 1.78[1.20, 2.65] 2018 -
Gruber et al. 2019 04116 019 4.9% 1.51[1.04,2.19] 2019
Ryu et al. 2020 0.1475 0.1178 12.8% 1.16[0.92, 1.46] 2020 T
Peng et al. 2020 0.9203 0.4545 0.9% 2.51[1.03,6.12] 2020
Rom et al. 2021 0.5486 0.2454 3.0% 1.73[1.07,2.80] 2021
Cai et al. 2022 0.8361 0.3293 1.6% 2.31[1.21,4.40] 2022
Ozkul et al. 2022 0.4502 0.0842 25.1% 1.57[1.33,1.85] 2022 =
Kim et al. 2022 0.3365 0.2069 4.2% 1.40[0.93,2.10] 2022 T -
Shen et al. 2023 0.207 0.1405 9.0% 1.23[0.93, 1.62] 2023 T
Total (95% Cl) 100.0% 1.53 [1.41, 1.67] 4
i CRi2 = - - .12 =159 t t t t
Heterogeneity: Chi? = 16.56, df = 14 (P = 0.28); I = 15% 0.2 05 1 5 5

Test for overall effect: Z=10.12 (P < 0.00001)

Favours [sarcopenia] Favours [non-sarcopenia]

Fig. 2 Forest plot of comparison in overall survival between sarcopenia and non-sarcopenia

of cut-off values confirmed the similar results (all 2<0.05).
And all heterogeneity was moderate or low (Table 2).

The relationship between preoperative sarcopenia and PFS
Six studies evaluated the association between preop-
erative sarcopenia and PFS. The pooled HR showed that
preoperative sarcopenia was strongly related to worse
PFS (HR=1.55, 95% CI 1.31-1.84, P<0.00001; I*=0%,
P=0.67) (Fig. 3). However, we were not able to further
perform subgroup analysis due to the limited available
information.

The relationship between preoperative sarcopenia

and the incidence of major complications

Eighteen studies including 4877 participants explored the
predictive role of preoperative sarcopenia for major com-
plications. Contrary to OS and PFS, preoperative sarco-

of major complications (OR=1.33, 95% CI 0.93-1.89,
P=0.11; P=76%, P<0.00001) (Fig. 4). However, interest-
ingly, subgroup analysis stratified by the different defini-
tions of cut-off values showed the inconsistent results.
The pooled OR of those studies whose cut-off values
were defined by ROC curves demonstrated preoperative
sarcopenia’s strong relevance to the increased incidence
of major complications (OR=2.73, 95% CI 1.35-5.53,
P=0.005; >=0%, P=0.01), but this relevance was not
shown in studies defined by the other three definitions
(Fig. 5, Table 3).

Secondary outcomes

Overall and surgery-related complications

Impact of preoperative sarcopenia on overall complica-
tions was reported in six studies. Preoperative sarcope-
nia was not obviously related to the increased incidence

penia was not obviously associated with high incidence of postoperative overall complications (OR=1.33,
Table 2 Subgroup analysis for overall survival
No. studies Samples HR 95% Cl Pvalue ?

Measurement method

SMI 12 2952 149 1.36-1.63 <0.00001 21%

PMI 3 1550 1.62 1.38-1.91 <0.00001 0%
Region of studies

Asia 12 3499 1.54 141-1.68 <0.00001 31%

Non-Asia 3 1003 1.51 1.22-1.86 0.0001 0%
Definition of cut-off values

ROC curves 5 877 1.69 1.48-1.94 <0.00001 0%

Lowest quantile 2159 145 1.27-1.65 <0.00001 34%

Prado’s definition 4 1119 144 1.18-1.76 0.0003 22%

SMI Skeletal mass index, PMI Psoas mass index, HR Hazard ratio, C/ Corresponding intervals
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Hazard Ratio
Study or Subgroup log[Hazard Ratio SE Weight |V, Fixed, 95% Cl Year
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Hazard Ratio
1V, Fixed, 95% CI

Okumura et al. 2015 04688 0.1723 24.5%  1.60 [1.14, 2.24] 2015 B S
Okumura et al. 2017 04678 0.1542 30.6% 1.60 [1.18,2.16] 2017 ——
Peng et al. 2020 -0.0023 0.3039  7.9% 1.00[0.55, 1.81] 2020
d'Engremont et al. 2021 05771 0.2894 8.7% 1.78[1.01,3.14] 2021
Kim et al. 2022 0.3576 0.2033 17.6% 1.43[0.96, 2.13] 2022 7 -
Cai et al. 2022 0.6467 0.2587 10.9%  1.91[1.15,3.17] 2022
Total (95% ClI) 100.0% 1.55[1.31, 1.84] -

e 2 = - - L2 = (9 t t t t
Heterogeneity: Chi? = 3.21, df =5 (P = 0.67); I = 0% 05 07 1 15 2

Test for overall effect: Z = 5.17 (P < 0.00001)

Favours [sarcopenia] Favours [non-sarcopenia]

Fig. 3 Forest plot of comparison in progression-free survival between sarcopenia and non-sarcopenia

sarcopenia non-sarcopenia

Study or Subgroup Events Total Events Total Weight
Peng et al. 2012 14 74 88 222 6.3%
Okumura et al. 2015 6 64 9 166 4.5%
Amini et al. 2015 38 192 88 571 71%
Nishida et al. 2016 45 132 21 134 6.5%
Takagi et al. 2017 12 55 24 164 5.7%
Okumura et al. 2017 12 120 14 181 5.6%
Ninomiya et al. 2017 91 170 54 95 6.8%
El Amrani et al. 2018 6 50 13 57  4.6%
Wagner et al. 2018 38 145 21 279 6.5%
Choi et al. 2018 5 60 15 120 4.6%
Tankel et al. 2018 5 16 11 45 3.9%
Ratnayake et al. 2019 11 44 12 45 5.0%
Gruber et al. 2019 13 78 7 57 4.9%
Ryu et al. 2020 41 252 65 296 71%
Peng et al. 2020 4 20 15 96  4.0%
Xu et al. 2020 24 59 7 93 5.1%
Rom et al. 2021 7 30 13 81 4.7%
Shen et al. 2023 55 378 28 236 6.9%
Total (95% Cl) 1939 2938 100.0%
Total events 427 505

Heterogeneity: Tau? = 0.40; Chi? = 71.90, df = 17 (P < 0.00001); I* = 76%
Test for overall effect: Z=1.58 (P =0.11)

Odds Ratio
IV. Random. 95% CI Year
0.36[0.19, 0.67] 2012
1.80[0.62, 5.29] 2015 ]
1.35[0.89, 2.06] 2015 7
2.78[1.55,5.01] 2016
1.63[0.75, 3.53] 2017 ]
1.33[0.59, 2.97] 2017
0.87[0.53, 1.45] 2017
0.46 [0.16, 1.32] 2018
4.36 [2.45,7.78] 2018
0.64 [0.22, 1.84] 2018
1.40 [0.40, 4.94] 2018
0.92[0.35,2.37] 2019
1.43[0.53, 3.84] 2019
0.69[0.45, 1.06] 2020
1.35[0.40, 4.60] 2020
8.42[3.33, 21.33] 2020
1.59 [0.57, 4.47] 2021
1.26 [0.78, 2.06] 2023 ]

1.33[0.93, 1.89]

Odds Ratio
1V. Random. 95% ClI

RE—
_—
—_—
—_—
—_—

LA

0.05 0.2
Favours [non-sarcopenia]

5 20
Favours [sarcopenia]

N

Fig. 4 Forest plot of comparison in the incidence of major complications between sarcopenia and non-sarcopenia

95% CI 0.84-2.12, P=0.23; ’=75%, P=0.001). And
the increased probability of surgery-related complica-
tions, including CR-POPE, PPH, DGE, and SSI, was not
observed to have a strong association with preopera-
tive sarcopenia, either (all P>0.05) (Additional file 2).
And the results of subgroup analyses were consistent
(Tables 4 and 5).

Publication bias

The symmetrical distribution of funnel plots showed
no significant risk of publication bias (Additional file 3).
Moreover, Egger’s regression test suggested that pub-
lication bias was insignificant for OS (P=0.757), PFS
(P=0.684), and the incidence of major complications
(P=0.448).

Discussion

We conducted a systematic review and meta-analysis of
23 studies to investigate the relationship between preop-
erative sarcopenia and the prognosis of pancreatic cancer

after radical surgery, including OS, PFS, and the inci-
dence of complications (overall complications and major
complications, as well as four surgical-related compli-
cations including CR-POPF, PPH, DGE, and SSI). Our
results were encouraging, suggesting that preoperative
sarcopenia significantly reduced survival time (OS and
PFES). However, our analysis did not confirm that sarcope-
nia was strongly associated with high incidence of post-
operative complications.

Basically consistent with our results, the first meta-
analysis conducted by Mintziras et al. in patients with
pancreatic ductal adenocarcinoma confirmed that sarco-
penia was strongly associated with worse OS (HR=1.49,
95% CI 1.27-1.74, P<0.001) [47]. However, they did not
exclude those patients with palliative treatment. Moreo-
ver, analyses of the incidence of major complications
and CR-POPF in sarcopenia were not performed due to
limited data. Bundred et al. showed that sarcopenia was
not significantly associated with the incidence of post-
operative complications or CR-POPF [48]. However, of
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26.2%  1.57 [1.33, 1.85]
39.2% 1.69 [1.48, 1.94]
12.3%  1.63[1.28, 2.07]
9.7%  1.46[1.11,1.91]
45% 1.78[1.20, 2.65]
13.4%  1.16[0.92, 1.46]
31%  1.73[1.07, 2.80]
43.0% 1.45[1.27, 1.65]
22%  2.11[1.20, 3.70]
1.2%  2.04[0.93, 4.49]
51%  1.51[1.04,2.19]
9.3% 1.23[0.93, 1.62]
17.8% 1.44[1.18, 1.76]
100.0% 1.54 [1.41, 1.67]
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Fig. 5 Forest plot of comparison in the incidence of major complications between sarcopenia and non-sarcopenia according to different

definitions of cut-off values

the studies they included, only five and two, respectively,
reported the incidence of major complications and CR-
POPE. In addition, the generalization of their results was
limited by the high heterogeneity caused by non-stand-
ardized measurement methods, such as BIA and DXA.
CT could make up for the unavoidable disadvantage of
BIA and DXA to patients caused by repeated doses of

Table 3 Subgroup analysis for the incidence of major complications
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0.2

0.5
Favours [sarcopenia]

1

2
Favours [non-sarcopenia]

5

radiation, and studies have confirmed that CT scan has
been shown to be more sensitive to small changes in
muscle area than DXA [49, 50]. So, based on the recent
consensus from the European Working Group on Sar-
copenia in Older People and the Asian Working Group
for Sarcopenia, CT imaging at the level of the L3 vertebra
represents a standardized method to quantify the skeletal

No. studies Samples OR 95% Cl Pvalue ?

Measurement method

SMI 12 2951 1.13 0.84-1.53 040 47%

PMI 6 1926 1.86 0.77-4.51 0.17 89%
Region of studies

Asia 13 3359 1.30 0.86-1.97 0.21 76%

Non-Asia 5 1518 1.39 0.68-2.82 037 79%
Definition of cut-off values

ROC curves 5 1223 273 1.35-5.53 0.005 69%

Lowest quantile 7 2178 0.92 0.59-1.45 0.73 66%

Martin's definition 2 355 1.70 0.58-5.02 0.33 74%

Prado’s definition 4 121 1.00 0.69-1.45 1.00 19%

SMI Skeletal mass index, PMI Psoas mass index, OR Odds ratio, C/ Corresponding intervals
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Table 4 Subgroup analysis for the incidence of overall complications
No. studies Samples OR 95% ClI Pvalue 2

Measurement method

SMI 3 380 1.29 0.82-2.03 0.27 0%

PMI 3 1483 1.34 0.62-2.87 045 75%
Region of studies

Asia 3 587 1.10 0.66-1.86 0.71 43%

Non-Asia 3 1276 149 0.69-3.23 0.31 86%
SMI Skeletal mass index, PMI Psoas mass index, OR Odds ratio, C/ Corresponding intervals
Table 5 Subgroup analysis for the incidence of surgical related complications

No. studies Samples OR 95% Cl P value P

The incidence of CR-POPF 8 1522 097 0.65-1.44 0.87 42%
Region of studies

Asia 5 1193 0.98 0.54-1.77 0.93 63%

Non-Asia 3 329 0.87 0.50-1.50 061 0%

The incidence of DGE 6 1290 118 0.67-2.08 0.56 54%
Region of studies

Asia 4 1094 1.26 0.53-2.99 0.60 69%

Non-Asia 2 196 1.13 0.57-2.25 0.73 13%

The incidence of SSI 5 1229 1.31 0.75-2.29 0.34 60%
Region of studies

Asia 3 1033 1.53 0.63-3.72 035 77%

Non-Asia 2 196 1.04 0.57-1.90 091 0%

OR Odds ratio, C/ Corresponding intervals, CR-POPF Clinically related postoperative pancreatic fistula, DGE Delayed gastric empty, SS/ Surgical site infection

musculature [51, 52]. Thormann et al. concluded that sar-
copenia was strongly relevant to dismal prognosis in both
radical and palliative settings. Unfortunately, they did not
conduct further subgroup analyses to explore the sources
of heterogeneity [53].

The mechanism of the association between sarcopenia
and poor prognosis has not been well understood. Sar-
copenia is not merely a loss of muscle mass or quantity,
but a disorder that reflects a disorder of immune nutri-
tional status, and its relationship with the tumor micro-
environment is still being studied [54]. Several nutritional
and immune factors were found to have an important
role in people with sarcopenia. Previous studies have
reported that high neutrophil-lymphocyte ratio (NLR)
was an independent indicator of muscle mass loss [45].
A recent meta-analysis showed that in patients with
pancreatic cancer, lower NLR had better OS and PFS in
patients with pancreatic cancer [55]. In addition, several
studies have demonstrated that sarcopenia was associ-
ated with insulin resistance, vitamin D deficiency, ele-
vated levels of inflammatory cytokines (such as tumor
necrosis factor-alpha and interleukin-6), and decreased
concentrations of muscle factors (such as interleukin-15)
[56—-58]. Under the action of the above factors, the body’s

immune system is weakened, and the postoperative
wound healing is poor, thus affecting the risk of postop-
erative complications.

Since sarcopenia is associated with unsatisfactory
postoperative survival rate and high incidence of com-
plications, perioperative intervention is important to
reduce these risks. Nutritional counseling and oral nutri-
tional supplements may also be available as intervention
options for the treatment of cachexia [59, 60]. Studies
have shown that in patients with gastric cancer, preop-
erative exercise and nutritional support programs can
reduce the incidence of sarcopenia and improve postop-
erative outcomes [61].

To analyze the sources of heterogeneity, we performed
subgroup analyses by regions of studies (Asian or non-
Asian), measurement methods of sarcopenia (SMI or
PMI), and definition criteria for sex-specific cut-off
values, respectively. Our subgroup analyses of differ-
ent study regions and measurement methods did not
change the overall results. But interestingly, our research
showed that under the criteria of cut-off values defined
by the ROC curve, preoperative sarcopenia was strongly
associated with worse OS (HR=1.69, 95% CI 1.48-1.94,
P<0.00001) and higher incidence of complications
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(OR=2.73, 95% CI 1.35-5.53, P=0.005). In contrast, the
relationship was less significant or non-significant based
on the criteria of other definitions, such as the lowest
quantile, Prado’s, and Martin’s definition. We speculate
that this phenomenon may be related to the objectivity
and accuracy of ROC curve based on the data itself, free
from external interference. Therefore, this finding may
provide a novel direction for more accurate definition
of cut-off values for sarcopenia in the future. However,
at present, no unanimously accepted cut-off values have
been established for CT-based sarcopenia in Asian pop-
ulations. Therefore, more large-scale studies are needed
in the future to establish standardized cut-off values for
sarcopenia in different populations and confirm these
observations.

We have to admit that our study has several limita-
tions. First, all the studies we included were retrospective
cohort studies. In the future, large-scale randomized con-
trolled trials are needed to further clarify the relationship
between sarcopenia and the prognosis of pancreatic can-
cer. Second, due to the limited information available from
the included studies, we did not conduct more subgroup
analyses of other important indicators that may influence
prognosis, such as tumor’s stage, gender, perioperative
treatment (including neoadjuvant and adjuvant ther-
apy), and surgical procedure. Finally, we did not analyze
biomarkers that might affect muscle quality, such as fat
infiltration and accumulation, because relevant studies
were still insufficient. Sarcopenia reflects a combination
of muscle quantity and mass. However, to the best of our
knowledge, this study is the first meta-analysis to analyze
the relationship between sarcopenia and the prognosis
after radical resection of pancreatic cancer according to
different definition criteria of sarcopenia cut-off values,
which may provide novel direction for accurate explora-
tion in the future.

Conclusion

Preoperative sarcopenia was preliminarily proved to be
significantly associated with the poor prognosis of pan-
creatic cancer patients after radical surgery. However,
this relationship needs to be further validated in more
prospective studies.
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