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Abstract: Low muscle mass is associated with reduced survival in patients with different cancer
types. The interest in preoperative sarcopenia and pancreatic cancer has risen in the last decade
as muscle mass loss seems to be associated with poorer survival, higher postoperative morbidity,
and mortality. The aim of the present study was to review the literature to compare the impact of
low muscle mass on the outcomes of patients undergoing surgery for pancreatic adenocarcinoma.
An extensive literature review was conducted according to the 2009 Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines and 10 articles were analyzed in detail
and included in the meta-analysis. Data were retrieved on 2811 patients undergoing surgery for
pancreatic cancer. Meta-analysis identified that patients with low muscle mass demonstrated a
significantly reduced OS when compared to patients without alterations of the muscle mass (ROM
0.86; 95% CI: 0.81–0.91, p < 0.001), resulting in a 14% loss for the former. Meta-analysis failed to
identify an increase in the postoperative complications and length of stay of patients with low muscle
mass. Our analysis confirms the role of low muscle mass in influencing oncologic outcomes in
pancreatic cancer. Its role on surgical outcomes remains to be established.

Keywords: low muscle mass; sarcopenia; pancreatic adenocarcinoma; pancreatic cancer; pancreatic
surgery; body composition

1. Introduction

Skeletal muscle accounts for 40–50% of the total mass in healthy-weight individuals [1]
and serves as a body protein reservoir [2]. It is a plastic and highly adaptive organ that can
increase or decrease its size, functional capacity, and metabolism in response to different
pathophysiological stimuli. Since the muscle is an endocrine and exocrine organ, its
adaptations have an impact on the entire organism’s well-being and the muscle metabolic
state has been proposed as a disease modifier [2–4].

Pathological conditions such as cancer compromise the mechanisms that regulate
muscle homeostasis, resulting in severe muscle wasting, functional impairment, and altered
metabolism, impacting profoundly on the health of the host and leading to cancer cachexia
syndrome.

Low muscle mass (‘secondary’ or disease-related sarcopenia) [5] is part of the diagnos-
tic criteria to define cancer cachexia in association with body weight loss and body mass
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index (BMI) [6], and is associated with increased treatment toxicity and reduced survival
in patients with different cancer types. In addition to low muscle mass, low muscle quality
characterized by fatty infiltration (myosteatosis) is a predictor of poor outcomes after
resection of various malignancies including pancreatic cancer [7–15].

The prognosis for pancreatic cancer is generally poor, with five-year survival rates in
the range of 6% to 10% [16,17]. Radical surgical resection represents the only potential cure.
Over the years, advances in surgical technique and perioperative care have led to progres-
sive improvements of outcomes after pancreatectomy for cancer. However, postoperative
morbidity rates remain high; up to 40% of patients will experience complications after
surgical resection [18]. Several studies have focused on investigating preoperative factors
that are able to influence postoperative course and secondary sarcopenia has been proposed
as a patient-related condition with potential impacts on short and long-term surgical out-
comes [19]. In fact, the interest in preoperative sarcopenia and pancreatic cancer has risen
in the last decade as muscle mass and adipose tissue loss seems to be associated with higher
postoperative morbidity and increased mortality [8,20,21]. Moreover, among solid tumors,
pancreatic cancer carries the highest prevalence of cancer cachexia and involuntary weight
loss [22]. Patients with cancer are prone to metabolic modifications, such as the Warburg
effect, leading to a dramatically altered nutrient utilization [19]. Furthermore, in the case
of pancreatic cancer patients, malnutrition is worsened by the exocrine insufficiency that
might ensue [10].

There are multiple radiological methods that have been approved to perform body
composition analysis, evaluate muscle mass, and define sarcopenia such as computed to-
mography (CT), magnetic resonance imaging (MRI), and dual energy X-ray absorptiometry
(DXA). DXA is not usually available in cancer settings, though, and it cannot discriminate
visceral adipose tissue, decipher changes between tumor mass and lean muscle mass, and
it has decreased precision in obese patients [23]. Computed tomography (CT) scans have
been used and proposed as the gold standard to evaluate cancer-associated changes in body
composition and its association with the prognosis [11,24]. Indeed, the imaging resolution
of adipose, skeletal muscles, and the precision of measures of a tissue cross-sectional area of
a CT scan is excellent. Moreover, it is a practical choice as CT images are routinely acquired
in the standard care of cancer patients and can provide information on body composition
over time without incremental cost or radiation exposure [24]. CT scan analyses quantify
skeletal muscle mass and other tissues, such as adipose or connective tissue, allowing
the detection of low mass and decreased muscle radiodensity due to myosteatosis. CT
image analyses reveal low levels of muscle also in individuals who are overweight or obese
(sarcopenic obesity) [24–27].

The aim of the present study was to review the published literature to compare the
impact of low muscle mass (evaluated by CT scan) on the short and long-term outcomes in
patients with pancreatic ductal adenocarcinoma (PDAC) undergoing surgery.

2. Materials and Methods
2.1. Literature Search Strategy

Eligibility criteria were established a priori. A systematic search of literature published
in English from January 2010 to September 2020 was performed to identify all original
articles on patients undergoing surgical resection of PDAC in which a preoperative ab-
dominal CT scan was used to assess skeletal muscle mass. The Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were followed [28]. The
following terms were used to search through the literature (PubMed and Web of Science
databases): ‘sarcopenia’, ‘analytic morphomics’, ‘body composition’, ‘muscle depletion’,
‘muscle mass’, ‘psoas area’, ‘myopenia’, ‘core muscle’, ‘lean body mass’, or ‘muscular
atrophy’, and ‘pancreatic cancer’, ‘surgery’, ‘pancreatic resection’, or ‘pancreatectomy’.
The “related articles” function and all citations were used to broaden the search. Three
independent researchers (ESP, LM, and GZ) reviewed the relevant titles. After excluding
duplicates, abstracts were reviewed and included for initial analysis if the inclusion cri-
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teria were met. Records without abstracts, case reports, review articles, opinion articles,
and experimental studies were excluded. In case of disagreement, a fourth author (MV)
participated in the discussion. A manual search of the reference lists in precedent reviews
and eligible articles was also performed.

2.2. Inclusion and Exclusion Criteria

Inclusion criteria were: (1) studies reporting the assessment of body composition by
CT scan in human subjects with PDAC receiving surgical treatment; (2) body composition
defined as total muscle area or total psoas area/volume at the lumbar level; (3) studies
reporting on the prevalence of muscle alterations and at least one of the following outcomes:
postoperative mortality, postoperative complications, length of hospital stay (LOS), disease-
free survival (DFS), and overall survival (OS); and (4) studies published in English.

Exclusion criteria were: (1) review articles or case series (<5 patients); (2) publications
comprising of patients with either a benign or malignant disease in which the surgical and
oncological outcome were not presented separately; and (3) body composition analyzed
using methods other than those described in the inclusion criteria (e.g., MRI, DEXA, etc.).

2.3. Measured Outcomes and Data Extraction

Data were registered in digital sheets. Data regarding authors, year of publication,
country of publication, study type, characteristics of populations and of their present
disease, muscle mass evaluated, cut-offs’ selection, muscle loss prevalence, incidence of
major complications (graded ≥2 according to Clavien–Dindo classification [29]), DFS, and
OS were retrieved. When reported by the authors, data regarding sarcopenic obesity,
myosteatosis prevalence, and impact on outcomes were collected.

2.4. Terminology and Definitions

Regarding low muscle mass, the CT scan-determined muscle parameters, cut-off
values used, muscles, and vertebral level analyzed to define low muscle mass (secondary
sarcopenia) in the papers considered are reported in Table 1 and discussed in the results
section. Sarcopenic obesity is defined as sarcopenia accompanied by obesity (an increase in
the adipose tissue) [30]. The definitions of sarcopenic obesity used in the papers considered
are reported in Table 1. Myosteatosis is the skeletal muscle fat infiltration diagnosed by CT
scan-determined low muscle radiodensity (radiation attenuation in Hounsfield units). The
cut-off values used to define myosteatosis in the papers considered are reported in Table 1.
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Table 1. Terminology and definitions of sarcopenia in the included studies.

Author Measurements of
Skeletal Muscle

Criteria to Define
Sarcopenia Cut-Off Values Males Cut-Off Values Females Definition of

Sarcopenic Obesity Definition of Myosteatosis

Peng P et al. [31] TPA (L3) Quartiles Lowest quartile:
492 mm2/m2

Lowest quartile:
362 mm2/m2 Sarcopenia + BMI ≥ 30 kg/m2 -

Amini et al. [32] TPA (L3) and
TPV (L3) Quartiles

Lowest quartile
TPA: 564.2 mm2/m2

TPV: 17.2 cm3/m2

Lowest quartile
TPA: 414.5 mm2/m2;

TPV: 12.0 cm3/m2
Sarcopenia + BMI ≥ 30 kg/m2 -

Clark et al. [33] CSAPM/CSAL5 Linear regression analysis
with survival - - - -

Delitto et al. [34] CSAPM/CSAL3 Linear regression analysis
and Median CSAPM/CSAL3 < 0.58 CSAPM/CSAL3 < 0.58 - -

Okumura et al. [35] SMI Self-determined cut-offs (in
relation to 3-year mortality) 47.1 cm2/m2 36.6 cm2/m2 Low SMI + VFA ≥ 100 cm2 <35.1 HU (Male)

<30.7 HU (Female)

Ninomiya et al. [36] SMI Prado 2008 [26] (only for
females) 43.75 cm2/m2 38.5 cm2/m2 Sarcopenia + BMI ≥ 22 kg/m2 -

Sugimoto et al. [37] SMI Quartiles Lowest quartile Lowest quartile - -

Choi et al. [38] SMI Tertiles Lowest tertile
45.3 cm2/m2

Lowest tertile
39.3 cm2/m2 - <40.8 HU (Male)

<33.9 HU (Female)

Gruber et al. [39] SMI Prado 2008 [26] 52.4 cm2/m2 38.5 cm2/m2 Sarcopenia + BMI ≥ 25 kg/m2 -

Peng YC et al. [40] SMI Choi 2015 [41] 42.2 cm2/m2 33.9 cm2/m2 Sarcopenia +VAT/TAMA ≥ 2

<41 HU with
BMI < 25 kg/m2

<33 HU with
BMI ≥ 25 kg/m2

TPA (L3): total psoas area measured at the level of L3 normalized for the square of the height; TPV (L3): total psoas volume measured at the level of L3 normalized for the square of the height. A total of
55 cm of the total psoas length was assessed in Amini et. al.; CSAPM/CSAL5: cross-sectional area of the psoas muscle at the L5 vertebral level standardized to the L5 cross-sectional area of the body (CSAL5);
CSAPM/CSAL3: cross-sectional area of the psoas muscle at the L3 vertebral level standardized to the L3 cross-sectional area of the body (CSAL3); SMI (skeletal muscle index): cross-sectional area of the muscle at
the L3 level normalized for the square of the height; VFA: visceral fat area; VAT/TAMA: visceral adipose tissue area/total abdominal muscle area at the L3 vertebral level.
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2.5. Statistical Analysis

Three meta-analyses were conducted in line with the Cochrane Collaboration guide-
lines on the meta-analysis of observational studies in epidemiology [42,43]. The first
analysis focused on OS in months, the second on the prevalence of major complications
according to the Clavien–Dindo classification (≥2), and the third on the length of hospital
stay after pancreatic surgery in patients with or without muscle loss.

A fixed-effect meta-analytical model was used for OS and major complications,
whereas a random-effects meta-analytical model was used for LOS. OS was retrieved from
the published studies as median values and ranges and converted into means and standard
deviations (SD) using appropriate statistical algorithms according to Hozo et al [44]. The
analysis requires the specification of maximal and minimal survival which was extrapo-
lated from the figures for the purpose of this study when not clearly reported in the paper.
LOS was already reported in means and SDs. Major complications are reported as percent-
ages. The effect on the endpoints were meta-analyzed either as mean difference (MD) or as
ratio of means (ROM) [43]. Values of MD < 0 or ROM < 1 indicate a disadvantage in the
survival for patients with low muscle mass. The opposite holds true for the prevalence of
major complications and mean LOS. Cochran’s Q statistic and the I2 statistic were used to
test between-study heterogeneity [45]. If the Q statistic was significant at the 0.5 level, the
summary effect and corresponding 95% confidence interval (CI) were obtained with the
Mantel–Haenszel random effects model [46]. For I2 < 50%, between-study heterogeneity
was judged to be low-moderate, while for I2 ≥ 50% it was considered substantial. The
point estimate of MD and ROM was considered statistically significant when p was <0.05.
Publication bias was assessed visually using a funnel plot and the number of missing
studies was estimated using the trim-and-fill method [43].

All analyses were conducted using R version 3.5.2 [47].

3. Results

The search flowchart is presented in Figure 1. A total of 5711 article titles were
reviewed by following the inclusion and exclusion criteria set beforehand and after a related
article and cross-reference search, a total of ten original articles in English were included
in the present review. All articles were single-center retrospective cohort studies with a
total of 2811 patients with PDAC undergoing surgery with curative intent. Amini et al. [32]
ran two separate analyses with two different low muscle mass definitions according to the
total psoas area (TPA) or total psoas volume (TPV), hence they were included individually
in the meta-analysis. Studies’ characteristics are depicted in Table 2, while data used for
the meta-analyses are reported in Table 3.
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Figure 1. Studies’ inclusion flowchart according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [28].

Table 2. Characteristics of the studies included in the systematic review.

Author Year Country Study Accrual Period Study Type Patients (n)

Peng P et al. [31] 2012 Baltimore, USA 1999–2010 RCS 557

Amini et al. [32] 2015 Baltimore, USA 1996–2014 RCS 763

Clark et al. [33] 2016 Tampa, USA 2004–2012 RCS 100

Delitto et al. [34] 2016 Gainesville, FL, USA 2010–2014 RCS 73

Okumura et al. [35] 2017 Kyoto, Japan 2004–2015 RCS 301

Ninomiya et al. [36] 2017 Nagoya, Japan 2005–2014 RCS 265

Sugimoto et al. [37] 2018 Rochester, MN, USA 2000–2015 RCS 323

Choi MH et al. [38] 2018 Seoul, Korea 2008–2015 RCS 180

Gruber et al. [39] 2019 Vienna, Austria 2005–2010 RCS 133

Peng YC et al. [40] 2020 Taipei, Taiwan 2005–2018 RCS 116

RCS = retrospective cohort study.
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Table 3. Studies included in the quantitative analyses and outcomes used for the three meta-analyses.

Author Low Muscle Mass N pts OS Mo (Range) p Major Complications n (%) p LOS Days (Range) p

Peng P et al. [31] Yes 139 13.7 0.01 21 (15.1) NS 12 0.980
No 418 18 83 (19.9) 12

Amini et al. (TPA) [32] Yes 192 18.0 <0.001 38 (19.8) 0.16 9 (7–15) 0.05
No 571 28.4 88 (15.4) 8 (7–13)

Amini et al. (TPV) [32] Yes 152 17.0 <0.001 34 (22.4) 0.03 10 (7–15.5) 0.002
No 611 26.7 92 (15.1) 8 (7–13)

Clark et al. [33] Yes NA NR NR NR
No NA NR NR NR

Delitto et al. [34] Yes NA NA 0.001 NR NR
No NA NA NR NR

Okumura et al. [35] Yes 120 NA <0.001 12 (10) 0.493 NR
No 181 NA 14 (7.7) NR

Ninomiya et al. [36] Yes 170 23.7 0.185 91 (53.5) 0.541 NR
No 95 25.8 54 (56.8) NR

Sugimoto et al. [37] Yes 80 23 0.075 NR NR
No 243 26 NR NR

Choi et al. [38] Yes 60 13.9 0.031 5 (8.3) 0.402 15.6 ±7.9 0.303
No 120 21.9 15 (12.5) 17.2 ±10.8

Gruber et al. [39] Yes 78 14 (11–17) 0.016 13 (16.7) 0.531 14 0.243
No 55 20 (14–26) 7 (12.7) 11

Peng YC et al. [40] Yes 20 11.6 0.009 4 (20) 0.630 32 ±22.5 0.51
No 96 26.6 15 (15.6) 27.6 ±27.5

OS: overall survival; Mo: months; LOS: length of hospital stay; NA: not available; NR: not reported; and NS: non-significant p value.
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3.1. Low Muscle Mass Definitions

Six articles defined muscle mass as the area occupied by all the muscles at the level
of L3 normalized for height (L3-SMI) [35–40]. Four articles defined muscle mass as the
total psoas area normalized for height [31,32] or normalized for the cross-sectional area
of the body at the level of L3 [34] or L5 [33]. Amini et al. also evaluated the total psoas
volume normalized for height at the level of L3 (see Table 1 for details) [32]. Three articles
defined low muscle mass as sarcopenia using predefined cut-offs already published in the
literature [36,39,40]. Six articles [31,32,34,35,37,38] used self-determined cut-offs, whereas
Delitto et al. [34] and Clark et al. [33] conducted correlation analyses as depicted in Table 1.

3.2. Prevalence of Low Muscle Mass in Patients with Pancreatic Adenocarcinoma

The reported prevalence of low muscle mass varies from 17.2% to 64.2% [31,32,35–40].
Two authors did not report any percentage [33,34] and one [33] did not define a cut-off as
they conducted a correlation analysis to identify the relationship between low muscle mass
and long-term survival. Moreover, three authors [35,38,40] reported data also regarding
the prevalence of myosteatosis, ranging from 33.3% to 47.8%. Six studies [31,32,35,36,39,40]
reported the numbers of sarcopenic obese patients, whose prevalence ranges from 2.5%
to 25.6%.

3.3. Preoperative Patients’ Characteristics

Eight studies [31,32,34–36,38–40] investigated a relationship between age and low
muscle mass but only 3 authors [34,36,40] found that patients with low muscle mass were
significantly older. All studies reported data regarding the gender distribution of patients
but only two authors [36,39] found a difference in the prevalence of low muscle mass
between male and female patients with contrasting results. Specifically, higher rates of
prevalence of sarcopenia were found in males by Gruber et al. [39] and in females by
Ninomiya et al [36].

Six studies [34,35,37–40] reported data regarding the albumin levels and three stud-
ies [34,35,39] found significant lower levels of pre-operative albumin in the group with
low muscle mass. The prevalence of diabetes was reported in two studies [38,40]. No
significant difference was found in SMI values in patients with or without diabetes but
sex-specific standardized skeletal muscle density was lower in diabetic patients [40]. BMI
stratified according to muscle mass status was reported in five articles [35,36,38–40]. In
four studies [35,36,38,40] BMI was significantly lower in the low muscle mass group.

Three authors [34,35,39] reported data regarding the neoadjuvant treatment. Delitto
et al. reported that even if the neoadjuvant treatment was not associated with differences
in the mean psoas index, a decrease in the psoas index during therapy is associated with a
poor prognosis [34]. A higher rate of treated patients was found in the sarcopenic group by
Gruber et al. [39] but not by Okumura et al [35].

3.4. Low Muscle Mass and Postoperative Outcomes

Data regarding postoperative outcomes were reported in nine studies [31,32,34–40].
The comparison of overall morbidity rates between patients who have low muscle mass and
non-low muscle mass were reported in seven papers [31,32,35,36,38–40]. An increased post-
operative morbidity rate in low muscle mass patients was found only by Amini et al. [32]
and patients with a lower TPV were at a higher risk for postoperative complications (OR:
1.79, 95% CI: 1.25–2.56; p = 0.002). Moreover, in a multivariate logistic regression model,
TVP-sarcopenia was confirmed to be independently associated with a higher risk for
postoperative complications (OR: 1.69, 95% CI: 1.16–2.46; p = 0.006). Regarding specific
postoperative complications, two papers [35,39] reported the rate of pancreatic fistula
between the sarcopenic and non-sarcopenic group, although no correlation was found
with low muscle mass. Data on 90-day postoperative mortality were reported in four pa-
pers [31,32,35,36] and no differences were noted in regard to muscle mass status. Complete
data on major postoperative complications and on postoperative LOS were reported by
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seven [31,32,35,36,38–40] and four papers [31,32,38,40], respectively, and were included
in the meta-analysis. Meta-analysis failed to identify a higher prevalence ratio of major
complications after pancreatic surgery in the low muscle mass group (PR: 1.07; 95% CI:
0.93–1.24, p = 0.22) (Figure 2). There was no heterogeneity between studies (I2 = 0%, p =
0.70) and publication bias analysis estimated one study missing, nonetheless obtaining
comparable results (PR: 1.00; 95% CI: 0.88–1.15, p = 0.95) (Figure 3). The difference in the
prevalence of major complications in patients with vs. without low muscle mass was 0.02
(95% CI: −0.01–0.04, p = 0.32) (Figure 4). There was some heterogeneity between studies
(I2= 18.8%, p = 0.28). There was no evidence of publication bias (Figure 5).

Figure 2. Forest plot for the prevalence ratio of major complications. Meta-analysis did not identify
a higher prevalence ratio of major complications after pancreatic surgery in the low muscle mass
group.

Figure 3. Funnel plot for the prevalence ratio of major complications after pancreatic resection. Black
circles identified studies included in the meta-analysis. Publication bias analysis estimated one study
missing (white circle).
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Figure 4. Forest plot for the difference in the prevalence of major complications. The difference in
prevalence of major complications in patients with vs. without low muscle mass was not significant.

Figure 5. Funnel plot for the difference in the prevalence of major complications. No publication bias
was evident.

Meta-analysis failed to identify an increase in the mean LOS of patients with or
without low muscle mass (ROM: 1.08; 95% CI: 0.97–1.20, p = 0.17). There was heterogeneity
between the studies (I2 = 64.3%, p = 0.02) without any publication bias. Similarly, the
difference of the mean LOS was not significantly different between the two groups (low
muscle mass vs. non-low muscle mass) (MD: 0.8; 95% CI: −0.3–1.9, p = 0.14). There was
heterogeneity (I2 = 52.6%, p = 0.076) and no publication bias was present.

Moreover, some authors investigated the correlation between postoperative outcomes
and sarcopenic obesity or muscle attenuation. Amini et al. reported that patients with sar-
copenic obesity based on TPV had a more pronounced risk of complications compared with
patients who did not have sarcopenia (TPV-sarcopenic obesity, 74.1% vs. non-sarcopenia
42.2%, p = 0.003) [32]. Peng YC et al. found no significant differences between sarcopenic
patients and sarcopenic obese patients in terms of LOS and major complications [40].
Okumura compared patients with or without sarcopenic obesity and found no correla-
tion in terms of major complications or postoperative pancreatic fistula incidence [35].
Furthermore, Okumura investigated the correlation between muscle attenuation and the
postoperative outcomes, finding no correlation between myosteatosis and major complica-
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tions or pancreatic fistula [35]. Apart from the study of Okumura et al. [35], Choi et al. also
found no correlation between low muscle attenuation and the overall morbidity rate [38].

3.5. Low Muscle Mass and Survival

The effects of alterations of preoperative muscle mass on OS were reported in nine
studies [31,32,34–40]. Seven studies were included in the meta-analysis [31,32,36–40],
in which two studies’ [34,35] data on survival required for meta-analysis could not be
retrieved in the text. Meta-analysis identified that patients with low muscle mass who un-
derwent pancreatic resection demonstrated a significantly reduced OS when compared to
patients without alterations of the muscle mass (ROM: 0.86; 95% CI: 0.82–0.91, p < 0.001), re-
sulting in a 14% loss for the former (Figure 6). There was no heterogeneity between studies
(I2 = 0%, p = 0.46) and publication bias analysis estimated one study missing, nonetheless
obtaining comparable results (ROM: 0.87; 95% CI: 0.82–0.92, p < 0.001) (Figure 7). The
mean survival loss for patients with low muscle mass was 3.4 months (95% CI: −4.62,
−2.18 p < 0.001) (Figure 8). There was some heterogeneity between studies (I2 = 14.6%,
p = 0.32) with no publication bias identified (Figure 9). Nine studies performed multi-
variate analysis, identifying low muscle mass as a significant independent risk factor for
mortality [31,32,34–40].

Figure 6. Forest plot for the difference ratio of overall survival. Meta-analysis identified that patients
with low muscle mass who underwent pancreatic resection demonstrated a significantly reduced OS
when compared to patients without alterations of the muscle mass.

Figure 7. Funnel plot for the difference ratio of overall survival. Publication bias analysis estimated
one study missing (white circle).
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Figure 8. Forrest plot for the mean difference of overall survival. The mean survival loss for patients
with low muscle mass was 3.4 months.

Figure 9. Funnel plot for the mean difference of overall survival. No publication bias was identified.

Moreover, five studies [35,37–40] analyzed the impact of low muscle mass on the
DFS. Okumura determined that DFS rates were significantly lower in patients with low
muscle mass [35] and Sugimoto et al. reported that a smaller sex-standardized SMI was
independently associated with a shorter DFS [37]. On the contrary, three studies found that
DFS was not significantly different between patients with or without sarcopenia [38–40].
As data were missing, meta-analysis was not possible. Regarding sarcopenic obesity, three
authors [35,39,40] reported data regarding the OS and DFS. Peng YC et al. [40] found an
association in the univariate analysis between sarcopenic obesity and OS (HR = 3.19, 95%
CI = 0.98–10.37, p = 0.041), although data were not confirmed in the multivariate analysis
(HR = 1.29, 95% CI = 0.23–7.19, p = 0.768). Okumura et al. [35] found a correlation between
sarcopenic obesity and OS both in the univariate (HR = 1.91, 95% CI = 1.30–2.75, p = 0.001)
and multivariate analysis (HR = 2.01, 95% CI = 1.31–3.03, p = 0.002). Gruber et al. reported
an impaired OS in the obese sarcopenic patients compared to non-sarcopenic obese [39].
While Peng YC et al. [40] and Gruber at al. [39] found no association between sarcopenic
obesity and DFS, Okumura et al. [35] found the association to be relevant both in the
univariate (HR = 1.83, 95% CI = 1.31–2.53, p = 0.001) and multivariate analysis (HR = 1.87,
95% CI = 1.32–2.61, p = 0.001). Two authors [38,40] found no association between muscle
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attenuation and OS or DFS. On the contrary, Okumura et al. [35] found a significantly
reduced OS and DFS in patients with preoperative reduced muscle attenuation both in the
univariate (HR = 1.93, 95% CI = 1.40–2.67, p < 0.001 for OS; HR = 1.56, 95% CI = 1.18–2.07,
p = 0.002 for DFS) and multivariate analysis (HR = 1.63, 95% CI = 1.13–2.36, p = 0.01 for OS;
HR = 1.37, 95% CI = 1.02–1.84, p = 0.037 for DFS).

4. Discussion

Cancer cachexia is defined as a multifactorial syndrome characterized by ongoing
loss of skeletal muscle mass (with or without loss of fat mass) that can be partially but not
entirely reversed by conventional nutritional support [6]. This muscle loss is defined as
secondary sarcopenia, also known as disease-related sarcopenia, in which a causal factor
other than (or in addition to) aging is evident [5]. As opposed to primary sarcopenia,
secondary sarcopenia has predominantly focused on the loss of muscle mass without an
emphasis on muscle function [48]. Indeed, none of the retrospective studies considered
in this review documented muscle strength or performance. Secondary sarcopenia could
represent an individual characteristic to target in order to improve the outcome. In fact,
patients with solid tumors frequently experience malnutrition due to reduced food intake,
malabsorption, energy expenditure, and altered metabolism. Treatment options include
physical training, modifications of nutritional intake (including appetite stimulants), and
pharmacological treatment tested in clinical trials [49]. Among solid tumors, pancreatic
cancer carries the highest prevalence of cancer cachexia and weight loss [49]. Its overall
survival rate is still dismal with little improvements over the last decade [50] and postoper-
ative complications remain an important burden after pancreatic surgery, with morbidity
rates still up to 40% [18]. Surgical complications such as pancreatic fistula, hemorrhage,
and delayed gastric emptying not only affect patient convalescence and quality of life but
negatively impact oncological outcomes, delay adjuvant treatment, and affect survival [51].
Sarcopenia has been proposed as an indicator of frailty and therefore as a potential mean to
predict the risk of postoperative morbidity [52]. In fact, low muscle mass or radiodensity
can lead to impaired wound healing, depressed immunity, and inability to mobilize after
surgery, thus affecting postoperative outcomes [53]. While several studies have reported
the association between sarcopenia and outcomes following surgery for various oncologic
diseases [54], the actual impact of sarcopenia on surgical morbidity after pancreatic surgery
and on survival remains poorly defined with a high heterogeneity of results. As depicted
by our meta-analysis, sarcopenia plays a significant role in the OS, while the influence
on postoperative outcomes remains uncertain. The meta-analyses we conducted failed to
demonstrate a certain relationship between low muscle mass and major complications or
LOS. On the contrary, other authors have found a correlation between low muscle mass
and postoperative outcomes [55]. The inhomogeneity among the considered populations
could be a possible explanation of the different results reported. Another potential bias to
be considered is the different assessment parameters used to define the presence of low
muscle mass. Similarly to Amini et al. [32], previous studies reported divergent results
when using different assessment parameters. In addition, Pecorelli et al. [9] reported that
sarcopenia using the total abdominal muscle area (TAMA) was not a significant prognostic
factor for 60-day postoperative mortality (p = 0.224). However, the ratio of visceral fat area
(VFA) to TAMA was found to be a significant predictor for 60-day mortality when the ratio
was 3.2 in the multivariate analysis [OR 6.76, 95% CI: 2.42–18.99; p < 0.001]. The lack of
a univocal definition of sarcopenia and, even worse, too many different self-determined
cut-offs, obtained by means of optimum stratification in populations with different ethnici-
ties, BMI results, age, and cancer types, determine a void in research and clinical practice.
For instance, it is worth noticing that cut-offs from previous western studies, such as in
Prado et al. [26], might be inappropriate for Asian populations such as that studied by
Ninomiya et al [36]. Moreover, the cut-offs described by Prado et al. were obtained in a
subset of obese patients (BMI > 30) and therefore their application on non-obese patients
may be inappropriate.
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In fact, the study of sarcopenia in humans is complicated by the large variability
among individual and multiple factors affecting muscle (comorbidities, drugs, lifestyle,
nutritional aspects, and environmental influences), which can vary in different populations.
This muscle loss (secondary sarcopenia) is caused or worsened by cancer treatments and
the tumor itself. Moreover, different studies are focused on different muscles and presently
there is no consensus in the methodology of the assessment of muscle mass in the diagnosis
of sarcopenia or cancer cachexia. Despite the importance of evaluating muscle mass in
cancer, the definition of “low” muscle mass is difficult to be standardized when different
cut-off values are applied. As depicted in our literature review, all included studies used
a different cut-off to define sarcopenia and the reported prevalence of low muscle mass
varied from 17.2% to 64.2%. Hence, more collective and coordinated efforts are required to
compile and compare data obtained in different populations of cancer patients.

The rising subject in the field of muscle wasting and frailty regards the quality of
the muscle rather than the quantity. Akahori et al. [56] focused on the muscle density
as a possible prognostic factor in pancreatic patients and found a significant association
between reduced muscle attenuation after chemo-radiotherapy and overall survival. Simi-
larly, other authors found a correlation of a progression/outcome of cancer with muscle
attenuation [7,15,27,53,57]. Moreover, some recent results demonstrated that sarcopenia
and myosteatosis represent two separate and distinct clinical phenotypes accompanied by
different biological profiles in patients with pancreatic adenocarcinomas [53]. Yet again,
there are no standardized cut-offs and thus it is difficult to compare the literature results.

Our study has some limitations to consider. The relatively small number of studies
analyzed and their heterogeneity and retrospective nature could represent a significant
risk of selection bias. Moreover, due to the lack of data in some studies, we could not
measure outcomes such as overall postoperative morbidity rates or specific complications
of pancreatic surgery. Therefore, we were unable to fully investigate the potential role of
low muscle mass on postoperative short-term outcomes. New prospective and multicentric
studies are necessary in order to draw more definitive results.

5. Conclusions

Although we cannot draw unequivocal conclusions, we can expect sarcopenia to have
an impact on the surgical and oncological outcomes of cancer patients. Our meta-analysis
on patients with PDAC undergoing surgery demonstrates a reduced survival in those with
sarcopenia; however, a clear correlation with the short-term postoperative outcomes was
not evident. We believe results can be compromised by the diverse definitions and cut-off
values utilized. We advocate a joint effort to standardize body composition evaluation
methods, assessment parameters, and cut-off values. This enables risk stratification in order
to implement nutritional and pre-/re-habilitation interventions with the aim of reducing
physical disability, improving the quality of life, and prolonging survival.

Author Contributions: Conceptualization, C.S., R.S., L.M., and E.S.P.; methodology, R.S., L.M., S.Z.,
and E.S.P.; software, A.R.B.; validation, C.S., S.M., and M.V.; formal analysis, A.R.B., L.M., and E.S.P.;
investigation, E.S.P. and L.M.; resources, C.S.; data curation, G.Z, G.C., and S.S.; writing—original
draft preparation, E.S.P., L.M., and R.S.; writing—review and editing, C.S., L.M., E.S.P., and R.S.;
visualization, G.C., G.Z., and S.S.; supervision, C.S.; project administration, C.S.; funding acquisition,
C.S. All authors have read and agreed to the published version of the manuscript. E.S.P. and L.M.
equally contributed to the work.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available within the article.

Conflicts of Interest: The authors declare no conflict of interest.



J. Clin. Med. 2021, 10, 3033 15 of 17

References
1. Rolfe, D.F.S.; Brown, G.C. Cellular energy utilization and molecular origin of standard metabolic rate in mammals. Physiol. Rev.

1997, 77, 731–758. [CrossRef] [PubMed]
2. Baskin, K.K.; Winders, B.; Olson, E.N. Muscle as a “mediator” of systemic metabolism. Cell Metab. 2015, 21, 237–248. [CrossRef]

[PubMed]
3. Demontis, F.; Piccirillo, R.; Goldberg, A.L.; Perrimon, N. The influence of skeletal muscle on systemic aging and lifespan. Aging

Cell 2013, 12, 943–949. [CrossRef] [PubMed]
4. Karstoft, K.; Pedersen, B.K. Skeletal muscle as a gene regulatory endocrine organ. Curr Opin Clin. Nutr. Metab. Care 2016, 19,

270–275. [CrossRef] [PubMed]
5. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyère, O.; Cederholm, T. Sarcopenia: Revised European consensus on definition

and diagnosis. Age Ageing 2019, 48, 16–31. [CrossRef] [PubMed]
6. Fearon, K.; Strasser, F.; Anker, S.D.; Bosaeus, I.; Bruera, E.; Fainsinger, R.L. Definition and classification of cancer cachexia: An

international consensus. Lancet Oncol. 2011, 12, 489–495. [CrossRef]
7. Van Dijk, D.P.J.; Bakens, M.J.A.M.; Coolsen, M.M.E.; Rensen, S.S.; van Dam, R.M.; Bours, M.J.L. Low skeletal muscle radiation

attenuation and visceral adiposity are associated with overall survival and surgical site infections in patients with pancreatic
cancer. J. Cachexia Sarcopenia Muscle 2017, 8, 317–326. [CrossRef]

8. Levolger, S.; Van Vugt, J.L.A.; De Bruin, R.W.F.; IJzermans, J.N.M. Systematic review of sarcopenia in patients operated on for
gastrointestinal and hepatopancreatobiliary malignancies. Br. J. Surg. 2015, 102, 1448–1458. [CrossRef]

9. Pecorelli, N.; Carrara, G.; De Cobelli, F.; Cristel, G.; Damascelli, A.; Balzano, G. Effect of sarcopenia and visceral obesity on
mortality and pancreatic fistula following pancreatic cancer surgery. Br. J. Surg. 2016, 103, 434–442. [CrossRef]

10. Joglekar, S.; Asghar, A.; Mott, S.L.; Johnson, B.E.; Button, A.M.; Clark, E. Sarcopenia is an independent predictor of complications
following pancreatectomy for adenocarcinoma. J. Surg. Oncol. 2015, 111, 771–775. [CrossRef]

11. Kazemi-Bajestani, S.M.R.; Mazurak, V.C.; Baracos, V. Computed tomography-defined muscle and fat wasting are associated with
cancer clinical outcomes. Semin. Cell Dev. Biol. 2016, 54, 2–10. [CrossRef]

12. Okumura, S.; Kaido, T.; Hamaguchi, Y.; Fujimoto, Y.; Kobayashi, A.; Iida, T. Impact of the preoperative quantity and quality of
skeletal muscle on outcomes after resection of extrahepatic biliary malignancies. Surgery 2016, 159, 821–833. [CrossRef]

13. Okumura, S.; Kaido, T.; Hamaguchi, Y.; Fujimoto, Y.; Masui, T.; Mizumoto, M. Impact of preoperative quality as well as quantity
of skeletal muscle on survival after resection of pancreatic cancer. Surgery 2015, 157, 1088–1098. [CrossRef]

14. Sabel, M.S.; Lee, J.; Cai, S.; Englesbe, M.J.; Holcombe, S.; Wang, S. Sarcopenia as a prognostic factor among patients with stage III
melanoma. Ann. Surg. Oncol. 2011, 18, 3579–3585. [CrossRef]

15. Antoun, S.; Lanoy, E.; Iacovelli, R.; Albiges-Sauvin, L.; Loriot, Y.; Merad-Taoufik, M. Skeletal muscle density predicts prognosis in
patients with metastatic renal cell carcinoma treated with targeted therapies. Cancer 2013, 119, 3377–3384. [CrossRef]

16. Arnold, M.; Rutherford, M.J.; Bardot, A.; Ferlay, J.; Andersson, T.M.L.; Myklebust, T.Å. Progress in cancer survival, mortality, and
incidence in seven high-income countries 1995–2014 (ICBP SURVMARK-2): A population-based study. Lancet Oncol. 2019, 20,
1493–1505. [CrossRef]

17. Chong, E.; Ratnayake, B.; Lee, S.; French, J.J.; Wilson, C.; Roberts, K.J. Systematic review and meta-analysis of risk factors of
postoperative pancreatic fistula after distal pancreatectomy in the era of 2016 International Study Group Pancreatic Fistula
definition. HPB 2021. [CrossRef]

18. DeOliveira, M.L.; Winter, J.M.; Schafer, M.; Cunningham, S.C.; Cameron, J.L.; Yeo, C.J. Assessment of complications after
pancreatic surgery: A novel grading system applied to 633 patients undergoing pancreaticoduodenectomy. Ann. Surg. 2006, 244,
931–937. [CrossRef]

19. Bundred, J.; Kamarajah, S.K.; Roberts, K.J. Body composition assessment and sarcopenia in patients with pancreatic cancer: A
systematic review and meta-analysis. HPB 2019, 21, 1603–1612. [CrossRef]

20. Joglekar, S.; Nau, P.N.; Mezhir, J.J. The impact of sarcopenia on survival and complications in surgical oncology: A review of the
current literature. J. Surg. Oncol. 2018, 112, 503–509. [CrossRef]

21. Wagner, D. Role of frailty and sarcopenia in predicting outcomes among patients undergoing gastrointestinal surgery. World J.
Gastrointest Surg. 2016, 8, 27. [CrossRef]

22. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2020. CA Cancer J. Clin. 2020, 70, 7–30. [CrossRef] [PubMed]
23. Roeland, E.J.; Ma, J.D.; Nelson, S.H.; Seibert, T.; Heavey, S.; Revta, C. Weight loss versus muscle loss: Re-evaluating inclusion

criteria for future cancer cachexia interventional trials. Support Care Cancer 2017, 25, 365–369. [CrossRef] [PubMed]
24. Mourtzakis, M.; Prado, C.M.M.; Lieffers, J.R.; Reiman, T.; McCargar, L.J.; Baracos, V.E. A practical and precise approach to

quantification of body composition in cancer patients using computed tomography images acquired during routine care. Appl.
Physiol. Nutr. Metab. 2008, 33, 997–1006. [CrossRef]

25. Tan, B.H.L.; Birdsell, L.A.; Martin, L.; Baracos, V.E.; Fearon, K.C.H. Sarcopenia in an overweight or obese patient is an adverse
prognostic factor in pancreatic cancer. Clin. Cancer Res. 2009, 15, 6973–6979. [CrossRef]

26. Prado, C.M.; Lieffers, J.R.; McCargar, L.J.; Reiman, T.; Sawyer, M.B.; Martin, L. Prevalence and clinical implications of sarcopenic
obesity in patients with solid tumours of the respiratory and gastrointestinal tracts: A population-based study. Lancet Oncol. 2008,
9, 629–635. [CrossRef]

http://doi.org/10.1152/physrev.1997.77.3.731
http://www.ncbi.nlm.nih.gov/pubmed/9234964
http://doi.org/10.1016/j.cmet.2014.12.021
http://www.ncbi.nlm.nih.gov/pubmed/25651178
http://doi.org/10.1111/acel.12126
http://www.ncbi.nlm.nih.gov/pubmed/23802635
http://doi.org/10.1097/MCO.0000000000000283
http://www.ncbi.nlm.nih.gov/pubmed/27101470
http://doi.org/10.1093/ageing/afy169
http://www.ncbi.nlm.nih.gov/pubmed/30312372
http://doi.org/10.1016/S1470-2045(10)70218-7
http://doi.org/10.1002/jcsm.12155
http://doi.org/10.1002/bjs.9893
http://doi.org/10.1002/bjs.10063
http://doi.org/10.1002/jso.23862
http://doi.org/10.1016/j.semcdb.2015.09.001
http://doi.org/10.1016/j.surg.2015.08.047
http://doi.org/10.1016/j.surg.2015.02.002
http://doi.org/10.1245/s10434-011-1976-9
http://doi.org/10.1002/cncr.28218
http://doi.org/10.1016/S1470-2045(19)30456-5
http://doi.org/10.1016/j.hpb.2021.02.015
http://doi.org/10.1097/01.sla.0000246856.03918.9a
http://doi.org/10.1016/j.hpb.2019.05.018
http://doi.org/10.1002/jso.24025
http://doi.org/10.4240/wjgs.v8.i1.27
http://doi.org/10.3322/caac.21590
http://www.ncbi.nlm.nih.gov/pubmed/31912902
http://doi.org/10.1007/s00520-016-3402-0
http://www.ncbi.nlm.nih.gov/pubmed/27628947
http://doi.org/10.1139/H08-075
http://doi.org/10.1158/1078-0432.CCR-09-1525
http://doi.org/10.1016/S1470-2045(08)70153-0


J. Clin. Med. 2021, 10, 3033 16 of 17

27. Martin, L.; Birdsell, L.; MacDonald, N.; Reiman, T.; Clandinin, M.T.; McCargar, L.J. Cancer cachexia in the age of obesity: Skeletal
muscle depletion is a powerful prognostic factor, independent of body mass index. J. Clin. Oncol. 2013, 31, 1539–1547. [CrossRef]

28. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA
statement. J. Clin. Epidemiol. 2009, 62, 1006–1012. [CrossRef]

29. Dindo, D.; Demartines, N.; Clavien, P.-A. Classification of surgical complications: A new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann. Surg. 2004, 240, 205–213. [CrossRef]

30. Baumgartner, R.N. Body composition in healthy aging. Ann. N. Y. Acad. Sci. 2000, 904, 437–448. [CrossRef]
31. Peng, P.; Hyder, O.; Firoozmand, A.; Kneuertz, P.; Schulick, R.D.; Huang, D. Impact of Sarcopenia on Outcomes Following

Resection of Pancreatic Adenocarcinoma. J. Gastrointest Surg. 2012, 16, 1478–1486. [CrossRef]
32. Amini, N.; Spolverato, G.; Gupta, R.; Margonis, G.A.; Kim, Y.; Wagner, D. Impact Total Psoas Volume on Short- and Long-Term

Outcomes in Patients Undergoing Curative Resection for Pancreatic Adenocarcinoma: A New Tool to Assess Sarcopenia. J.
Gastrointest Surg. 2015, 19, 1593–1602. [CrossRef]

33. Clark, W.; Swaid, F.; Luberice, K.; Bowman, T.A.; Downs, D.; Ross, S.B. Can pancreatic cancer behavior be predicted based on
computed tomography measurements of fat and muscle mass? Int. J. Surg. Oncol. 2016, 1, e04. [CrossRef]

34. Delitto, D.; Judge, S.M.; George, T.J.; Sarosi, G.A.; Thomas, R.M.; Behrns, K.E. A clinically applicable muscular index predicts
long-term survival in resectable pancreatic cancer. Surgery 2017, 161, 930–938. [CrossRef]

35. Okumura, S.; Kaido, T.; Hamaguchi, Y.; Kobayashi, A.; Shirai, H.; Yao, S. Visceral Adiposity and Sarcopenic Visceral Obesity are
Associated with Poor Prognosis After Resection of Pancreatic Cancer. Ann. Surg. Oncol. 2017, 24, 3732–3740. [CrossRef]

36. Ninomiya, G.; Fujii, T.; Yamada, S.; Yabusaki, N.; Suzuki, K.; Iwata, N. Clinical impact of sarcopenia on prognosis in pancreatic
ductal adenocarcinoma: A retrospective cohort study. Int. J. Surg. 2017, 39, 45–51. [CrossRef]

37. Sugimoto, M.; Farnell, M.B.; Nagorney, D.M.; Kendrick, M.L.; Truty, M.J.; Smoot, R.L. Decreased Skeletal Muscle Volume Is
a Predictive Factor for Poorer Survival in Patients Undergoing Surgical Resection for Pancreatic Ductal Adenocarcinoma. J.
Gastrointest Surg. 2018, 22, 831–839. [CrossRef]

38. Choi, M.H.; Yoon, S.B.; Lee, K.; Song, M.; Lee, I.S.; Lee, M.A. Preoperative sarcopenia and post-operative accelerated muscle loss
negatively impact survival after resection of pancreatic cancer. J. Cachexia Sarcopenia Muscle 2018, 9, 326–334. [CrossRef]

39. Gruber Id, E.S.; Id, G.J.; Tamandl, D.; Gnant, M.; Schindl, M.; Sahora, K. Sarcopenia and sarcopenic obesity are independent
adverse prognostic factors in resectable pancreatic ductal adenocarcinoma. PLoS ONE 2019, 14, e0215915. [CrossRef]

40. Peng, Y.C.; Wu, C.W.; Tien, Y.W.; Lu, T.P.; Wang, Y.H.; Chen, B.B. Preoperative sarcopenia is associated with poor overall survival
in pancreatic cancer patients following pancreaticoduodenectomy. Eur. Radiol. 2020, 31, 2472–2481. [CrossRef]

41. Choi, Y.; Oh, D.Y.; Kim, T.Y.; Lee, K.H.; Han, S.W.; Im, S.A. Skeletal muscle depletion predicts the prognosis of patients with
advanced pancreatic cancer undergoing palliative chemotherapy, independent of body mass index. PLoS ONE 2015, 10, e0139749.
[CrossRef]

42. Clarke, M.; Horton, R. Bringing it all together: Lancet-Cochrane collaborate on systematic reviews. Lancet 2001, 357, 1728.
[CrossRef]

43. Stroup, D.F.; Berlin, J.A.; Morton, S.C.; Olkin, I.; Williamson, G.D.; Rennie, D. Meta-analysis of observational studies in
epidemiology: A proposal for reporting. J. Am. Med. Assoc. 2000, 283, 2008–2012. [CrossRef]

44. Hozo, S.P.; Djulbegovic, B.; Hozo, I. Estimating the mean and variance from the median, range, and the size of a sample. BMC
Med. Res. Methodol. 2005, 5, 1–10. [CrossRef] [PubMed]

45. Higgins, J.P.T.; Thompson, S.G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 2002, 21, 1539–1558. [CrossRef]
[PubMed]

46. Nathan, M.; William, H. Statistical aspects of the analysis of data from retrospective studies of disease. J. Natl. Cancer Inst. 1959,
22, 719–748. [CrossRef]

47. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria, 2013.
48. Bauer, J.; Morley, J.E.; Schols, A.M.W.J.; Ferrucci, L.; Cruz-Jentoft, A.J.; Dent, E. Sarcopenia: A Time for Action. An SCWD Position

Paper. J. Cachexia Sarcopenia Muscle 2019, 10, 956–961. [CrossRef]
49. Baracos, V.E.; Martin, L.; Korc, M.; Guttridge, D.C.; Fearon, K.C.H. Cancer-associated cachexia. Nat. Rev. Dis. Prim. 2018, 4, 1–18.

[CrossRef]
50. Neoptolemos, J.P.; Kleeff, J.; Michl, P.; Costello, E.; Greenhalf, W.; Palmer, D.H. Therapeutic developments in pancreatic cancer:

Current and future perspectives. Nat. Rev. Gastroenterol. Hepatol. 2018, 15, 333–348. [CrossRef]
51. Byun, Y.; Choi, Y.J.; Han, Y.; Kang, J.S.; Kim, H.; Kwon, W. Outcomes of 5,000 pancreatectomies in Korean single referral center

and literature reviews. J. Hepatobiliary Pancreat Sci. 2021. Online ahead of print.
52. Cooper, C.; Dere, W.; Evans, W.; Kanis, J.A.; Rizzoli, R.; Sayer, A.A. Frailty and sarcopenia: Definitions and outcome parameters.

Osteoporos. Int. 2012, 23, 1839–1848. [CrossRef]
53. Stretch, C.; Aubin, J.M.; Mickiewicz, B.; Leugner, D.; Al-manasra, T.; Tobola, E. Sarcopenia and myosteatosis are accompanied

by distinct biological profiles in patients with pancreatic and periampullary adenocarcinomas. PLoS ONE 2018, 13, e0196235.
[CrossRef]

54. Peng, P.D.; Van Vledder, M.G.; Tsai, S.; De Jong, M.C.; Makary, M.; Ng, J. Sarcopenia negatively impacts short-term outcomes in
patients undergoing hepatic resection for colorectal liver metastasis. HPB 2011, 13, 439–446. [CrossRef]

http://doi.org/10.1200/JCO.2012.45.2722
http://doi.org/10.1016/j.jclinepi.2009.06.005
http://doi.org/10.1097/01.sla.0000133083.54934.ae
http://doi.org/10.1111/j.1749-6632.2000.tb06498.x
http://doi.org/10.1007/s11605-012-1923-5
http://doi.org/10.1007/s11605-015-2835-y
http://doi.org/10.1097/IJ9.0000000000000004
http://doi.org/10.1016/j.surg.2016.09.038
http://doi.org/10.1245/s10434-017-6077-y
http://doi.org/10.1016/j.ijsu.2017.01.075
http://doi.org/10.1007/s11605-018-3695-z
http://doi.org/10.1002/jcsm.12274
http://doi.org/10.1371/journal.pone.0215915
http://doi.org/10.1007/s00330-020-07294-7
http://doi.org/10.1371/journal.pone.0139749
http://doi.org/10.1016/S0140-6736(00)04934-5
http://doi.org/10.1001/jama.283.15.2008
http://doi.org/10.1186/1471-2288-5-13
http://www.ncbi.nlm.nih.gov/pubmed/15840177
http://doi.org/10.1002/sim.1186
http://www.ncbi.nlm.nih.gov/pubmed/12111919
http://doi.org/10.1093/jnci/22.4.719
http://doi.org/10.1002/jcsm.12483
http://doi.org/10.1038/nrdp.2017.105
http://doi.org/10.1038/s41575-018-0005-x
http://doi.org/10.1007/s00198-012-1913-1
http://doi.org/10.1371/journal.pone.0196235
http://doi.org/10.1111/j.1477-2574.2011.00301.x


J. Clin. Med. 2021, 10, 3033 17 of 17

55. Ratnayake, C.B.; Loveday, B.P.; Shrikhande, S.V.; Windsor, J.A.; Pandanaboyana, S. Impact of preoperative sarcopenia on
postoperative outcomes following pancreatic resection: A systematic review and meta-analysis. Pancreatology 2018, 18, 996–1004.
[CrossRef]

56. Akahori, T.; Sho, M.; Kinoshita, S.; Nagai, M.; Nishiwada, S.; Tanaka, T. Prognostic Significance of Muscle Attenuation in
Pancreatic Cancer Patients Treated with Neoadjuvant Chemoradiotherapy. World J. Surg. 2015, 39, 2975–2982. [CrossRef]

57. Rollins, K.E.; Tewari, N.; Ackner, A.; Awwad, A.; Madhusudan, S.; Macdonald, I.A. The impact of sarcopenia and myosteatosis
on outcomes of unresectable pancreatic cancer or distal cholangiocarcinoma. Clin. Nutr. 2016, 35, 1103–1109. [CrossRef]

http://doi.org/10.1016/j.pan.2018.09.011
http://doi.org/10.1007/s00268-015-3205-3
http://doi.org/10.1016/j.clnu.2015.08.005

	Introduction 
	Materials and Methods 
	Literature Search Strategy 
	Inclusion and Exclusion Criteria 
	Measured Outcomes and Data Extraction 
	Terminology and Definitions 
	Statistical Analysis 

	Results 
	Low Muscle Mass Definitions 
	Prevalence of Low Muscle Mass in Patients with Pancreatic Adenocarcinoma 
	Preoperative Patients’ Characteristics 
	Low Muscle Mass and Postoperative Outcomes 
	Low Muscle Mass and Survival 

	Discussion 
	Conclusions 
	References

