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Abstract. - OBJECTIVE: Sarcopenia is a fre-
quent disorder among cancer patients. It common-
ly leads to muscle mass wasting and poor clinical
outcomes, even though it is rarely recognized and
often undertreated. The relationship between skel-
etal muscle depletion and chemotherapy toxicity
or postoperative complications is well known. The
aim of the present study was to analyze the impact
of sarcopenia on clinical outcomes of pretreated
metastatic gastric cancer (GC) patients.
PATIENTS AND METHODS: 88 pretreated GC
patients were retrospectively analyzed. Patients
were divided into two groups according to their
skeletal mass index (SMI): sarcopenic patients
with low SMI (=39 cm?m? for women and =55 cm?%/
m? for men) and non-sarcopenic patients with nor-
mal/high SMI value. The two groups were com-
pared according to outcomes and adverse events.
RESULTS: Progression-free survival (PFS) was
significantly higher in patients with normal/high
SMI than in those with low SMI (6 vs. 3.5 months,
respectively; HR 0.52). Similarly, the overall re-
sponse rate (ORR) was higher in the subgroup
with normal/high SMI (41% vs. 20%; p=0.02). Over-
all survival (OS) was not significantly different,
but multivariate analysis demonstrated that both
SMI and performance status were associated with
OS. In the sarcopenic group, the patients treated
in the second line with paclitaxel and ramucirum-
ab regimen showed a better outcome profile.
Overall, adverse events (AEs) were more frequent
in the group of patients with low SMI (p<0.0001).
CONCLUSIONS: Early recognition of sarco-
penia may contribute to personalizing second or
further lines of treatment in advanced GC and to
weigh up the potential risk of serious toxicities.
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Introduction

Gastric cancer (GC) is the fifth most common
cancer and the third leading cause of cancer
death globally!. Despite some improvement, the
prognosis remains poor>*. Surgery represents the
mainstay curative strategy; however, the disease
is commonly diagnosed in an advanced stage wi-
th a median survival lower than 1 year*s.

Chemotherapy produces a moderate survival
advantage in locally advanced and metastatic
disease but only with a palliative intent®.

Targeted treatments allow a moderate increase
in the survival of selected patients with advanced
disease. Trastuzumab, a humanized anti-HER2
monoclonal antibody, and ramucirumab, a huma-
nized anti-VEGFR2 monoclonal antibody, are the
only targeted therapies approved so far’®,

After first-line chemotherapy, the frequent wor-
sening of symptoms and performance status reduce
the expectations of further treatments. However, for
patients with preserved performance status, a se-
cond-line chemotherapy treatment is appropriate, al-
though no standard regimen has been established’".

Loss of appetite, inactivity, and toxicity are
common events in advanced GC, often leading
to malnutrition and, consequently, a signifi-
cant loss of muscle mass'?.

A loss of skeletal muscle mass due to cancer
or other inflammatory diseases is named “se-
condary sarcopenia” (to distinguish it from the
age-related “primary sarcopenia”*). In clinical
settings, sarcopenia may be defined using an
axial cross-sectional computerized tomography
(CT) image of the psoas muscle at L3 level'?".
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The role of skeletal muscle mass as a progno-
stic marker of clinical outcomes in GC patients
has been widely demonstrated'*'s. A recent me-
ta-analysis'” showed that a low muscle mass at
diagnosis is significantly associated with poorer
0OS, worse recurrence-free survival (RFS), and a
higher risk of postoperative complications in GC
patients undergoing gastrectomy.

Furthermore, cancer itself and chemotherapy
could play a direct role in the loss of muscle
mass and adipose tissue in neoplastic patien-
ts!®2l especially in GC?*77,

The aim of the present study was to analyze
the impact of sarcopenia on clinical outcomes of
pretreated metastatic GC patients.

Patients and Methods

Patients’ Selection

Clinical and radiological data of patients with
metastatic GC treated at the Medical Oncology
Department of Fondazione Policlinico Univer-
sitario “A. Gemelli” IRCCS in Rome between
January 2020 and June 2022 were retrospectively
analyzed from a prospectively collected database.

All patients were treated at least with one line
of platinum-containing therapy for metastatic GC.

Complete information regarding height, wei-
ght, treatment outcomes, and toxicities were
collected. At the beginning of any treatment
plan, all subjects signed an institutional consent
form to collect their anonymized data for future
clinical or translational research evaluation and
scientific purpose publishing.

Anthropometric Measurements

Weight and height of the patients at diagnosis
were collected.

Body mass index (BMI) was calculated accor-
ding to the International System using the formu-
la of weight/(height x height) (expressed as kilo-
grams per square meter). The World Health Orga-
nization recommended categories were used: un-
derweight, BMI<18.5; normal, 18.5<BMI<24.9;
overweight, 25<BMI<29.9; obesity, BMI>30.

Image Analysis

Muscle mass was measured by the analysis of
electronically stored computer tomography (CT)
images obtained during standard patients’ asses-
sment at the first-line disease progression before
starting the second-line treatment. Axial images
of the abdomen were exported and analyzed in a
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workstation using OSIRIX® V5.0 (Pixmeo, Sarl,
Switzerland). The third lumbar vertebra (L3),
at a level where both transverse processes were
visible, was chosen as the standard landmark.
Skeletal muscle mass was quantified based on
Hounsfield Unit (HU) thresholds (29 to +150).
To evaluate sarcopenia, skeletal muscle index
(SMI) normalized in relation to height (cm?/m?)
was calculated according to a previously descri-
bed protocol?®%.

Progression-free survival (PFS) and overall re-
sponse rate (ORR) to a second-line therapy were
chosen as primary endpoints. Overall survival
(OS) was considered as a secondary endpoint.

OS was defined as the time interval from dia-
gnosis of metastatic disease to death or last fol-
low-up visit. PFS was defined as the time interval
from the beginning of second-line therapy to the
date of clinical or radiological disease progres-
sion or treatment discontinuation.

Clinical response to treatment was defined
according to the Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.1°°. Comple-
te response (CR), partial response (PR), stable
disease (SD), or progressive disease (PD) were
classified using the imaging assessment by CT
scan, which was performed from the first disease
progression during front-line treatment at regular
intervals based on clinical needs and in any case
no longer than 3 months.

Adverse events (AEs) were defined according
to Common Terminology Criteria for Adverse
Events (CTCAE) version 4.0°".

Ethical Approval Statement

The research was performed in compliance with
the Helsinki Declaration and with the approval of
the Institutional Ethics Committee of the Catholic
University of Rome (No. PROT OM 2016-1).

At the beginning of the therapeutic protocol,
all patients signed an institutional consent form to
collect their anonymized data for future clinical
research and scientific purposes.

Statistical Analysis

Kaplan-Meier method and the log-rank test
were used to estimate PFS and OS. A Multiva-
riate Cox regression model was used to identify
the predictive effect of different variables on
PFS and OS. According to the retrospective
nature of the study, descriptive statistics with
the Exact Fisher’s test and Chi-squared test
were used to establish the significance of the
association between the presence of sarcopenia
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and other variables. All reported p-values are
two-tailed, and a level of 0.05 or lower was
considered statistically significant.

Data were analyzed using MedCal Statisti-
cal software (MedCalc version 20.115, Euro-
pean Customers, Ostend, Belgium; available
at: https://www.medcalc.org; 2022).

Results

Patients’ Characteristics

The clinical records of 210 patients with histo-
logically proven diagnoses of GC treated in our
center between January 2020 and June 2022 were
retrospectively evaluated.

Eighty-eight patients were eligible according to
the inclusion criteria. All these patients received
second-line therapy after the progression of one
of the following chemotherapy regimens: 5-fluo-
ruracil, folinic acid, oxaliplatin (FOLFOX-6),
S5-fluorouracil, folinic acid, irinotecan (FOLFIRI),
docetaxel single agent or paclitaxel and ramuciru-
mab combination. The treatment was continued
until disease progression, unacceptable toxicity,
or patient’s withdrawal. Most patients were male
(67%). The median age at diagnosis was 57 years
(range 30-78); 10% of patients were >70 years old
and were classified as “elderly”; 11% of patients
were considered malnourished according to BMI,
whereas 28% were overweight or obese.

Patients were divided into two groups accor-
ding to their SMI: 53 sarcopenic patients with

low SMI (<39 cm?/m? for women and <55 cm?/m?
for men) and 35 non-sarcopenic with normal/high
SMI values. 50% of overweight patients (BMI
>25 and <30) had sarcopenia, suggesting that sar-
copenia was highly prevalent, even in overweight
and obese patients (Figure 1).

The baseline clinical and body composition
characteristics of patients are detailed in Table 1.

At a median follow-up of 42 months, 66 death
events (75%) occurred in the study population,
24 in the non-sarcopenic and 42 in the sarcope-
nic group, respectively.

No significant relationship between SMI value
and sex, age, or BMI was found (Table I).

Response and Survival

Thirty-five (40%) patients were treated with
FOLFIRI, 14 (16%) with FOLFOX-6, 18 (21%)
with docetaxel, and 21 (23%) with paclitaxel
and ramucirumab. In the whole cohort of pa-
tients, the median PFS and the median OS were
6 and 15 months, respectively (Figure 2). PFS
was significantly longer in the non-sarcopenic
population than in the sarcopenic group (8 vs. 3
months; HR 0.52; 95% CI 0.20-0.96; p=0.01) (Fi-
gure 3). No CRs were observed. Fifteen out of 35
non-sarcopenic patients (43%) experienced a PR
in comparison to 12 out of 53 sarcopenic patients
(22%), with a statistically significant difference
(p=0.02). OS was 20 months in the normal/high
and 15 months in the low SMI group, respectively;
however, the difference was not significant (HR
0.82; 95% CI 0.41-1.63; p=0.55) (Figure 3).
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Figure 1. Distribution of Sarcopenia (Low SMI) according to BMI.
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Table I. Patients’ characteristics.

No. patients Low SMI Normal/high SMI p-value
Sex (Male) 59/88 (67%) 46/53 (88%) 13/35 (38%) 0.14
Median age (years) 57 (30-78) 58 (30-78) 54 (36-77) 0.57
Age (>70) 9/88 (10%) 6/53 (12%) 2/35 (6%) 0.61
BMI
Underweight (<18.5) 8/88 (9%) 6/53 (12%) 2/35 (6%) 0.69
Normal weight (18.5-24.9)  55/88 (63%) 34/53 (65%) 20/35 (59%)
Overweight (25-29) 18/88 (21%) 10/53 (19%) 8/35 (23%)
Obesity (>30) 6/88 (7%) 2/53 (4%) 4/35 (12%)
SMI: skeletal mass index. BMI: body mass index.
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Figure 2. Kaplan-Maier curves for PFS (A) and OS (B).
£ "o > 100
o —
© SMI 5 80
MI
8 f:g — H/NSMI g 60 =l .
= 55 — L SMI & 40 —
g s 20
:_'__3 0 . L . L = 0
a 0 10 20 30 40 50 =
Time =
Number at risk .
Numb t risk
Group: H/N SMI by
p:
35 23 8 2 2 0
35 34 2 0 0
Group: L SMI Group: 1
53 41 14 2 0 O 53 7 2 1 0
A B
Figure 3. Kaplan-Maier curves for PFS (A) and OS (B) in sarcopenic group
In a multivariate analysis including SMI, BMI, shorter OS. None of the variables considered resul-
age (>70 yrs. old), and performance status, both ted in an association with a shorter PFS (Table II).
lower SMI values (95% CI 0.56-2.47; p=0.04) There were no differences in PFS and OS in

and poor performance status (95% CI 1.07-5.02; relation to the chemotherapy regimen. In sub-

p<0.0001) were independently associated w
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have a slight PFS advantage from the treatment
with paclitaxel and ramucirumab (4 months) in
comparison to other chemotherapy regimens
(1 month) (HR 0.96; 95% CI 5.98-9.76 p=0.02).
The same effect was not observed in non-sar-
copenic patients (Figure 4).

Qol and Tolerability

During second-line treatment, no patient had an
improvement in performance status independent-
ly on SMI. Thirty-two out of 53 patients (61%) in
the low SMI group experienced AEs of any grade
during the treatment. On the contrary, no adverse
event occurred in the normal/high SMI group.
The most common AEs in sarcopenic patients
were neutropenia and diarrhea in 30% and 20%
of cases, respectively. Only 3 patients had grade
3-4 AEs. There was no treatment-related death
in either group. In patients of the low SMI group
treated with FOLFIRI, more gastrointestinal AEs
occurred (30%), whereas, in the sarcopenic po-
pulation treated with docetaxel, neutropenia was

more common (30%). Twelve patients in the SMI
group needed a dose reduction or a dose delay for
neutropenia, but there was no treatment interrup-
tion due to serious AEs (Table III).

Patients were divided into two groups, according
to their SMI: 53 sarcopenic patients with low SMI
(<39 ecm?/m? for women and <55 cm?/m? for men)
and 35 non-sarcopenic patients with normal/high
SMI values. 50% of overweight patients (BMI >25
and <30) had sarcopenia, suggesting that it was
highly prevalent, even in overweight and obese pa-
tients. In our study, sarcopenia was highly prevalent
even in overweight and obese patients, suggesting
that BMI and weight are not a suitable parameter
for evaluating individual body composition.

In the whole cohort of patients, the median
PFS and the median OS were 5 and 15 months,
respectively.

PFS was significantly higher in the non-sar-
copenic population than in the sarcopenic group
(6 vs. 3.5 months; HR 0.52; 95% CI 0.20-0.96;
p=0.04). OS was 20 months in the normal/high

Table Il. Multivariable Cox regression analysis of PFS and OS for prognostic factors.

PFS os

HR (95% ClI) for progression p-value HR (95% CI) for mortality p-value
BMI <18.5 0.49 (0.13-1.90) 0.30 0.70 (0.20-2.38) 0.57
Age >70 1.57 (0.39-6.19) 0.52 0.81 (0.21-3.11) 0.76
PSECOG 1 1.78 (0.77-4.09) 0.17 1.78 (1.07-5.02) <0.0001
Low SMI 2.39 (1.08-5.26) 0.07 1.18 (0.56-2.47) 0.04

PFS: progression-free survival. OS: overall survival. HR: hazard ratio. BMI: body mass index. PS ECOG: Performance status

Eastern Cooperative Oncology Group.
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Figure 4. Kaplan-Maier curves for PFS in sarcopenic (A) and non-sarcopenic group (B).
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Table Ill. Toxicity profile in low SMI group according to Common Terminology Criteria for Adverse Events (CTCAE) v. 4.0.

Event Grade 1 Grade 2 Grade 3 Grade 4
Hematological

Anemia 4 0 0 0
Thrombocytopenia 1 0 0 0
Neutropenia 6 0 0 1
Non hematological

Peripheral neuropathy 10 6 1 0
Stomatitis 1 1 0 0
Hypertransaminasemia 0 0 1 0
Diarrhea 2 2 0 0
Asthenia 5 2 1 0

SMI: skeletal mass index.

and 15 months in the low SMI group, respecti-
vely; the difference was not significant (HR 0.82;
95% CI 0.41-1.63; p=0.55).

In the subgroup analysis, the sarcopenic group
seemed to have a PFS advantage from treatment
with paclitaxel and ramucirumab (10 months) in
comparison to other chemotherapy regimens (HR
0.96; 95% CI 5.98-9.76 p=0.02). The same effect
was not observed in non-sarcopenic patients.

Discussion

Our study showed a prevalence of 60% of
sarcopenic status in a cohort of metastatic GC
patients. At the multivariate analysis, both lower
SMI values (95% CI 0.56-2.47; p=0.04) and poor
performance status (95% CI 1.07-5.02; p<0.0001)
were independently associated with shorter OS.
To the best of our knowledge, our study re-
presents the first experience investigating the
prognostic role of SMI in a cohort of pretreated
patients with advanced or metastatic GC, poten-
tially candidates for a further line of treatment.
Our results suggest that, at least at this stage of
GC, sarcopenia might have a prognostic role and
should be considered in the treatment planning.

PFS and ORR in the sarcopenic group were
higher in patients with paclitaxel and ramu-
cirumab in comparison to other regimens.
Despite the small sample size, this observation
seems reasonable because of the good tolera-
bility profile of weekly paclitaxel and ramu-
cirumab, prompting the hypothesis that the
choice of treatment in these frail patients may
be tailored, allowing benefits similar to those
achieved in non-sarcopenic patients.

We can argue that low SMI and a poor perfor-
mance status are strictly related.

Indeed, sarcopenia is properly defined as
both low muscle mass and muscle strength, and
severe sarcopenia is identified when poor phy-
sical performance is present'?.

The prevalence of sarcopenia in GC patients
is high and it may vary.

In our recent experience enrolling patients
with locally advanced GC undergoing preope-
rative FLOT therapy, sarcopenia was present in
19 out of 26 (73%) patients®. In a cohort of 118
Japanese patients affected by metastatic GC,
89% had baseline sarcopenia and 31% developed
muscle loss during chemotherapy'®.

More than half of GC patients are malnouri-
shed at diagnosis®. Disease-related malnutrition
(DRM) is a frequent disorder among cancer pa-
tients and even more in GC ones.

According to the European Society for Clinical
Nutrition and Metabolism (ESPEN), malnutrition
results “from the activation of systemic inflam-
mation causing anorexia and tissue breakdown
leading to alterations in body composition*. The
recently released Criteria of the Global Leadership
Initiative on Malnutrition (GLIM) highlighted the
role of sarcopenia as one of the phenotypic criteria
for the diagnosis of malnutrition®.

In a multicenter, observational cohort study™
including 877 hospitalized GC patients, Li et al*
observed a shorter median survival time in pa-
tients diagnosed with severe malnutrition based
on different muscle mass indices.

Malnutrition and sarcopenia represent two
sides of the same coin. Both represent indepen-
dent prognostic risk factors of poor survival and
toxicity in GC patients'™*,

However, even if malnutrition assessment is
complex and multifaceted, sarcopenia is simply
obtained by the use of L3-CT-scan images, already
obtained for diagnosis and follow-up of GC patients.
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Sarcopenia has also been associated with more
toxicity, resulting in dose reduction and delay or
definitive termination of chemotherapy in both
metastatic and neoadjuvant or adjuvant treat-
ment****3¥, The mechanism by which sarcopenia
increases treatment toxicity is still little known.

As a matter of fact, chemotherapy dosing based
on the body surface area (BSA) does not take into
account interindividual variations in body compo-
sition. The relative amount of skeletal muscle mass
(SMM) and adipose tissue may vary in patients wi-
th identical weights and similar BMI because a de-
crease in SMM could be masked by excess adipose
tissue*. The simultaneous presence of sarcopenia
and obesity/overweight is associated with a poor
prognosis. Different proportions of lean and adipo-
se tissue compartments influence drug distribution,
disposition, metabolism, and clearance, causing
higher serum concentration and an excess of toxi-
city”’. In turn, fat tissue promotes an environment
characterized by the production of inflammatory
cytokines that play an important role in insulin
resistance, resulting in muscle protein loss.

In our study, muscle mass loss was found to
be highly prevalent even in overweight and obese
patients, suggesting that BMI and weight are not
suitable parameters for evaluating individual bo-
dy composition (Figure 1). Moreover, the muscle
mass loss condition was not restricted to older
patients, and it is independent of sex, BMI, and
performance status (Table I).

The correlation between body composition
and chemotherapy-related toxicity was addressed
by Kazemi-Bajestani et al*!, who reviewed sin-
gle-center and small-sized trials including one on
GC patients*. In colorectal cancer (CRC) Prado
et al* reported a higher percentage of dose-limi-
ting toxicities (DLT) in sarcopenic prospectively
compared to non-sarcopenic patients treated with
5-Fluorouracil. Ali et al*® showed that a small
lean body mass is an independent determinant
of dose-limiting toxicity (DLT) and neuropathy
in patients with CRC treated with FOLFOX regi-
mens®. In the low SMI group of our study, a clear
trend toward more toxicity and dose reductions/
delay has been observed, in particular in the
docetaxel-treated group. Interestingly, no AE oc-
curred in the normal/high SMI group.

In addition to survival and toxicity, sarcopenia
also seems to influence response to treatment; ear-
ly treatment interruption and patient frailty could
potentially contribute to reducing survival*. Simi-
larly to esophageal cancer, GC is at high risk for
malnutrition and frailty, especially among elderly

patients. The prevalence of frailty and sarcopenia
among patients with GC has been reported to be as
high as 30% and 38%, respectively'"?>-2836-45 De-
spite the high incidence, data on the association of
frailty, sarcopenia, and outcomes after gastric sur-
gery and chemotherapy are very little. Noteworthy,
neoadjuvant therapy seems able to change the
body composition in esophagogastric cancer, in-
creasing the percentage of sarcopenic patients*-*’.

A recent study*® showed that the global distri-
bution of the incidence, mortality, and burden
of stomach cancers varies across geographies.
The mortality and burden of stomach cancer are
related to the sociodemographic indicators of the
countries. Although no correlation was found
between the incidence of stomach cancer and so-
ciodemographic indicators, the different distribu-
tion of sarcopenia in the global population could
correlate with survival and toxicity in patients
with metastatic gastric cancer*®.

However, the sarcopenia-inducing effect of
chemotherapy might be inconstant and dependent
on tumor, stage, and drug combination.

Limitations

This study has several limitations, mainly due to
its retrospective nature, the small sample size, and
the lack of complete radiologic records of all the
210 patients who underwent second-line therapy.

Nevertheless, the results seem sufficient to support
the need for sarcopenia evaluation before selecting
patients and combined therapy in second-line GC.

Conclusions

In conclusion, our study demonstrates the cli-
nical impact of sarcopenia in GC patients and
its strict relationship with PFS, RR, and AEs.
The SMI could represent an objective method of
estimating the degree of cancer cachexia in these
patients and selecting those with worse prognosis
as well as a major risk of drug-related adverse
events. As a consequence, nutritional assessment
and support should become an essential aid in the
management of patients with advanced GC.

Ethics Approval

All procedures followed were in accordance with the ethi-
cal standards of the responsible committee on human exper-
imentation (institutional and national) and with the Helsinki
Declaration of 1964 and later versions. The Institutional
Ethics Committee of the Catholic University of Rome ap-
proval was obtained (No. PROT_OM 2016-I).



V. Zurlo, F. Rosa, E. Rinninella, L. Pontolillo, et al

Conflict of Interest
None of the authors has any conflict of interest or financial
ties to disclose.

Funding
This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Availability of Data and Materials

The dataset generated in the present study are available
from the corresponding authors. Requests for material must
be addressed to the corresponding authors with valid moti-
vation and a declaration of purpose of use.

Authors’ Contributions

Study concepts: Strippoli, Tortora, Pozzo. Study design:
Strippoli, Zurlo, Maratta, Beccia. Data acquisition: Zurlo,
Pontolillo, Beccia, Maratta. Quality control of data and al-
gorithms: Strippoli, Rosa, Rinninella, Tortora, Pozzo. Data
analysis and interpretation: Zurlo, Maratta, Pontolillo, Bec-
cia. Statistical analysis: Zurlo, Beccia, Pontolillo, Marat-
ta. Manuscript preparation: Rosa, Strippoli, Quero, Fiorillo.
Manuscript editing: Rinninella, Rosa, Strippoli, Pozzo. Man-
uscript review: Rosa, Rinninella, Tortora, Pozzo.

ORCID ID

Valeria Zurlo: 0000-0002-8876-4691

Fausto Rosa: 0000-0002-7280-8354
Emanuele Rinninella: 0000-0002-9165-2367
Letizia Pontolillo: 0009-0006-3363-8512
Viria Beccia: 0009-0007-6892-0099
Mariagrazia Maratta: 0000-0002-8057-6629
Giampaolo Tortora: 0000-0002-1378-4962
Sergio Alfieri: 0000-0002-7813-4426
Carmelo Pozzo: 0000-0003-4004-9098
Antonia Strippoli: 0000-0003-4463-469X

Informed Consent

At the beginning of any treatment plan, all subjects signed
an institutional consent form to collect their anonymized
data for future clinical or translational research evaluation
and scientific purpose publishing.

References

1) Bray F, Ferlay J, Soerjomataram |, Siegel RL,
Torre LA, Jemal A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortali-
ty worldwide for 36 cancers in 185 countries. CA
Cancer J Clin 2018; 68, 394-424. Erratum in: CA
Cancer J Clin 2020; 70: 313.

2) KimY, Ejaz A, Spolverato G, Squires MH, Poultsides
G, Fields RC, Bloomston M, Weber SM, Votanopou-
los K, Acher AW, Jin LX, Hawkins WG, Schmidt
C, Kooby D, Worhunsky D, Saunders N, Cho CS,

4)

10)

Levine EA, Maithel SK, Pawlik TM. Conditional sur-
vival after surgical resection of gastric cancer: a
multi-institutional analysis of the US gastric cancer
collaborative. Ann Surg Oncol 2015; 22: 557-564.

Wang W, Zheng C, Fang C, Li P, Xie J, Lin J, Zhan
Y, LiW, ChenY, Sun X, Xu D, Li Y, Huang C, Zhou
Z. Time trends of clinicopathologic features and
surgical treatment for gastric cancer: results from
2 high-volume institutions in southern China. Sur-
gery 2015; 158: 1590-1597.

Ajani JA, D’Amico TA, Bentrem DJ, Chao J, Cooke
D, Corvera C, Das P, Enzinger PC, Enzler T, Fan-
ta P, Farjah F, Gerdes H, Gibson MK, Hochwald
S, Hofstetter WL, llson DH, Keswani RN, Kim S,
Kleinberg LR, Klempner SJ, Lacy J, Ly QP, Mat-
kowskyj KA, McNamara M, Mulcahy MF, Outlaw
D, Park H, Perry KA, Pimiento J, Poultsides GA,
Reznik S, Roses RE, Strong VE, Su S, Wang HL,
Wiesner G, Willett CG, Yakoub D, Yoon H, Mc-
Millian N, Pluchino LA. Gastric Cancer, Version
2.2022, NCCN Clinical Practice Guidelines in On-
cology. J Natl Compr Canc Netw 2022; 20: 167-192.

Kamangar F, Dores GM, Anderson WF. Patterns
of cancer incidence, mortality, and prevalence
across five continents: defining priorities to reduce
cancer disparities in different geographic regions
of the world. J Clin Oncol 2006; 24: 2137-2150.

Wagner AD, Grothe W, Haerting J, Kleber G,
Grothey A, Fleig WE. Chemotherapy in advanced
gastric cancer: a systematic review and me-
ta-analysis based on aggregate data. J Clin On-
col 2006; 24: 2903-2909.

Bang YJ, Van Cutsem E, Feyereislova A, Chung
HC, Shen L, Sawaki A, Lordick F, Ohtsu A, Omuro
Y, Satoh T, Aprile G, Kulikov E, Hill J, Lehle M, RuG-
schoff J, Kang YK; ToGA Trial Investigators. Tras-
tuzumab in combination with chemotherapy versus
chemotherapy alone for treatment of HER2-positive
advanced gastric or gastro-oesophageal junction
cancer (ToGA): a phase 3, open-label, randomised
controlled trial. Lancet 2010; 376: 687-697.

Wilke H, Muro K, Van Cutsem E, Oh SC, Bodoky
G, Shimada Y, Hironaka S, Sugimoto N, Lipatov
O, Kim TY, Cunningham D, Rougier P, Komat-
su Y, Ajani J, Emig M, Carlesi R, Ferry D, Chan-
drawansa K, Schwartz JD, Ohtsu A; RAINBOW
Study Group. Ramucirumab plus paclitaxel ver-
sus placebo plus paclitaxel in patients with previ-
ously treated advanced gastric or gastro-oesoph-
ageal junction adenocarcinoma (RAINBOW): a
double-blind, randomised phase 3 trial. Lancet
Oncol 2014; 15: 1224-1235.

Ford HE, Marshall A, Bridgewater JA, Janowitz T,
Coxon FY, Wadsley J, Mansoor W, Fyfe D, Madhu-
sudan S, Middleton GW, Swinson D, Falk S, Chau
I, Cunningham D, Kareclas P, Cook N, Blazeby JM,
Dunn JA; COUGAR-02 Investigators. Docetaxel
versus active symptom control for refractory oe-
sophagogastric adenocarcinoma (COUGAR-02):
an open-label, phase 3 randomised controlled tri-
al. Lancet Oncol 2014; 15: 78-86.

Thuss-Patience PC, Kretzschmar A, Bichev D,
Deist T, Hinke A, Breithaupt K, Dogan Y, Gebauer



Sarcopenia and gastric cancer

11)

12)

13)

14)

15)

16)

17)

18)

B, Schumacher G, Reichardt P. Survival advan-
tage for irinotecan versus best supportive care as
second-line chemotherapy in gastric cancer--a
randomised phase Il study of the Arbeitsgemein-
schaft Internistische Onkologie (AlO). Eur J Can-
cer 2011; 47: 2306-2314.

Hironaka S, Ueda S, Yasui H, Nishina T, Tsuda M,
Tsumura T, Sugimoto N, Shimodaira H, Tokunaga
S, Moriwaki T, Esaki T, Nagase M, Fujitani K, Ya-
maguchi K, Ura T, Hamamoto Y, Morita S, Oka-
moto I, Boku N, Hyodo |. Randomized, open-la-
bel, phase Ill study comparing irinotecan with pa-
clitaxel in patients with advanced gastric cancer
without severe peritoneal metastasis after failure
of prior combination chemotherapy using fluoro-
pyrimidine plus platinum: WJOG 4007 trial. J Clin
Oncol 2013; 31: 4438-4444.

Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y,
Cederholm T, Landi F, Martin FC, Michel JP, Rol-
land Y, Schneider SM, Topinkova E, Vandewoude
M, Zamboni M; European Working Group on Sar-
copenia 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.

Delmonico MJ, Harris TB, Lee JS, isser M, Nev-
itt M, Kritchevsky SB, Tylavsky FA, Newman AB;
Health, Aging and Body Composition Study. Al-
ternative definitions of sarcopenia, lower extrem-
ity performance, and functional impairment with
aging in older men and women. J Am Geriatr
Soc 2007; 55: 769-774.

O’Brien S, Twomey M, Moloney F, Kavanagh RG,
Carey BW, Power D, Maher MM, O’Connor OJ,
O’Stilleabhain C. Sarcopenia and post-opera-
tive morbidity and mortality in patients with gas-
tric cancer. J Gastric Cancer 2018; 18: 242-252.

Nishigori T, Tsunoda S, Obama K, Hisamori S,
Hashimoto K, Itatani Y, Okada, K, Sakai Y. Opti-
mal cutoff values of skeletal muscle index to de-
fine sarcopenia for prediction of survival in pa-
tients with advanced gastric cancer. Ann Surg
Oncol 2018; 25: 3596-3603.

Sugiyama K, Narita Y, Mitani S, Honda K, Masu-
ishi T, Taniguchi H, Kadowaki S, Ura T, Ando M,
Tajika M, Muro K. Baseline Sarcopenia and Skel-
etal Muscle Loss During Chemotherapy Affect
Survival Outcomes in Metastatic Gastric Cancer.
Anticancer Res 2018, 38: 5859-5866.

Rinninella E, Cintoni M, Raoul P, Pozzo C,
Strippoli A, Bria E, Tortora G, Gasbarrini A,
Mele MC. Muscle mass, assessed at diagnosis
by L3-CT scan as a prognostic marker of clini-
cal outcomes in patients with gastric cancer: A
systematic review and meta-analysis. Clin Nutr
2020; 39: 2045-2054.

Blauwhoff-Buskermolen S, Versteeg KS, de van
der Schueren MA, den Braver NR Berkhof J,
Langius JA, Verheul HM. Loss of Muscle Mass
During Chemotherapy Is Predictive for Poor Sur-
vival of Patients With Metastatic Colorectal Can-
cer. J Clin Oncol 2016; 34: 1339-1344.

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

Choi Y, Oh DY, Kim TY, Lee KH, Han SW, Im SA,
Kim TY, Bang YJ. Skeletal Muscle Depletion Pre-
dicts the Prognosis of Patients with Advanced
Pancreatic Cancer Undergoing Palliative Chemo-
therapy, Independent of Body Mass Index. PLoS
One 2015; 10: e0139749.

Ge HP, Song DF, Wu P, Xu HF. Impact of sarcopenia
and low muscle attenuation on outcomes of ovarian
cancer: a systematic review and meta-analysis. Eur
Rev Med Pharmacol Sci 2023; 27: 4544-4562.

Rinninella E, Fagotti A, Cintoni M, Raoul P,
Scaletta G, Scambia G, Gasbarrini A, Mele MC.
Skeletal muscle mass as a prognostic indicator of
outcomes in ovarian cancer: a systematic review
and meta-analysis. Int J Gynecol Cancer 2020;
30: 654-663.

Awad S, Tan BH, Cui H, Bhalla A, Fearon KC,
Parsons SL, Catton JA, Lobo DN. Marked chang-
es in body composition following neoadjuvant
chemotherapy for oesophagogastric cancer. Clin
Nutr 2012; 31: 74-77.

Den Boer RB, Jones Kl, Ash S, van Boxel Gl, Gil-
lies RS, O’Donnell T, Ruurda JP, Sgromo B, Silva
MA, Maynard ND. Impact on postoperative com-
plications of changes in skeletal muscle mass
during neoadjuvant chemotherapy for gastro-oe-
sophageal cancer. BJS Open 2020; 4: 847-854.

Matsuura N, Motoori M, Fujitani K, Nishizawa Y,
Komatsu H, Miyazaki Y, Miyazaki S, Tomokuni
A, Komori T, lwase K. Correlation between skel-
etal muscle mass and adverse events of neo-
adjuvant chemotherapy in patients with gastric
cancer. Oncology 2020; 98: 29-34.

Tegels JJ, de Maat MF, Hulsewé KW, Hoofwijk
AG, Stoot JH. Value of geriatric frailty and nu-
tritional status assessment in predicting post-
operative mortality in gastric cancer surgery.
J Gastrointest Surg 2014; 18: 439-445; discus-
sion 445-446.

Yip C, Goh V, Davies A, Gossage J, Mitchell-Hay
R, Hynes O, Maisey N, Ross P, Gaya A, Landau
DB, Cook GJ, Griffin N, Mason R. Assessment of
sarcopenia and changes in body composition af-
ter neoadjuvant chemotherapy and associations
with clinical outcomes in oesophageal cancer.
Eur Radiol 2014; 24: 998-1005.

Tegels JJ, De Maat MF, Hulsewé KW, Hoof-
wijk AG, Stoot JH. Improving the outcomes in
gastric cancer surgery. World J Gastroenterol
2014; 20: 13692-13704.

Fearon K, Strasser F, Anker SD, Bosaeus |, Bru-
era E, Fainsinger RL, Jatoi A, Loprinzi C, Mac-
Donald N, Mantovani G, Davis M, Muscaritoli M,
Ottery F, Radbruch L, Ravasco P, Walsh D, Wil-
cock A, Kaasa S, Baracos VE. Definition and
classification of cancer cachexia: an international
consensus. Lancet Oncol 2011; 12: 489-495.

Topcu A, Ozturk A, Yurtsever |, Besiroglu M, Ya-
sin Al, Turk HM, Seker M. The effect of sarcope-
nia on erlotinib therapy in patients with metastat-
ic lung adenocarcinoma. Bosn J Basic Med Sci
2022; 22: 982-991.



V. Zurlo, F. Rosa, E. Rinninella, L. Pontolillo, et al

30)

31)

32)

33)

34)

35)

36)

37)

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz
LH, Sargent D, Ford R, Dancey J, Arbuck S,
Gwyther S, Mooney M, Rubinstein L, Shankar L,
Dodd L, Kaplan R, Lacombe D, Verweij J. New
response evaluation criteria in solid tumours: re-
vised RECIST guideline (version 1.1). Eur J Can-
cer 2009; 45: 228-247.

NIH Divison of Cancer Treatment and Diagno-
sis. Common Terminology Criteria for Adverse
Eveents (CTCAE). Available at: https://ctep.can-
cer.gov/protocoldevelopment/electronic_applica-
tions/ctc.htm#ctc_40.

Rinninella E, Strippoli A, Cintoni M, Raoul P, Vivolo
R, Di Salvatore M, Genco E, Manfredi R, Bria E, Tor-
tora G, Gasbarrini A, Pozzo C, Mele MC. Body Com-
position Changes in Gastric Cancer Patients during
Preoperative FLOT Therapy: Preliminary Results of
an ltalian Cohort Study. Nutrients 2021; 13: 960.

Li Q, Zhang X, Tang M, Song M, Zhang Q,
Zhang K, Ruan G, Zhang X, Ge Y, Yang M, Liu
Y, Xu H, Song C, Wang Z, Shi H. Different mus-
cle mass indices of the Global Leadership Ini-
tiative on Malnutrition in diagnosing malnutrition
and predicting survival of patients with gastric
cancer. Nutrition 2021; 89: 111286.

Arends J, Baracos V, Bertz H, Bozzetti F, Calder
PC, Deutz NEP, Erickson N, Laviano A, Lisan-
ti MP, Lobo DN, McMillan DC, Muscaritoli M,
Ockenga J, Pirlich M, Strasser F, de van der
Schueren M, Van Gossum A, Vaupel P, Weimann
A. ESPEN expert group recommendations for ac-
tion against cancer-related malnutrition. Clin Nutr
2017; 36: 1187-1196.

Jensen GL, Cederholm T, Correia MITD, Gonzalez
MC, Fukushima R., Higashiguchi T, de Baptista GA,
Barazzoni R, Blaauw R, Coats AJS, Crivelli AN, Ev-
ans DC, Gramlich L, Fuchs-Tarlovsky V, Keller H,
Llido L, Malone A, Mogensen KM, Morley JE, Mus-
caritoli M, Nyulasi |, Pirlich M, Pisprasert V, de van
der Schueren MAE, Siltharm S, Singer P, Tappen-
den K, Velasco N, Waitzberg D, Yamwong P, Yu J,
Van Gossum A, Compher C; GLIM Core Leader-
ship Committee, GLIM Working Group.. GLIM Cri-
teria for the Diagnosis of Malnutrition: A Consensus
Report From the Global Clinical Nutrition Communi-
ty. JPEN J. Parenter. Enteral Nutr 2019, 43: 32-40.

Martin L, Birdsell L, Macdonald N, Reiman T,
Clandinin MT, McCargar LJ, Murphy R, Ghosh
S, Sawyer MB, Baracos VE. 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.

Klute KA, Brouwer J, Jhawer M, Sachs H, Ganga-
din A, Ocean A, Popa E, Dai T, Wu G, Christos P,
Shah MA. Chemotherapy dose intensity predict-
ed by baseline nutrition assessment in gastroin-

38)

39)

40)

41)

42)

43)

44)

45)

46)

47)

testinal malignancies: a multicenter analysis. Eur
J Cancer 2016; 63: 189-200.

Tan BH, Brammer K, Randhawa N, Welch NT,
Parsons SL, James EJ, Catton JA. Sarcopenia
is associated with toxicity in patients undergoing
neo-adjuvant chemotherapy for oesophago-gas-
tric cancer. Eur J Surg Oncol 2015; 41: 333-338.

Aoyama T, Kawabe T, Fujikawa H, Hayashi T, Ya-
mada T, Tsuchida K, Yukawa N, Oshima T, Rino Y,
Masuda M, Ogata T, Cho H, Yoshikawa T. Loss of
lean body mass as an independent risk factor for
continuation of s-1 adjuvant chemotherapy for gas-
tric cancer. Ann Surg Oncol 2015; 22: 2560-2566.

Baracos VE, Reiman T, Mourtzakis M, Gioul-
basanis I, Antoun S. Body composition in pa-
tients with non-small cell lung cancer: a con-
temporary view of cancer cachexia with the use
of computed tomography image analysis. Am J
Clin Nutr 2010; 91: 1133S-1137S.

Kazemi-Bajestani SM, Mazurak VC, Baracos V.
Computed tomography-defined muscle and fat
wasting are associated with cancer clinical out-
comes. Semin Cell Dev Biol 2016; 54: 2-10.

Prado CM, Baracos VE, McCargar LJ, Mourtzakis
M, Mulder KE, Reiman T, Butts CA, Scarfe AG,
Sawyer MB. Body composition as an independent
determinant of 5-fluorouracil-based chemotherapy
toxicity. Clin Cancer Res 2007; 13: 3264-3268.

Ali R, Baracos VE, Sawyer MB, Bianchi L, Rob-
erts S, Assenat E, Mollevi C, Senesse P. Lean
body mass as an independent determinant of
dose-limiting toxicity and neuropathy in patients
with colon cancer treated with FOLFOX regi-
mens. Cancer Med 2016; 5: 607-616.

Prado CM, Lieffers JR, McCargar LJ, Reiman T,
Sawyer MB, Martin L, Baracos VE. 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.

Awad S, Tan BH, Cui H, Bhalla A, Fearon KC,
Parsons SL, Catton JA, Lobo DN. Marked chang-
es in body composition following neoadjuvant
chemotherapy for oesophagogastric cancer. Clin
Nutr 2012; 31: 74-77.

Mazidimoradi A, Baghernezhad Hesary F, Gerayl-
lo S, Banakar N, Allahqgoli L, Salehiniya H. Global
distribution of incidence, mortality, and burden of
stomach cancers and its relationship with the so-
ciodemographic index. WCRJ 2023; 10: e2519.

Safari M, Rahimi M, Faradmal J, Ghaderi B, Anari
M R, Roshanaei G. Random survival forest in de-
termination of important risk factors on overall
survival and disease-free survival in gastric can-
cer patients. WCRJ 2023; 10: e2634.



