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The prevalence and the impact of sarcopenia in digestive cancers. A systematic review
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Introduction: Sarcopenia is characterized by a decrease in skeletal muscle mass, associated
with low muscle strength and/or poor physical performance. Assessing the prevalence of sarcopenia
among digestive cancers and establishing the impact that sarcopenia has on the postoperative
evolution of digestive tumors may be a central pillar in improving postoperative outcomes by caring
for perioperative sarcopenia.

This brief review aimed to evaluate the prevalence of sarcopenia in digestive cancer patients.

Method and materials: PubMed database was searched for “sarcopenia” AND “digestive
cancers” from January 1st, 2010, through September 30th, 2020. PRISMA guideline was used for this
systematic review. After the selection process, 31 complete studies were included in our review.

Assessment of sarcopenia diagnosis for the studies included in this systematic review was based
on a computed tomographic calculation of the skeletal muscle index at the third lumbar vertebra.

Results: Among a total of 11,651 patients with digestive cancers, the prevalence of
sarcopenia was 43.68%.

The highest prevalence of sarcopenic patients was in esophageal (70.4%) and hepatic (60.3%)
cancer, following by biliary tract (49.3%), pancreatic (45.70%), colorectal (42.83%) cancer, and
gastric cancer (32.05%) with the lowest prevalence.

The results of the studies conducted by now regarding the prevalence of sarcopenia in
digestive cancers and its relevance in the evolution of these cancers are discordant and uneven.

Some studies show that the presence of sarcopenia in patients with digestive cancers is
associated with an increased rate of postoperative complications, increased toxicity of chemotherapeutics
and increased mortality. Other studies do not find sarcopenia as an independent risk factor associated
with negative consequences in the course of patients with digestive cancers.

Conclusions: Sarcopenia is prevalent in digestive cancers. There is still no consensus about
the impact of sarcopenia on the treatment of digestive cancers. Further studies are needed to evaluate
the real consequences of sarcopenia in digestive cancers..
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INTRODUCTION

According to the updated definition of the
European Working Group on Sarcopenia in Older
People (EWGSOP), sarcopenia is a muscle disease
defined as a progressive decrease in the quality and
quantity of skeletal muscle and deterioration of
physical function and performance [1]. Sarcopenia is
probable when low muscle strength is detected, but the
diagnosis is confirmed by the presence of low muscle
quantity or quality. When low muscle strength, low
muscle quantity/quality, and low physical performance
are all detected, sarcopenia is considered severe [1].

The loss of muscle mass and strength
accompanying aging is called primary sarcopenia
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and could be regarded as a normal and
physiological phenomenon. Sarcopenia which
occurs and worsens concomitantly with oncologic
and inflammatory systemic diseases, some type of
chronic diseases, or following polytrauma is
considered secondary sarcopenia (SeS).

Among the first who analyzed the primary
sarcopenia was Mcdonald Critchley, a neurologist
at Kings College Hospital in London, in 1931. In
1970, Nathan Shock published a series of articles
about this topic. The term sarcopenia was
suggested by Irwin Rosenberg at a meeting in
Albuguerque, New Mexico, in 1988 [2].

Between 1979 and 1981, Heymsfield and
collab. were the first who reported the use of
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computed tomography (CT) images to evaluate
skeletal muscle mass and adipose tissue. [3] In
2008, Prado et al. showed that a low L3 muscle
index was associated with muscular impairment in
patients with malignant disorders of the upper
respiratory tract and digestive tract [4].

The recommended method as a “gold
standard” for the diagnostic of sarcopenia in
digestive cancers is the calculated skeletal muscle
index (SMI) by computed tomography method [1,5].
Using specialized software, the appendicular skeletal
muscle mass (ASM) at lumbar L3/L4 is calculated,
then SMI, using the formula ASM/height?. The cut-
off points for men and women are: ASM <20 kg,
and respectively 15 kg and SMI <7.0 kg/m?, and
respectively <5.5 kg/m? [1].

Skeletal muscle mass (SMM) is accounting
for 30-40% of total body weight [6], [7]. Approxi-
mately 75% of SMM is located in the appendicular
region [8].

The appendicular skeleton includes the
bones of the shoulder belt, the upper limbs, the
pelvic belt, and the lower limbs [9]. Reduction of
appendicular skeletal muscle mass (ASMM ) as a
surrogate for sarcopenia is accompanied by negative
health consequences such as weakness, disability,
deteriorated quality of life (QOL), and mortality
resulting in increased health care costs [10].

Using CT evaluation at lumbar L3, Prado et al.
proposed for the diagnosis of sarcopenia a new
formula based on the skeletal muscle area (SMA),
which correlates with the whole-body skeletal muscle
mass. The formula used is SMI = SMA/height?
and the normal values are <52.4 cm? /m? for males,
and <38.5 cm¥m? for females [4].

Dual-energy x-ray absorptiometry (DXA)
are used to measure the SMM with high accuracy,
but are expensive and not widely accessible and
usually have high radiation exposure [11].

In recent years interest in sarcopenia
associated with cancers has increased. As proof, the
number of publications on the topic of secondary
sarcopenia increased progressively, from 5 in 2010
to 61 papers in 2019 and 46 in 2020 [12].

Considering the increased prevalence of
sarcopenia among digestive cancers [4,5], and the
negative impact of preoperative sarcopenia on the post-
operative outcomes in gastrointestinal cancers [13,14],
a guideline for the diagnosis and management of
sarcopenia in these patients may be useful.

The present systematic review aims to
analyze the prevalence of sarcopenia in patients
with digestive cancers.

This systematic review intended to sumarize
the literature sparse data on the prevalence of
sarcopenia in digestive cancers, without being
limited to a specific segment of the digestive tract or
organ and whithout being limited by stage disease.

MATERIALS AND METHODS

For this systematic review, the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guideline was used [15].

Search strategy

We performed a systematic literature search
on PubMed, Web of Knowledge, and Scopus
databases from January 2010 to September 2020.
The last search was on 30th September 2020.

The search query terms were: “sarcopenia”
[MeSH Terms] OR” sarcopenia” [All Fields] AND
“neoplasms” [MeSH Terms] OR “neoplasms” [All
Fields] OR “cancers” [All Fields) AND
“gastrointestinal neoplasms” [MeSH Terms] OR
“gastrointestinal neoplasms” [All Fields])) AND
“gastrointestinal cancer” [MeSH Terms] OR
“gastrointestinal cancers” [All Fields]/AND “pan-
creatic cancer/hepatic cancer/cholangiocarcinoma”
[MeSH Terms] OR “pancreatic cancer/hepatic
cancer/cholangiocarcinoma” [All Fields].

We considered for inclusion the full-text
publications, in English. We subsequently included
articles identified in other reviews, which were not
found by the search strategy.

Eligibility criteria

The main criteria used for selecting the
articles were: 1. reporting the prevalence of
sarcopenia 2. the diagnosis of sarcopenia to be
assessed by computed tomography method 3. a
definite diagnosis of a gastrointestinal neoplasm
(esophageal, gastric, colorectal, pancreatic,
hepatic, or cholangiocarcinoma) of any stage,
according to the TNM classification.

For the diagnosis of sarcopenia, we considered
the computed tomography at the level of the third
lumbar vertebra (L3) method and the calculated SMI
based on total abdominal muscle area (TAMA), total
psoas area (TPA), skeletal muscle mass (SMM), or
appendicular skeletal muscle mass (ASM) adjusted
by height. The cut-off values for the SMI were
considered those recommended by the European
Working Group on Sarcopenia in Older People
(EWGSOP)[[1]] and the Asian Working Group
for Sarcopenia (AWGS) [16].
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We excluded the publications reporting the pre-
valence of secondary sarcopenia using other methods
different from CT scan at the level of L3 vertebra.

Two authors (CH and LEM) independently
analyzed the studies for eligibility. The differences
were discussed with other authors until a consensus
was reached.

Data collection

For each study included we collected the
data regarding the type of study and publication
year, the population (humber of patients, sex, mean

Fair quality (6-7 points)

age), the prevalence, and method of assessment of
sarcopenia, the type of cancer, the distribution of
patients on the different types of cancer, data
regarding morbidity and mortality.

Quiality assessment

The Newcastle-Ottawa assessment scale for
case-control studies was used to assess the study
quality [17]. The studies were classified as low
quality (score <5 points), fair quality (6—7 points),
and good quality 8-9 points) (Figure 1).

Good quality (8-9 points)
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Figure 1. Quality assesment scale chart.
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these, 31 publications fulfilled the inclusion

RESULTS oS Ol . :
criteria (Figure 2). 12 studies were considered
251 papers were identified through database with fair quality, and 19 with good quality
searching. After screening of the title and abstract, according to the quality assessment.

76 full-text articles were considered eligible. Of

251 records identified through

databases search
175 records excluded after screening of the
title and abstract
¥+ not patients with digestive cancer
*  EVIEWs Or meta-analyses
+ duplicates
Y
76 full text articles considered for
elligibility

45 articles not fulfilling eligibility criteria
* 10 CT method for sarcopenia diagnosts

» ot conventional formulas used

*  not only digestive cancer patients

*  nodetarled data reparding sarcopema

. i

Y

31 articles included in the final
analyses

Figure 2. PRISMA chart. 25 were retrospective cohort studies, and 6 were prospective cohort studies.
A summary of the main characteristics of the included studies is provided in Table 1.
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Most patients (93.8%) underwent curative
surgery or surgery and adjuvant chemotherapy.
From studies that reported data on gender
distribution, the curative treatment was seen
slightly more frequently in males (53.3%).

Only sparse studies reported the
prevalence of malnutrition in association with
sarcopenia. One study reported the prevalence
of sarcopenia in malnourished and well-
nourished patients with colorectal cancer. In
these patients, sarcopenia was found more often
in the malnourished patients compared to well-
nourished patients (55.8% vs 31.9%, respect-
tively) [25].

Two studies found a postoperative compli-
cations risk higher for sarcopenic patients than for
non-sarcopenic patients [14,30], whereas three

studies did not find a significant difference in this
regard between sarcopenic and non-sarcopenic
patients [19,40,48].

Despite the heterogeneity of reported data
regarding the mortality, nine studies with
digestive cancers, with stages ranging from | to
111 showed that overall survival and disease-free
survival were lower in sarcopenic patients,
follow up from 1 year to 5 years postoperatively
(Table 4) [23], [26,27,29,37-39,42-46]. Interes-
tingly, one study showed that the median
survival time in patients with pancreatic cancer
was lower for sarcopenic obesity but not for
sarcopenic without obesity [39].

Recurrence rates after operated pancreatic
cancer were significantly higher in sarcopenic
patients [34].

Table 4
Mortality and sarcopenia in patients with digestive cancer
Study Disease-free survival Median survival time Mortality
. Non- . Non- . Non-
Sarcopenia . Sarcopenia . Sarcopenia .
sarcopenia sarcopenia sarcopenia
Grotenhuis et al. [13] 45% 55% 6% 4%
E‘é‘]“terhu's WPM No: 54 No: 66 18% 4%
0, 0,
Dolan et al. [23] 36.61% at 5 49.53% at 5
years years
0,
Choi et al. [29] 21.6%at5 | 7 gogats5
years
years
El Amranietal. [37] | 11.1 months | 22.5 months
van Dijk et al. [38] 10.8 months | 18.5 months
Ninomiya et al. [39] 23.7 months | 25.8 months
Begini et al. [43] 66 weeks 123 weeks
Takagi et al. [44] 58.2% 82.4%

The rest of the studies expressed the
relationship between sarcopenia and mortality
through multivariate analyzes, ClI and HR or had
other endpoints, such as: the relationship between
sarcopenia and chemotherapy  toxicity, the
relationship between sarcopenia and systemic
inflammatory response and the relationship between
sarcopenia and postoperative complications.

DISCUSSIONS

In our systematic review, we demonstrated
a high prevalence of secondary sarcopenia
(43.68%) in patients with any form of
gastrointestinal cancer. A strength of our study

resides in the selection of studies with pre-
specified cut-off points for defining SeS, based on
EWGSOP recommendations. This approach may
provide a prevalence closer to reality compared to
analysis including studies with cut-off points
relying on the data within.

Our analysis showed SeS is not uniformly
distributed among different types of digestive
cancer. The highest incidence was seen in
esophageal cancer which may be explained by the
fact this type of cancer is usually accompanied by
difficulties of feeding. The lowest prevalence of
SeS was seen in patients with gastric cancer. We
were not able to perform a reliable analysis of the
prevalence of SeS based on different TNM stages
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because of a lack of reporting necessary data in
the included studies. However, the present study
signal for anon-uniform distribution may provide
a starting point for future risk stratification for
SeS based on the type of cancer and grading.

The relationship between SeS and post-
operative complications remains unclear, only two
studies from our selection demonstrating a higher
incidence of such complications in sarcopenic
patients. However, a recent meta-analysis showed
SeS as a predictor for postoperative complications
in patients with gastrointestinal neoplasms [49].
Further trials should assess more clearly the impact
of sarcopenia on curative outcomes not only
concerning the type of cancer but probably also
other factors, like TNM staging, to elaborate
effective pre-operative management of these
patients.

Nine studies demonstrated increased
mortality in patients with digestive cancer and
SeS. In one study the mortality was up to 3 times
higher in sarcopenic patients [25]. The assessment
of the role of SeS on the survival rate of these
patients is difficult, as there are different factors,
more or less known, that may contribute to the
prognosis. For example, in the case of esophageal
cancer, it is characteristic to associate eating
disorder that may lead to malnutrition and
cachexia, making difficult to analyze the direct
impact of sarcopenia in the evolution of such
patients. Among patients with esophageal cancer,
stage IV (TNM), toxicity-related chemotherapy,
and survival were not associated with sarcopenia
[18]. Also, in stage IIl TNM esophageal cancer
treated with neoadjuvant chemoradiotherapy
followed by esophagectomy, the presence of
sarcopenia was not associated with negative short-
and long-term outcome [13,50]. Conversely, one
study showed that patients with gastric cancer
who had preoperative sarcopenia and were
converted to non-sarcopenic status did not present
major postoperative complications [51]. Also, the
phenotype of sarcopenia may play a role. In
patients with pancreatic cancer, the sarcopenia
associated with obesity had lower survival time
compared to non-obese sarcopenia [39].

Given the impact of sarcopenia, the
accuracy of diagnosis is of utmost importance. We
included in our analysis only studies that
diagnosed sarcopenia based on the CT scan
method. This is a reliable method regardless of the
software (like FatSeg, OsiriX, ImageJ, and
sliceOmatic) used for measurements [52]. Various

calculation formulas for sarcopenia are found in
the literature. For obtaining comparable results it
would be ideal to use a unique calculation
formula. Therefore, we included in our study only
trials that used the most recommended formulas
for the diagnosis of SeS, meaning SMI based on
skeletal muscle mass or skeletal muscle area
parameters [1,4]. However, the CT method is
difficult and time-consuming, requiring spe-
cialized equipment and personnel, thus not always
available. Further research for a new less time-
consuming and cheaper diagnostic tool for SeS,
simpler and reproducible, is necessary.

Lastly, the early diagnosis of sarcopenia
and timing of therapeutic intervention may reflect
on costs, as the hospitalization costs are
significantly higher in sarcopenic patients [47].

LIMITATIONS

Our review has several limitations. The
distribution of the number of patients among types
of digestive cancers is significantly different.
Many studies did not provide data related to
cancer staging and the impact of sarcopenia in
surgical and chemo/radiotherapy treatment. Thus,
the data regarding the relationship between
sarcopenia and curative treatments or severity of
the disease is limited.

There is a risk of bias regarding the
diagnosis of sarcopenia. Even if the diagnosis of
sarcopenia was made using the CT scan method at
the level of the lumbar vertebra 3, the SMI was
calculated using different formulas. Also, the
prevalence of SeS may differ if diagnostic
methods other than CT are used.

CONCLUSIONS

1) Secondary sarcopenia is highly prevalent
among patients with digestive cancer.

2) It was most frequently associated with
esophageal cancer, followed by hepatic and biliary
tract cancer. The least prevalence was in gastric
cancer.

3) It seems the presence of sarcopenia has a
negative impact on outcomes of curative treatments
and survival rate, but a definite role is unclear.

4) For clarifying this issue, a uniform
method of diagnosis and detailed data regarding
staging and outcomes in patients with digestive
cancer and sarcopenia are needed from future
studies.
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Introducere. Sarcopenia se caracterizeazd printr-o scddere a masei
musculare scheletice, asociatd cu fortda musculara scazutd si/sau performantd
fizica slaba. Evaluarea prevalentei sarcopeniei printre cancerele digestive si
stabilirea impactului pe care sarcopenia 1l are asupra evolutiei postoperatorii a
tumorilor digestive pot reprezenta un pilon central in imbundtdtirea rezultatelor
postoperatorii prin ingrijirea sarcopeniei perioperatorii.

Aceasta scurta trecere in revistd a avut drept scop evaluarea prevalentei
sarcopeniei la pacientii cu cancer digestiv.

Materiale si metodd. Baza de date PubMed a fost cautata pentru
,,sarcopenie” si ,,cancere digestive” de la I ianuarie 2010, pand la 30 septembrie
2020. Ghidul PRISMA a fost utilizat pentru aceastd revizuire sistematicd. Dupd
procesul de selectie, 31 de studii complete au fost incluse in analiza noastrd.

Evaluarea diagnosticului de sarcopenie pentru studiile incluse in aceasta
revizuire sistematicd s-a bazat pe un calcul tomografic computerizat al indicelui
muschilor scheletici la a treia vertebra lombara.

Rezultate. Dintr-un un total de 11651 pacienti cu cancer digestiv,
prevalenta sarcopeniei a fost de 43,68%.

Cea mai mare prevalentd a pacientilor sarcopenici a fost in cancerul esofagian
(70,4%) si hepatic (60,3%), urmat de tractul biliar (49,3%), pancreatic (45,70%),
colorectal (42,83%) si cancer gastric (32,05%) cu cea mai micd prevalentd.

Rezultatele studiilor efectuate pand acum cu privire la prevalenta sarcopeniei
in cancerele digestive si relevanta acesteia in evolutia acestor tipuri de cancer sunt
discordante si inegale.

Unele studii arata ca prezenta sarcopeniei la pacientii cu cancere digestive
este asociatd cu o rata crescutd de complicatii postoperatorii, o toxicitate crescutd a
chimioterapiei si 0 mortalitate crescuta. Alte studii nu gdsesc sarcopenia ca factor
de risc independent asociat cu consecinte negative la pacientii cu cancere digestive.

Concluzii. Sarcopenia este raspanditd in cancerele digestive. Incd nu existd
un consens cu privire la impactul sarcopeniei asupra tratamentului cancerelor
digestive. Sunt necesare studii suplimentare pentru a evalua consecintele reale ale
sarcopeniei in cancerele digestive.
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