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Simple Summary: Cancer cachexia often includes sarcopenia, which is characterized by a progressive,
generalized loss of skeletal muscle mass and strength, combined with fatty infiltration into the muscle.
Sarcopenia has been considered a patient-specific imaging biomarker for predicting outcomes after
cancer surgery. The present study aimed to evaluate whether preoperative sarcopenia was associated
with postoperative outcomes and survival in patients that underwent liver resections. Sarcopenia,
assessed by preoperative CT imaging, was present in two-thirds of patients. Independent risk factors
for sarcopenia were age, male sex, ASA score ≥ 3, and malignancies. Based on CT assessment alone,
sarcopenia had no impact on clinical outcomes or overall survival after hepatectomy.

Abstract: This retrospective observational study aimed to evaluate whether preoperative sarcopenia,
assessed by CT imaging, was associated with postoperative clinical outcomes and overall survival in
patients that underwent liver resections. Patients operated on between January 2014 and February
2020 were included. The skeletal muscle index (SMI) was measured at the level of the third lumbar
vertebra on preoperative CT scans. Preoperative sarcopenia was defined based on pre-established
SMI cut-off values. The outcomes were postoperative morbidity, length of hospital stay (LOS),
and overall survival. Among 355 patients, 212 (59.7%) had preoperative sarcopenia. Patients with
sarcopenia were significantly older (63.5 years) and had significantly lower BMIs (23.9 kg/m2) than
patients without sarcopenia (59.3 years, p < 0.01, and 27.7 kg/m2, p < 0.01, respectively). There was no
difference in LOS (8 vs. 8 days, p = 0.75), and the major complication rates were comparable between
the two groups (11.2% vs. 11.3%, p = 1.00). The median overall survival times were comparable
between patients with sarcopenia and those without sarcopenia (15 vs. 16 months, p = 0.87). Based
on CT assessment alone, preoperative sarcopenia appeared to have no impact on postoperative
clinical outcomes or overall survival in patients that underwent liver resections. Future efforts should
also consider muscle strength and physical performance, in addition to imaging, for preoperative
risk stratification.

Keywords: liver resection; sarcopenia; computed tomography; outcomes; complications; survival

1. Introduction

Older individuals will comprise about one-quarter of the world’s population by 2050.
Several studies have shown that increasing age was associated with increased risks of
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postoperative complications, mortality, and prolonged hospital stays after abdominal
cancer surgery [1,2]. The aging process often includes sarcopenia, which is characterized
by a progressive, generalized loss of skeletal muscle mass and strength [3,4], accompanied
by the infiltration of fat and fibrotic connective tissue into muscle [5]. The latter is the tissue
that supports, binds, or distinguishes different types of tissues and organs and is made
up of cells and extracellular matrix, which itself is made up of fibers (collagen, reticulin,
fibronectin, or elastin) and ground substance [6]. Sarcopenia also occurs in other conditions,
including cancer, reduced caloric intake, poor blood flow to the muscles, mitochondrial
dysfunction, and a decline in anabolic hormones [7–10]. A meta-analysis of data on patients
that underwent gastrointestinal cancer surgery showed that the prevalence of sarcopenia
varied between 12% and 78%, and it was associated with an elevated risk of major and
overall postoperative complications [11]. In liver surgery, despite significant improvements
in perioperative care and surgical techniques, the morbidity rate has ranged from 20% to
30% [12–14]. Moreover, in patients that require liver resections for primary malignancies
or colorectal liver metastases, preoperative sarcopenia may predict postoperative clinical
and oncological outcomes [15–18]. Thus, sarcopenia has been considered a patient-specific
imaging biomarker for predicting clinical outcomes [19].

A wide variety of tests and tools are available to assess sarcopenia in clinical practice
and research, such as dual-energy x-ray absorptiometry and bioimpedance analysis. A
validated approach is to measure the cross-sectional areas of specific muscle groups in
specific body locations based on imaging. This approach is recommended by the European
consensus on the definition and diagnosis of sarcopenia (EWGSOP2) [20]. In addition to
muscle cross-sectional areas or volumes representing quantity, muscle quality can also
be measured with CT images through its density and fat infiltration [21,22]. However,
current studies are limited by relatively small patient cohorts, data heterogeneity, and the
lack of a standardized assessment of body composition, including inconsistent measures
of muscle quantity and muscle quality and fat content. Frequently, a single sarcopenia
parameter is measured, and the methods vary. It would thus be interesting to measure
different parameters of body composition with automated methods.

The present study aimed to evaluate whether muscle quantity, muscle quality, and
muscle fat content, measured with a semi-automated deep-learning-based method on CT
imaging, were associated with postoperative clinical outcomes and overall survival in
patients that underwent liver resections.

2. Materials and Methods
2.1. Study Design and Patients

This single-center retrospective observational study included all consecutive patients
that underwent liver resections at the Department of Visceral Surgery, University Hospital
CHUV, Lausanne, Switzerland, between 1 January 2014, and 1 March 2020. Patients that
underwent resections of another organ during the same surgical procedure were excluded.
For all patients, treatment decisions were discussed in a multidisciplinary meeting involv-
ing hepatologists, medical oncologists, radiologists, pathologists, and surgeons. Major liver
resections were defined as the removal of ≥3 Couinaud’s segments. Preoperative assess-
ments included biological, volumetric, and functional liver parameters. When, according
to a decision algorithm, the preoperative liver volume was deemed insufficient, portal vein
embolization was performed to increase the size of the liver remnant [23]. In addition,
all patients were managed according to the Enhanced Recovery After Surgery (ERAS)
protocol [24]. Patients at risk (weight loss > 10–15% within 6 months, BMI < 18.5 kg/m2,
nutritional risk screenings (NRS) ≥ 3 [25], or serum albumin < 30 g/L) received oral nutri-
tional supplements for 7 days prior to surgery. For severely malnourished patients (>10%
weight loss), surgery was postponed for at least 2 weeks to improve nutritional status and
allow patients to gain weight. There was no intervention on preoperative physical activity
and mobility.
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Patient demographics, diagnosis, malignancy, and intraoperative characteristics were
collected. The postoperative outcomes included morbidity, mortality, reoperations, and the
length of hospital stay (LOS). Complications that occurred within 30 postoperative days
were graded according to the Clavien-Dindo classification system [26]. Major complications
were defined as grades ≥ IIIb. When a patient developed more than one complication, only
the highest grade was retained. Postoperative liver failure and bile leakage were defined
according to the International Study Group for Liver Surgery (ISLGS) [27,28].

2.2. Sarcopenia Assessment

Over the study period, preoperative CT scans were performed with different CT sys-
tems from various manufacturers, with or without intravenous contrast administration. All
CT scans were performed within a maximum time interval of 1 month prior to the interven-
tion and included an abdominal series obtained at a tube potential of 120 kVp. Other data
acquisition and image reconstruction parameters varied slightly between patients, inherent
to the study design and patient referral for liver surgery. Muscle mass and quality were
measured on axial CT slices at the mid-pedicle level of the third lumbar vertebra using a
semi-automated, deep-learning-based method with a U-Net architecture algorithm [29–31].
Similar methods have recently been validated on large data sets [32,33]. However, because
the accuracy, precision, and reliability of the predicted image segmentations cannot be
fully guaranteed and trusted by such methods, all automated muscle segmentations were
secondarily reviewed and corrected by two board-certified musculoskeletal radiologists
successively (with 7 and 16 years of experience) using a custom graphical user interface. To
estimate muscle mass or quantity, skeletal muscle area (SMA) was measured in cm2 and
was normalized by the squared patient height to obtain the skeletal muscle index (SMI,
cm2/m2). Automated muscle segmentations included the psoas muscle, the paravertebral
muscles, and the muscles of the abdominal wall (Figure 1). To estimate muscle quality, the
skeletal muscle radiation attenuation (SMRA) was measured in Hounsfield units (HU) and
based on muscle density. Any given skeletal muscle displays radiation attenuation between
−190 and +150 HU [22]. As an additional indicator of muscle degeneration, the intramus-
cular adipose tissue (IMAT) was determined by measuring the fat pixels within the SMA.
CT scans can clearly discern fat from muscle because fat displays negative attenuation
values, whereas attenuation for muscle is positive, and attenuation is sensitive to proton
content per unit mass, which is high in adipose tissue [34]. The IMAT was also normalized
by the squared patient height to obtain the IMAT index (IMATI, cm2/m2), as previously
described [35]. The SMI was used to define sarcopenia, with cut-off values at 52.4 cm2/m2

for men and 38.5 cm2/m2 for women, as previously described [36–39]. Outcomes were
compared between patients with and without sarcopenia, as defined by these sex-specific
cut-off values.
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Figure 1. Skeletal muscle area morphology. Computed tomography scans show different morpho-
types of skeletal muscle area (SMA) at the third lumbar vertebra (L3) level. This region contains
the psoas muscle, paraspinal muscles (erector spinae, quadratus lumborum), and abdominal wall
muscles (transversus abdominus, external and internal obliques, rectus abdominus).
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2.3. Statistical Analysis

Continuous variables are expressed as mean (standard deviation, SD) or median
(interquartile range, IQR) and compared with Mann-Whitney U test or Student’s t-test
according to their distribution (Shapiro-Wilk test). Categorical variables are expressed as
the frequency and percentage and compared between groups with Pearson’s chi-square
or Fisher’s exact test, where appropriate. Correlations between continuous variables were
assessed with Pearson correlation coefficients. Logistic binary regression was used for
predictive factors of sarcopenia and major complications. Overall survival for patients with
malignancies was analyzed with the Kaplan-Meier method, and groups were compared
with the log-rank test. Survival was defined as the time interval between the day of the
index operation and the date of death due to any cause. All analyses were performed with
SPSS 26.0 (SPSS Inc., Chicago, IL, USA).

3. Results

Among the 355 patients included, 212 (59.7%) had preoperative sarcopenia, based
on the CT analysis and cut-off values used. Patient demographics and surgical details
are reported in Table 1. Patients with sarcopenia were significantly older (63.5 years)
and had a significantly lower mean body mass index (BMI; 23.9 kg/m2) than patients
without sarcopenia (mean age: 59.3 years, p < 0.01, and mean BMI: 27.7 kg/m2, p < 0.01).
Compared to the group without sarcopenia, the sarcopenia group included significantly
more men (65.6% vs. 49.9%, p < 0.01), and a larger proportion had American Society of
Anesthesiologists (ASA) scores ≥ 3 (24.5% vs. 7.0%, p < 0.01). There were no differences
between the two groups in terms of comorbidities or surgical procedures, but a larger
proportion of patients with sarcopenia had malignancies (82.5%) compared to patients
without sarcopenia (69.9%, p < 0.01). The risk factors for sarcopenia identified in the
multivariate analysis are presented in Figure 2.

Table 1. Demographics and surgical details of patients that underwent hepatectomies.

Item Overall (n = 355) Non-Sarcopenia (n = 143) Sarcopenia (n = 212) p-Value *

Age (years) (mean, SD) 62 (13.0) 59 (12.7) 64 (13.5) <0.01
BMI (kg/m2) (mean, SD) 25.5 (4.5) 27.7 (4.9) 23.9 (3.5) <0.01
Weight (kg) (mean, SD) 74 (15.3) 78 (16.4) 70 (13.7) <0.01

Sex (male) (%) 210 (59.2) 71 (49.9) 139 (65.6) <0.01
SMA (cm2) (mean, SD) 131.6 (32.7) 148.2 (34.7) 120.4 (25.8) <0.01

SMRA (HU) (mean, SD) 39.5 (9.9) 40.2 (9.2) 39.0 (10.35) 0.090
IMATI (cm2/m2) 4.8 (3.1) 4.9 (3.5) 4.7 (2.7) 0.817

Cardiovascular disease (%) 16 (4.5) 5 (3.5) 11 (5.2) 0.604
Pulmonary disease (%) 27 (7.6) 10 (7.0) 17 (8.0) 0.839

Renal disease (%) 9 (2.5) 2 (1.4) 7 (3.3) 0.323
Diabetes (%) 39 (11.0) 17 (11.9) 22 (10.4) 0.730

ASA score ≥ 3 (%) 62 (17.4) 10 (7.0) 52 (24.5) <0.01
Malignancy (%) 274 (77.2) 100 (69.9) 174 (82.5) <0.01

Neoadjuvant treatment (%) 165 (46.5) 61 (42.7) 104 (49.1) 0.278
Diagnosis (%)

Hepatocellular carcinoma 47 (13.2) 19 (13.3) 28 (13.2) 0.874
Colorectal metastases 155 (43.7) 51 (35.7) 104 (49.1) 0.016

Other metastases 23 (6.5) 10 (6.9) 13 (6.1) 0.657
Cholangiocarcinoma 55 (15.5) 22 (15.4) 33 (15.6) 1.000

Echinococcosis 39 (11.0) 25 (17.5) 14 (6.6) <0.01
Other 36 (10.1) 16 (11.2) 20 (9.4) 0.587

Major hepatectomy (%) 190 (53.5) 73 (51.0) 117 (55.2) 0.450
Laparoscopy (%) 75 (21.1) 37 (25.9) 38 (17.9) 0.085

* Significant p values (<0.05) are displayed in bold characters. SD: standard deviation; BMI: body mass index; SMA:
skeletal muscle area; SMRA: skeletal muscle radiation attenuation; HU: Hounsfield unit; IMATI: intramuscular
adipose tissue index; ASA: American Society of Anesthesiologists.
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The overall complication rates were 46.2% (n = 98) in the sarcopenia group vs. 48.3%
(n = 69) in the group without sarcopenia (p = 0.745). A total of 24 patients (11.3%) in the
sarcopenia group had major complications vs. 16 patients (11.3%) in the group without
sarcopenia (p = 1.00, Table 2). For complications specific to liver resection, the groups
displayed no significant difference in the rate of bile leakage or postoperative liver failure.
There was no 30-day mortality for the entire cohort. None of the sarcopenia indices was a
predictive factor of major complications (Table 3). The only significant predictive factor
of major complications was the presence of cholangiocarcinoma (OR 2.762, 95% CI 1.218–
6.264, p = 0.015). A subgroup analysis for patients with major resections did not show
any significant differences in terms of postoperative clinical outcomes in patients with or
without sarcopenia (Table S1).

Table 2. Clinical outcomes of patients that underwent hepatectomies.

Outcome Overall (n = 355) Non-Sarcopenia (n = 143) Sarcopenia (n = 212) p-Value

Length of stay (median, IQR) 8 (6–14) 8 (6–16) 8 (6–14) 0.753
30-day complications (%)

Any 167 (47.0) 69 (48.3) 98 (46.2) 0.745
Major 40 (11.3) 16 (11.2) 24 (11.3) 1.000

Bile leakage (%)

0.156
A 12 (3.4) 9 (6.3) 3 (1.4)
B 28 (7.9) 15 (10.6) 13 (6.2)
C 5 (1.4) 1 (0.7) 4 (1.9)

Liver failure (%)

0.203
A 2 (0.6) - 2 (0.9)
B 4 (1.2) 1 (0.7) 3 (1.4)
C 1 (0.3) - 1 (0.5)

30-day mortality (%) 0 (-) 0 (-) 0 (-) 1.000
30-day reoperation (%) 29 (8.2) 9 (6.3) 20 (9.4) 0.328

IQR: interquartile range.

The LOS was not significantly different between groups (sarcopenia group: median
8 days, IQR 6–14; no sarcopenia group: median 8 days, IQR 6–16; p = 0.753). A very weak,
negative correlation was observed between the SMA and the LOS (r = −0.110, p = 0.038).
No correlation was found between the LOS and the SMI (r = −0.092, p = 0.084), the SMRA
(r = −0.035, p = 0.513), and the IMATI (r = 0.003, p = 0.961), respectively.
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Table 3. Predictive factors of major complications.

Item
Univariate Analysis Multivariate Analysis

OR (95% CI) p-Value OR (95% CI) p-Value

Age 1.030 (1.001–1.059) 0.046 * 1.027 (0.997–1.058) 0.073
Sex 1.498 (0.745–3.012) 0.257 - -
BMI 1.012 (0.942–1.087) 0.746 - -

ASA score 1.357 (0.494–3.725) 0.553 - -
SMA 1.003 (9.993–1.013) 0.590 - -
SMI 1.004 (0.969–1.040) 0.836 - -

SMRA 0.974 (0.942–1.008) 0.974 - -
IMATI 0.984 (0.881–1.099) 0.776 - -

Hepatocellular carcinoma 0.513 (0.151–1.737) 0.283 - -
Colorectal metastases 0.450 (0.217–0.933) 0.032 * 0.627 (0.277–1.422) 0.264
Cholangiocarcinoma 3.702 (1.785–7.678) <0.001 * 2.762 (1.218–6.264) 0.015 *

Echinococcosis 1.181 (0.433–3.217) 0.745 - -

* Significant p values (<0.05); BMI: body mass index; ASA: American Society of Anesthesiologists; SMA: skeletal
muscle area; SMI: skeletal muscle index; SMRA: skeletal muscle radiation attenuation; IMATI: intramuscular
adipose tissue index.

The overall median survival of patients with malignancies was 15 months in the
presence of sarcopenia compared to 16 months for patients without sarcopenia (p = 0.867,
Figure 3). There was no significant difference in survival for the malignancy subtypes
(hepatocellular carcinoma, colorectal metastases, and cholangiocarcinoma).
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4. Discussion

This study showed that about two-thirds of patients undergoing liver resection had
preoperative sarcopenia. The following risk factors for sarcopenia were identified: older
age, male sex, high ASA scores, and malignancies. However, no associations were observed
between preoperative sarcopenia and postoperative clinical outcomes or overall survival.

Previous studies in gastrointestinal cancer surgery reported a sarcopenia incidence
of approximately 50%, based on predefined cut-off values. Moreover, previous studies
that used population-tailored cut-offs reported an even lower incidence of 35% [11,40]. In
general, CT is routinely performed prior to hepatectomy. Thus, CT scans are considered
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convenient for assessing sarcopenia without the need for additional tests. However, cur-
rently, the cut-off values for identifying sarcopenia in CT are not precisely defined, either
for muscle quantity or for muscle quality. In the present study, a pre-established SMI cut-off
based on previous studies was used to identify sarcopenia, but no association with the
outcomes was found. The SMI is derived from the SMA, and both are muscle quantity
indices, while SMRA and IMAT are muscle quality indices. This could explain the fact
that there was no difference in SMRA and IMAT between the two groups compared in this
study. A hypothesis could be that the quantity and the quality of the muscle do not nec-
essarily match, as already suggested by other studies [31,41,42]. These results contrasted
with findings from a recent meta-analysis, where various CT-based sarcopenia indices
were evaluated as predictors for the risk of major complications in patients undergoing
hepato-pancreato-biliary surgery [43]. That study showed that all the commonly used
indices, including SMA, SMI, and SMRA, could predict the risk of major postoperative
complications; however, a consensus on cut-offs to define sarcopenia was still lacking.

Independent risk factors for sarcopenia were older age, male sex, ASA scores ≥ 3,
and malignancies. In a previous prospective study that assessed associations between
sarcopenia and outcomes after liver resections, age and BMI were not correlated with
reduced muscle mass or strength [40]. Two other retrospective studies on patients that
underwent hepatectomies found that patients with sarcopenia had significantly lower BMIs
compared to patients without sarcopenia, but age was comparable between groups [44,45].
Proper body size adjustment for muscle quantity is debated, and sarcopenia in obesity is
currently not well described [46]. Age-related decreases in skeletal muscle mass that occur
concurrently with obesity, termed “sarcopenic obesity”, might result in a substantially in-
creased risk of morbidity and functional decline [47]. Sarcopenic obesity is the combination
of low muscle and high fat mass [48]. Obesity, resulting from an increase in adipose tissue,
is also considered a critical cause of skeletal muscle loss that leads to a cycle of continuous
fat gain [49]. This could not be demonstrated in this present study, as sarcopenic patients
had significantly lower BMI. One hypothesis is that a majority of patients were suffering
from malignant pathologies, thus causing cancer cachexia, with loss of fat-free and fat
mass, resulting in an overall weight loss (kg). It is estimated that half of all patients with
cancer eventually develop cachexia, with anorexia and a progressive loss of adipose tissue
and skeletal muscle mass [50]. This syndrome is characterized by systemic inflammation,
negative protein and energy balance, and an involuntary loss of lean body mass [51].

Previous studies showed that female sex was a risk factor for sarcopenia [17,18,40,45].
Various endogenous and exogenous factors influence the prevalence of sarcopenia; indeed,
such as hormonal changes that enhance the loss of muscle mass and occur more slowly
in men than in women [52]. Some studies conducted in the general population reported
that the relative reduction in muscle mass was greater in men than in women [53,54].
Sex steroids influence the maintenance and growth of muscles, and decline in androgens,
estrogens, and progesterone by aging leads to sarcopenia [55]. These steroid hormones can
interact with different signaling pathways through their receptors. However, sex steroid
hormone receptors and their exact roles are not completely defined in muscles, and the
evidence for an association between sex and sarcopenia remains inconsistent and unclear.

The literature has also shown inconsistent results on surgical outcomes. Several retro-
spective series have shown that the LOS was prolonged after liver surgery in patients with
preoperative sarcopenia [16,17,39,44]. However, two previous studies showed that the LOS
was comparable between patients with and without sarcopenia, which is consistent with
this present study [16,18]. In a recent meta-analysis, patients with sarcopenia had a higher
30-day mortality rate (odds ratio 2.38) [56]. This was not confirmed in this present study,
where there was no mortality in patients with and without sarcopenia. Additionally, no
significant effect of preoperative sarcopenia on the rate of postoperative complications was
identified. In contrast, a recent meta-analysis that included 7176 patients that underwent
gastrointestinal cancer surgery found that the preoperative incidence of sarcopenia was as-
sociated with elevated risks of both major and total complications [11]. Interestingly, in that
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study, a subgroup analysis was performed after stratifying studies by the use of ERAS care
among patients with colorectal liver metastases and liver cancer. In that analysis, the risk
ratio showed that sarcopenia did not significantly increase the risk of complications [11].
Moreover, that result suggested that ERAS care, which was provided for all patients in
the present study, might have offered some compensation for sarcopenia. Indeed, ERAS
care involves routine, dedicated preoperative counseling and education, perioperative
nutrition management before liver surgery, and preconditioning prior to surgery. Thus,
ERAS care may well reduce the risk associated with sarcopenia in patients undergoing
surgery [57]. However, in view of the short preoperative period, it seems unlikely that the
parameters of sarcopenia can be completely altered simply with nutritional interventions. It
would also be necessary to intervene on physical condition, and over a longer preoperative
period, without exposing the patients to the risk of oncological progression. Consequently,
sarcopenia could be managed preoperatively, whereas many other risk factors, such as age,
sex, or ASA score, are not modifiable or unlikely to improve during a short preoperative
time period.

Sarcopenia can develop as a consequence of malignancy [45]. This association might
explain our finding that malignancies were more common in the sarcopenia group. How-
ever, overall survival rates were similar between patients with and without preoperative
sarcopenia. This finding was consistent with findings in several previous studies. In one
study on 96 patients that underwent liver resection or liver transplantation for hepatocel-
lular carcinoma (HCC), sarcopenia was not associated with long-term survival [18]. In
another study, CT-based preoperative sarcopenia was assessed in 82 patients that were
critically ill with cirrhosis, and sarcopenia had no prognostic value in predicting post-
transplantation survival [58]. Similarly, in another study on 259 patients that underwent
liver resections for colorectal metastases, sarcopenia was not significantly associated with
recurrence-free or overall survival [17]. In contrast, a Japanese study showed that, in
patients with HCC, preoperative sarcopenia was predictive of worse overall survival after
a hepatectomy, even after adjusting for other known predictors [45]. Additionally, among
patients that required liver transplants, sarcopenia was strongly correlated with post-liver
transplantation mortality and 3-year survival [59]. Moreover, a meta-analysis that specifi-
cally studied patients with primary hepatic malignancies showed that patients with and
without sarcopenia differed significantly in overall 1- and 3-year survival rates (1 year: OR:
0.43; p < 0.001; 3 years: OR: 0.67; p = 0.03) [15]. In the present study, the survival of patients
with malignancy was less than 10% at 5 years, which appears to be low. However, studies
of survival at 5 years after surgery remain rare and range between 10% and 30% at 5 years
for cholangiocarcinoma, HCC, and colorectal metastases [60–62].

The differences among studies on the impact of sarcopenia on outcomes are probably
due to multiple factors. Study results are likely to vary due to the different diagnostic
modalities, and the different cut-off values used [18]. In addition, heterogeneity between
study cohorts could lead to different findings on sarcopenia. In the present study, the cohort
included patients that mainly underwent major hepatectomies for colorectal metastases,
cholangiocarcinoma, and HCC. This heterogeneous cohort may have limited the ability
to compare results to studies that focused on targeted cohorts. Furthermore, other factors
probably influence oncological outcomes more than sarcopenia, such as tumor size, tumor
grade, and the presence of vascular invasion, histological data, and systemic therapies.
These co-founding factors were not considered in the survival analyzes in this present study.

This study has several limitations. Its single-center, retrospective design may have
limited the ability to detect subtle differences between groups. The lack of a standardized
preoperative CT imaging protocol and the variety of CT scanners and protocols used
might have introduced heterogeneity in the imaging data set. These variations could
have had small effects on the measurement of muscle quantity but mainly resulted in
differences in the measurement of muscle quality, as previously reported [63]. However,
this variety was equally distributed between the groups, and it reflected clinical practice
settings. Patients with differences in diagnoses and demographics were included, which
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resulted in cohort heterogeneity. The different types of cases were well balanced between
the two patient groups, but it may still have reduced the statistical power for detecting the
effects of sarcopenia on outcomes. These differences were probably precisely related to the
presence of sarcopenia, such as BMI, age, ASA score, and the presence of neoplasia, while
cardiovascular and renal comorbidities, diabetes, and surgical details were comparable,
for example. The cause-and-effect relationship is difficult to establish in the present study,
and the correlation between sarcopenia and outcomes should therefore be interpreted with
caution. The follow-up of clinical outcomes was limited to 30 postoperative days, according
to the Clavien-Dindo classification, which can lead to an underestimation of complications
and mortality. Oncological follow-up compliance was not measured; thus, survival rates
may have been under- or overestimated. Many treatment modalities are available that
are less invasive than surgery for unfit patients with hepatic pathologies. Therefore, it is
possible that patients with minor frailties were prioritized for surgery, which could have
introduced a selection bias. Patients with local extensive pathologies may also have been
considered preferentially for surgery, which could potentially have led to a worse oncologic
prognosis in comparison to locoregional treatments (chemoembolization, radiofrequency,
or microwave, for example). Finally, although low muscle mass is a diagnostic criterion
for sarcopenia, low muscle strength or physical performance, which are also required for
the diagnosis of sarcopenia, were not measured [20,64]. The term “sarcopenia” might
be considered a misnomer, even though low muscle mass is currently routinely used to
define sarcopenia in the literature and in clinical practice. CT assessment of sarcopenia is
relatively simple and economical because CT scans are routinely performed to support
decisions regarding abdominal cancer surgery. However, there is a need for standardized
cut-off values for assessing preoperative sarcopenia. Patients with gastric, esophageal,
or pancreatic cancers that impact the gastrointestinal tract and cause feeding difficulties
are more likely to be affected by sarcopenia, and these patients may benefit most from
preoperative interventions [65,66]. More research is necessary for determining appropriate
treatment modalities.

5. Conclusions

Based on CT assessment alone, preoperative sarcopenia has no impact on postop-
erative clinical outcomes or overall survival in patients that underwent liver resections.
Future efforts should also consider muscle strength and physical performance, in addition
to imaging, for preoperative risk stratification.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers14010261/s1, Table S1: Clinical outcomes of patients that
underwent major hepatectomies.

Author Contributions: Conceptualization, D.M., M.H., F.B. and E.U.; methodology, D.M., M.H.,
F.B. and E.U.; software, D.M., Y.M., K.K., M.S., J.K. and F.B.; validation, D.M., Y.M., K.K., M.S., J.K.,
F.B. and E.U.; formal analysis, D.M., Y.M., K.K., M.S., J.K. and F.B.; investigation, D.M., E.M., N.H.,
M.H., N.D. and E.U.; resources, M.H., N.D., F.B. and E.U.; data curation, D.M., K.K., M.S. and F.B.;
writing—original draft preparation, D.M., Y.M., F.B. and E.U.; writing—review and editing, D.M.,
Y.M., K.K., M.S., E.M., N.H., M.H., N.D., F.B. and E.U. visualization, D.M., F.B. and E.U.; supervision,
M.H., N.D., F.B. and E.U.; project administration, F.B. and N.D.; funding acquisition, F.B. and N.D.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Review Board of University Hospital
CHUV (CER-VD protocol number 2020-00677, date of approval 23 March 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

https://www.mdpi.com/article/10.3390/cancers14010261/s1
https://www.mdpi.com/article/10.3390/cancers14010261/s1


Cancers 2022, 14, 261 10 of 12

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

References
1. Hua, H.; Xu, X.; Tang, Y.; Ren, Z.; Xu, Q.; Chen, L. Effect of sarcopenia on clinical outcomes following digestive carcinoma surgery:

A meta-analysis. Support. Care Cancer 2019, 27, 2385–2394. [CrossRef] [PubMed]
2. Wagner, D.; Demarco, M.M.; Amini, N.; Buettner, S.; Segev, D.; Gani, F.; Pawlik, T.M. Role of frailty and sarcopenia in predicting

outcomes among patients undergoing gastrointestinal surgery. World J. Gastrointest. Surg. 2016, 8, 27–40. [CrossRef] [PubMed]
3. Cruz-Jentoft, A.J.; Baeyens, J.P.; Bauer, J.M.; Boirie, Y.; Cederholm, T.; Landi, F.; Martin, F.C.; Michel, J.-P.; Rolland, Y.; Schneider,

S.M.; et al. European Working Group on Sarcopenia in Older People: Sarcopenia: European consensus on definition and diagnosis:
Report of the European Working Group on Sarcopenia in Older People. Age Ageing 2010, 39, 412–423. [CrossRef]

4. Chen, L.-K.; Liu, L.-K.; Woo, J.; Assantachai, P.; Auyeung, T.-W.; Bahyah, K.S.; Chou, M.-Y.; Chen, L.-Y.; Hsu, P.-S.; Krairit, O.;
et al. Sarcopenia in Asia: Consensus Report of the Asian Working Group for Sarcopenia. J. Am. Med. Dir. Assoc. 2014, 15, 95–101.
[CrossRef]

5. Boutin, R.D.; Yao, L.; Canter, R.; Lenchik, L. Sarcopenia: Current Concepts and Imaging Implications. Am. J. Roentgenol. 2015, 205,
W255–W266. [CrossRef] [PubMed]

6. Gustafsson, T.; Ulfhake, B. Sarcopenia: What Is the Origin of This Aging-Induced Disorder? Front. Genet. 2021, 12, 688526.
[CrossRef]

7. von Haehling, S.; Steinbeck, L.; Doehner, W.; Springer, J.; Anker, S.D. Muscle wasting in heart failure: An overview. Int. J. Biochem.
Cell Biol. 2013, 45, 2257–2265. [CrossRef]

8. Morley, J.E.; Anker, S.D.; Von Haehling, S. Prevalence, incidence, and clinical impact of sarcopenia: Facts, numbers, and
epidemiology-update. J. Cachex-Sarcopenia Muscle 2014, 5, 253–259. [CrossRef]

9. Rolland, Y.; Czerwinski, S.; Van Kan, G.A.; Morley, J.E.; Cesari, M.; Onder, G.; Woo, J.; Baumgartner, R.; Pillard, F.; Boirie, Y.; et al.
Sarcopenia: Its assessment, etiology, pathogenesis, consequences and future perspectives. J. Nutr. Health Aging 2008, 12, 433–450.
[CrossRef]

10. Morley, J.E. Sarcopenia: Diagnosis and treatment. J. Nutr. Health Aging 2008, 12, 452–456. [CrossRef]
11. Simonsen, C.; de Heer, P.; Bjerre, E.D.; Suetta, C.; Hojman, P.; Pedersen, B.K.; Svendsen, L.B.; Christensen, J.F. Sarcopenia and

Postoperative Complication Risk in Gastrointestinal Surgical Oncology. Ann. Surg. 2018, 268, 58–69. [CrossRef] [PubMed]
12. Mizuguchi, T.; Kawamoto, M.; Meguro, M.; Okita, K.; Ota, S.; Ishii, M.; Ueki, T.; Nishidate, T.; Kimura, Y.; Furuhata, T.; et al. The

impact of aging on morbidity and mortality after liver resection: A systematic review and meta-analysis. Surg. Today 2015, 45,
259–270. [CrossRef] [PubMed]

13. Huang, J.; Li, B.-K.; Chen, G.-H.; Li, J.-Q.; Zhang, Y.-Q.; Li, G.-H.; Yuan, Y.-F. Long-term Outcomes and Prognostic Factors of
Elderly Patients with Hepatocellular Carcinoma Undergoing Hepatectomy. J. Gastrointest. Surg. 2009, 13, 1627–1635. [CrossRef]

14. Franken, L.C.; Schreuder, A.M.; Roos, E.; van Dieren, S.; Busch, O.R.; Besselink, M.G.; van Gulik, T.M. Morbidity and mortality
after major liver resection in patients with perihilar cholangiocarcinoma: A systematic review and meta-analysis. Surgery 2019,
165, 918–928. [CrossRef]

15. Zhang, G.; Meng, S.; Li, R.; Ye, J.; Zhao, L. Clinical significance of sarcopenia in the treatment of patients with primary hepatic
malignancies, a systematic review and meta-analysis. Oncotarget 2017, 8, 102474–102485. [CrossRef] [PubMed]

16. Lodewick, T.M.; van Nijnatten, T.J.; van Dam, R.M.; van Mierlo, K.; Dello, S.A.W.G.; Neumann, U.P.; Damink, S.W.M.O.; Dejong,
C.H.C. Are sarcopenia, obesity and sarcopenic obesity predictive of outcome in patients with colorectal liver metastases? HPB Off.
J. Int. Hepato-Pancreato Biliary Assoc. 2015, 17, 438–446. [CrossRef]

17. Peng, P.D.; van Vledder, M.G.; Tsai, S.; de Jong, M.C.; Makary, M.; Ng, J.; Edil, B.H.; Wolfgang, C.L.; Schulick, R.D.; Choti, M.A.;
et al. Sarcopenia negatively impacts short-term outcomes in patients undergoing hepatic resection for colorectal liver metastasis.
HPB Off. J. Int. Hepato-Pancreato Biliary Assoc. 2011, 13, 439–446. [CrossRef]

18. Valero, V.; Amini, N.; Spolverato, G.; Weiss, M.J.; Hirose, K.; Dagher, N.; Wolfgang, C.L.; Cameron, A.A.; Philosophe, B.; Kamel,
I.R.; et al. Sarcopenia Adversely Impacts Postoperative Complications Following Resection or Transplantation in Patients with
Primary Liver Tumors. J. Gastrointest. Surg. 2015, 19, 272–281. [CrossRef]

19. Albano, D.; Messina, C.; Vitale, J.A.; Sconfienza, L.M. Imaging of sarcopenia: Old evidence and new insights. Eur. Radiol. 2020, 30,
2199–2208. [CrossRef]

20. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyère, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.; Sayer, A.A.; et al.
Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16–31. [CrossRef]

21. Jones, K.; Gordon-Weeks, A.; Coleman, C.; Silva, M. Radiologically Determined Sarcopenia Predicts Morbidity and Mortality
Following Abdominal Surgery: A Systematic Review and Meta-Analysis. World J. Surg. 2017, 41, 2266–2279. [CrossRef]

22. Aubrey, J.; Esfandiari, N.; Baracos, V.E.; Buteau, F.A.; Frenette, J.; Putman, C.T.; Mazurak, V.C. Measurement of skeletal muscle
radiation attenuation and basis of its biological variation. Acta Physiol. 2014, 210, 489–497. [CrossRef]

23. Martin, D.; Roulin, D.; Takamune, Y.; Demartines, N.; Halkic, N. Preoperative assessment for extended hepatic resection. Rev.
Med. Suisse 2016, 12, 1180–1184.

24. Melloul, E.; Hübner, M.; Scott, M.; Snowden, C.; Prentis, J.; DeJong, C.H.C.; Garden, O.J.; Farges, O.; Kokudo, N.; Vauthey, J.-N.;
et al. Guidelines for Perioperative Care for Liver Surgery: Enhanced Recovery After Surgery (ERAS) Society Recommendations.
World J. Surg. 2016, 40, 2425–2440. [CrossRef]

http://doi.org/10.1007/s00520-019-04767-4
http://www.ncbi.nlm.nih.gov/pubmed/30955115
http://doi.org/10.4240/wjgs.v8.i1.27
http://www.ncbi.nlm.nih.gov/pubmed/26843911
http://doi.org/10.1093/ageing/afq034
http://doi.org/10.1016/j.jamda.2013.11.025
http://doi.org/10.2214/AJR.15.14635
http://www.ncbi.nlm.nih.gov/pubmed/26102307
http://doi.org/10.3389/fgene.2021.688526
http://doi.org/10.1016/j.biocel.2013.04.025
http://doi.org/10.1007/s13539-014-0161-y
http://doi.org/10.1007/BF02982704
http://doi.org/10.1007/BF02982705
http://doi.org/10.1097/SLA.0000000000002679
http://www.ncbi.nlm.nih.gov/pubmed/29373365
http://doi.org/10.1007/s00595-014-0863-y
http://www.ncbi.nlm.nih.gov/pubmed/24526292
http://doi.org/10.1007/s11605-009-0933-4
http://doi.org/10.1016/j.surg.2019.01.010
http://doi.org/10.18632/oncotarget.19687
http://www.ncbi.nlm.nih.gov/pubmed/29254263
http://doi.org/10.1111/hpb.12373
http://doi.org/10.1111/j.1477-2574.2011.00301.x
http://doi.org/10.1007/s11605-014-2680-4
http://doi.org/10.1007/s00330-019-06573-2
http://doi.org/10.1093/ageing/afy169
http://doi.org/10.1007/s00268-017-3999-2
http://doi.org/10.1111/apha.12224
http://doi.org/10.1007/s00268-016-3700-1


Cancers 2022, 14, 261 11 of 12

25. Kondrup, J.; Rasmussen, H.H.; Hamberg, O.; Stanga, Z. Nutritional risk screening (NRS 2002): A new method based on an
analysis of controlled clinical trials. Clin. Nutr. 2003, 22, 321–336. [CrossRef]

26. 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]

27. Rahbari, N.N.; Garden, O.J.; Padbury, R.; Brooke-Smith, M.; Crawford, M.; Adam, R.; Koch, M.; Makuuchi, M.; Dematteo, R.P.;
Christophi, C.; et al. Posthepatectomy liver failure: A definition and grading by the International Study Group of Liver Surgery
(ISGLS). Surgery 2011, 149, 713–724. [CrossRef] [PubMed]

28. Koch, M.; Garden, O.J.; Padbury, R.; Rahbari, N.N.; Adam, R.; Capussotti, L.; Fan, S.T.; Yokoyama, Y.; Crawford, M.; Makuuchi,
M.; et al. Bile leakage after hepatobiliary and pancreatic surgery: A definition and grading of severity by the International Study
Group of Liver Surgery. Surgery 2011, 149, 680–688. [CrossRef]

29. Ibtehaz, N.; Rahman, M.S. MultiResUNet: Rethinking the U-Net architecture for multimodal biomedical image segmentation.
Neural Netw. Off. J. Int. Neural Netw. Soc. 2020, 121, 74–87. [CrossRef] [PubMed]

30. Koitka, S.; Kroll, L.; Malamutmann, E.; Oezcelik, A.; Nensa, F. Fully automated body composition analysis in routine CT imaging
using 3D semantic segmentation convolutional neural networks. Eur. Radiol. 2021, 31, 1795–1804. [CrossRef] [PubMed]

31. Schneider, M.; Hübner, M.; Becce, F.; Koerfer, J.; Collinot, J.; Demartines, N.; Hahnloser, D.; Grass, F.; Martin, D. Sarcopenia and
major complications in patients undergoing oncologic colon surgery. J. Cachexia Sarcopenia Muscle 2021, 12, 1757–1763. [CrossRef]
[PubMed]

32. Graffy, P.M.; Liu, J.; Pickhardt, P.J.; Burns, J.E.; Yao, J.; Summers, R.M. Deep learning-based muscle segmentation and quantification
at abdominal CT: Application to a longitudinal adult screening cohort for sarcopenia assessment. Br. J. Radiol. 2019, 92, 20190327.
[CrossRef]

33. Burns, J.E.; Yao, J.; Chalhoub, D.; Chen, J.J.; Summers, R.M. A Machine Learning Algorithm to Estimate Sarcopenia on Abdominal
CT. Acad. Radiol. 2020, 27, 311–320. [CrossRef]

34. Goodpaster, B.H.; Kelley, D.E.; Thaete, F.L.; He, J.; Ross, R. Skeletal muscle attenuation determined by computed tomography is
associated with skeletal muscle lipid content. J. Appl. Physiol. 2000, 89, 104–110. [CrossRef] [PubMed]

35. Viddeleer, A.R.; Raaphorst, J.; Min, M.; Beenen, L.F.; Scheerder, M.J.; Vlaar, A.P.; Beudel, M.; Hemke, R.; de Bruin, S.; Schuurmans,
A.; et al. Intramuscular adipose tissue at level Th12 is associated with survival in COVID-19. J. Cachex-Sarcopenia Muscle 2021, 12,
823–827. [CrossRef]

36. Nishigori, T.; Okabe, H.; Tanaka, E.; Tsunoda, S.; Hisamori, S.; Sakai, Y. Sarcopenia as a predictor of pulmonary complications
after esophagectomy for thoracic esophageal cancer. J. Surg. Oncol. 2016, 113, 678–684. [CrossRef]

37. Prado, C.M.; Lieffers, J.R.; McCargar, L.J.; Reiman, T.; Sawyer, M.B.; Martin, L.; Baracos, V.E. 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]

38. Pecorelli, N.; Carrara, G.; DE Cobelli, F.; Cristel, G.; Damascelli, A.; Balzano, G.; Beretta, L.; Braga, M. Effect of sarcopenia and
visceral obesity on mortality and pancreatic fistula following pancreatic cancer surgery. BJS 2016, 103, 434–442. [CrossRef]

39. Voron, T.; Tselikas, L.; Pietrasz, D.; Pigneur, F.; Laurent, A.; Compagnon, P.; Salloum, C.; Luciani, A.; Azoulay, D. Sarcopenia
Impacts on Short- and Long-term Results of Hepatectomy for Hepatocellular Carcinoma. Ann. Surg. 2015, 261, 1173–1183.
[CrossRef]

40. Berardi, G.; Antonelli, G.; Colasanti, M.; Meniconi, R.; Guglielmo, N.; Laurenzi, A.; Ferretti, S.; Sandri, G.B.L.; Spagnoli, A.;
Moschetta, G.; et al. Association of Sarcopenia and Body Composition With Short-term Outcomes After Liver Resection for
Malignant Tumors. JAMA Surg. 2020, 155, e203336. [CrossRef] [PubMed]

41. Barbat-Artigas, S.; Rolland, Y.; Vellas, B.; Aubertin-Leheudre, M. Muscle Quantity Is Not Synonymous With Muscle Quality. J.
Am. Med. Dir. Assoc. 2013, 14, 852.e1–852.e7. [CrossRef]

42. Correa, C.S.; Baroni, B.M.; Radaelli, R.; Lanferdini, F.J.; Cunha, G.D.S.; Reischak-Oliveira, Á.; Vaz, M.A.; Pinto, R.S. Effects of
strength training and detraining on knee extensor strength, muscle volume and muscle quality in elderly women. Age 2013, 35,
1899–1904. [CrossRef] [PubMed]

43. Cao, Q.; Xiong, Y.; Zhong, Z.; Ye, Q. Computed Tomography-Assessed Sarcopenia Indexes Predict Major Complications following
Surgery for Hepatopancreatobiliary Malignancy: A Meta-Analysis. Ann. Nutr. Metab. 2019, 74, 24–34. [CrossRef]

44. Otsuji, H.; Yokoyama, Y.; Ebata, T.; Igami, T.; Sugawara, G.; Mizuno, T.; Nagino, M. Preoperative Sarcopenia Negatively Impacts
Postoperative Outcomes Following Major Hepatectomy with Extrahepatic Bile Duct Resection. World J. Surg. 2015, 39, 1494–1500.
[CrossRef] [PubMed]

45. Harimoto, N.; Shirabe, K.; Yamashita, Y.-I.; Ikegami, T.; Yoshizumi, T.; Soejima, Y.; Ikeda, T.; Maehara, Y.; Nishie, A.; Yamanaka, T.
Sarcopenia as a predictor of prognosis in patients following hepatectomy for hepatocellular carcinoma. Br. J. Surg. 2013, 100,
1523–1530. [CrossRef]

46. Linge, J.; Heymsfield, S.B.; Leinhard, O.D. On the Definition of Sarcopenia in the Presence of Aging and Obesity—Initial Results
from UK Biobank. J. Gerontol. Ser. A Boil. Sci. Med. Sci. 2020, 75, 1309–1316. [CrossRef] [PubMed]

47. Roubenoff, R. Sarcopenic Obesity: The Confluence of Two Epidemics. Obes. Res. 2004, 12, 887–888. [CrossRef]
48. Stenholm, S.; Harris, T.B.; Rantanen, T.; Visser, M.; Kritchevsky, S.B.; Ferrucci, L. Sarcopenic obesity: Definition, cause and

consequences. Curr. Opin. Clin. Nutr. Metab. Care 2008, 11, 693–700. [CrossRef]

http://doi.org/10.1016/S0261-5614(02)00214-5
http://doi.org/10.1097/01.sla.0000133083.54934.ae
http://doi.org/10.1016/j.surg.2010.10.001
http://www.ncbi.nlm.nih.gov/pubmed/21236455
http://doi.org/10.1016/j.surg.2010.12.002
http://doi.org/10.1016/j.neunet.2019.08.025
http://www.ncbi.nlm.nih.gov/pubmed/31536901
http://doi.org/10.1007/s00330-020-07147-3
http://www.ncbi.nlm.nih.gov/pubmed/32945971
http://doi.org/10.1002/jcsm.12771
http://www.ncbi.nlm.nih.gov/pubmed/34423589
http://doi.org/10.1259/bjr.20190327
http://doi.org/10.1016/j.acra.2019.03.011
http://doi.org/10.1152/jappl.2000.89.1.104
http://www.ncbi.nlm.nih.gov/pubmed/10904041
http://doi.org/10.1002/jcsm.12696
http://doi.org/10.1002/jso.24214
http://doi.org/10.1016/S1470-2045(08)70153-0
http://doi.org/10.1002/bjs.10063
http://doi.org/10.1097/SLA.0000000000000743
http://doi.org/10.1001/jamasurg.2020.3336
http://www.ncbi.nlm.nih.gov/pubmed/32965483
http://doi.org/10.1016/j.jamda.2013.06.003
http://doi.org/10.1007/s11357-012-9478-7
http://www.ncbi.nlm.nih.gov/pubmed/23014987
http://doi.org/10.1159/000494887
http://doi.org/10.1007/s00268-015-2988-6
http://www.ncbi.nlm.nih.gov/pubmed/25651963
http://doi.org/10.1002/bjs.9258
http://doi.org/10.1093/gerona/glz229
http://www.ncbi.nlm.nih.gov/pubmed/31642894
http://doi.org/10.1038/oby.2004.107
http://doi.org/10.1097/MCO.0b013e328312c37d


Cancers 2022, 14, 261 12 of 12

49. Vincent, H.K.; Raiser, S.N.; Vincent, K.R. The aging musculoskeletal system and obesity-related considerations with exercise.
Ageing Res. Rev. 2012, 11, 361–373. [CrossRef]

50. Tijerina, A.J. The Biochemical Basis of Metabolism in Cancer Cachexia. Dimens. Crit. Care Nurs. 2004, 23, 237–243. [CrossRef]
51. Aoyagi, T.; Terracina, K.P.; Raza, A.; Matsubara, H.; Takabe, K. Cancer cachexia, mechanism and treatment. World J. Gastrointest.

Oncol. 2015, 7, 17–29. [CrossRef]
52. Shafiee, G.; Keshtkar, A.; Soltani, A.; Ahadi, Z.; Larijani, B.; Heshmat, R. Prevalence of sarcopenia in the world: A systematic

review and meta- analysis of general population studies. J. Diab. Metab. Disord. 2017, 16, 21. [CrossRef]
53. Gallagher, D.; Visser, M.; De Meersman, R.E.; Sepúlveda, D.; Baumgartner, R.N.; Pierson, R.N.; Harris, T.; Heymsfield, S.B.

Appendicular skeletal muscle mass: Effects of age, gender, and ethnicity. J. Appl. Physiol. 1997, 83, 229–239. [CrossRef]
54. Forbes, G.B. Longitudinal changes in adult fat-free mass: Influence of body weight. Am. J. Clin. Nutr. 1999, 70, 1025–1031.

[CrossRef] [PubMed]
55. Kim, Y.J.; Tamadon, A.; Park, H.T.; Kim, H.; Ku, S.-Y. The role of sex steroid hormones in the pathophysiology and treatment of

sarcopenia. Osteoporos. Sarcopenia 2016, 2, 140–155. [CrossRef]
56. Wang, H.; Yang, R.; Xu, J.; Fang, K.; Abdelrahim, M.; Chang, L. Sarcopenia as a predictor of postoperative risk of complications,

mortality and length of stay following gastrointestinal oncological surgery. Ann. R. Coll. Surg. Engl. 2021, 103, 630–637. [CrossRef]
57. Carli, F.; Scheede-Bergdahl, C. Prehabilitation to Enhance Perioperative Care. Anesthesiol. Clin. 2015, 33, 17–33. [CrossRef]
58. Wackenthaler, A.; Molière, S.; Artzner, T.; Michard, B.; Schenck, M.; Addeo, P.; Besch, C.; Bachellier, P.; Schneider, F.; Veillon, F.;

et al. Pre-operative CT scan helps predict outcome after liver transplantation for acute-on-chronic grade 3 liver failure. Eur. Radiol.
2021, 32, 1–10. [CrossRef] [PubMed]

59. Englesbe, M.J.; Patel, S.; He, K.; Lynch, R.J.; Schaubel, D.E.; Harbaugh, C.; Holcombe, S.A.; Wang, S.C.; Segev, D.L.; Sonnenday,
C.J. Sarcopenia and Mortality after Liver Transplantation. J. Am. Coll. Surg. 2010, 211, 271–278. [CrossRef] [PubMed]

60. Sriputtha, S.; Khuntikeo, N.; Promthet, S.; Kamsa-Ard, S. Survival rate of intrahepatic cholangiocarcinoma patients after surgical
treatment in Thailand. Asian Pac. J. Cancer Prev. 2013, 14, 1107–1110. [CrossRef] [PubMed]

61. Altekruse, S.F.; McGlynn, K.A.; Dickie, L.A.; Kleiner, D. Hepatocellular Carcinoma Confirmation, Treatment, and Survival in
Surveillance, Epidemiology, and End Results Registries, 1992. Hepatology 2012, 55, 476–482. [CrossRef] [PubMed]

62. Allard, M.M.A.; Adam, R.; Giuliante, F.; Lapointe, R.; Hubert, C.; Ijzermans, J.N.M.; Mirza, D.; Elias, D.; Laurent, C.; Gruenberger,
T.; et al. Long-term outcomes of patients with 10 or more colorectal liver metastases. Br. J. Cancer 2017, 117, 604–611. [CrossRef]

63. Boutin, R.D.; Kaptuch, J.M.; Bateni, C.P.; Chalfant, J.S.; Yao, L. Influence of IV Contrast Administration on CT Measures of
Muscle and Bone Attenuation: Implications for Sarcopenia and Osteoporosis Evaluation. Am. J. Roentgenol. 2016, 207, 1046–1054.
[CrossRef] [PubMed]

64. Ekiz, T.; Ata, A.M.; Kara, M.; Özçakar, L. In silico diagnosis for sarcopenia is not possible without anthropometric, strength, and
performance assessments. Skelet. Radiol. 2021, 50, 463–464. [CrossRef] [PubMed]

65. Tamandl, D.; Paireder, M.; Asari, R.; Baltzer, P.; Schoppmann, S.F.; Ba-Ssalamah, A. Markers of sarcopenia quantified by computed
tomography predict adverse long-term outcome in patients with resected oesophageal or gastro-oesophageal junction cancer. Eur.
Radiol. 2016, 26, 1359–1367. [CrossRef] [PubMed]

66. Salinas-Miranda, E.; Deniffel, D.; Dong, X.; Healy, G.M.; Khalvati, F.; O’Kane, G.M.; Knox, J.; Bathe, O.F.; Baracos, V.E.; Gallinger,
S.; et al. Prognostic value of early changes in CT-measured body composition in patients receiving chemotherapy for unresectable
pancreatic cancer. Eur. Radiol. 2021, 31, 8662–8670. [CrossRef]

http://doi.org/10.1016/j.arr.2012.03.002
http://doi.org/10.1097/00003465-200411000-00001
http://doi.org/10.4251/wjgo.v7.i4.17
http://doi.org/10.1186/s40200-017-0302-x
http://doi.org/10.1152/jappl.1997.83.1.229
http://doi.org/10.1093/ajcn/70.6.1025
http://www.ncbi.nlm.nih.gov/pubmed/10584047
http://doi.org/10.1016/j.afos.2016.06.002
http://doi.org/10.1308/rcsann.2021.0082
http://doi.org/10.1016/j.anclin.2014.11.002
http://doi.org/10.1007/s00330-021-08131-1
http://www.ncbi.nlm.nih.gov/pubmed/34173847
http://doi.org/10.1016/j.jamcollsurg.2010.03.039
http://www.ncbi.nlm.nih.gov/pubmed/20670867
http://doi.org/10.7314/APJCP.2013.14.2.1107
http://www.ncbi.nlm.nih.gov/pubmed/23621195
http://doi.org/10.1002/hep.24710
http://www.ncbi.nlm.nih.gov/pubmed/21953588
http://doi.org/10.1038/bjc.2017.218
http://doi.org/10.2214/AJR.16.16387
http://www.ncbi.nlm.nih.gov/pubmed/27556335
http://doi.org/10.1007/s00256-020-03554-1
http://www.ncbi.nlm.nih.gov/pubmed/32683498
http://doi.org/10.1007/s00330-015-3963-1
http://www.ncbi.nlm.nih.gov/pubmed/26334504
http://doi.org/10.1007/s00330-021-07899-6

	Introduction 
	Materials and Methods 
	Study Design and Patients 
	Sarcopenia Assessment 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

