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ABSTRACT

Background Sarcopenia is defined as a loss of muscle mass
and strength as well as decreased physical performance.
Method The present study provides a systematic overview of
the current literature in regard to the prognostic role of sarco-
penia in oncology.

Conclusion In oncologic patients, sarcopenia occurs in
39.6 % of cases in a curative setting and in 49.2 % in a palliative
setting. Sarcopenia is associated with dose-limiting toxicity.
Furthermore, sarcopenia is associated with the occurrence of
postoperative complications. Also, reduced muscle mass lim-

its overall survival in most tumors both in a curative and a pal-
liative setting. Therefore, analysis of the skeletal musculature
on staging CT should be implemented in the clinical routine in
oncology.

Key Points

= In oncologic patients, the prevalence of sarcopenia is
39.6 % in a curative setting and 49.2 % in a palliative set-
ting.

= Sarcopenia is associated with dose-limiting toxicity and
treatment response.

= Sarcopenia predicts overall survival in oncologic patients.

Citation Format

= Surov A, Wienke A, Gutzmer R et al. Prognostic role of the
skeletal musculature in oncology: significance, coherences
and clinical implications. Fortschr Rontgenstr 2024; 196:
699-706

ZUSAMMENFASSUNG

Hintergrund Sarkopenie ist durch einen Verlust von Mus-
kelkraft, Muskelmasse und -funktion charakterisiert. Sie ist
ein sehr haufiges Syndrom bei onkologischen Patienten,
quantitativ messbar und prognostisch bei vielen Tumorentita-
ten klinisch relevant.

Methode Mit einer systematischen Analyse der publizierten
Meta-Analysen gibt die vorliegende Arbeit eine Ubersicht
zum aktuellen Kenntnisstand und der prognostischen Rolle
der Sarkopenie in der Onkologie.

Schlussfolgerung Die Prévalenz der Sarkopenie betragt bei
onkologischen Patienten 39,6 % im kurativen Setting und
49,2 % im palliativen Setting. Sarkopenie ist stark assoziiert
mit der dosislimitierenden Toxizitdt von Tumortherapien. Sar-
kopenie beeinflusst das Ansprechen auf antitumorale Thera-
pien deutlich. Das Vorliegen der Sarkopenie korreliert mit
dem Auftreten schwerer postoperativer Komplikationen in
der Onkochirurgie. Sie ist ein limitierender Faktor fiir das Ge-
samtiiberleben bei den meisten onkologischen Erkrankungen
sowohl im kurativen als auch im palliativen Setting. Der
Zustand der Skelettmuskulatur sollte daher in den radiologi-
schen Staging-Berichten bei onkologischen Patienten
erwdhnt werden.
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Kernaussagen

= Die Prdvalenz der Sarkopenie bei onkologischen Patienten
betrdgt 39,6 % im kurativen Setting und 49,2 % im palliati-
ven Setting.

= Sarkopenie ist stark assoziiert mit der dosislimitierenden
Toxizitdt und dem Therapieansprechen.

= Sarkopenie beeinflusst das Gesamtiiberleben im kurativen
wie auch palliativen Setting.

Background

Sarcopenia is characterized by a loss of muscle strength, mass,
and function [1]. Sarcopenia is common in patients with advanced
malignant diseases [2, 3]. Due to the high prevalence of sarcope-
nia, it is currently the subject of intensive research. In oncological
visceral surgery, sarcopenia can be a better predictor of 1-year
mortality, morbidity, and postoperative complications in various
diseases compared to other physiological reserve metrics like the
“frailty index” and the Eastern Cooperative Oncology Group
(ECOQ) score. Therefore, sarcopenia is more important as a
predictive factor than disease-specific scores [4, 5]. Moreover, a
connection between pretherapeutic sarcopenia and toxicity of
various chemotherapies was observed [6].

When staging oncological patients, imaging methods can pro-
vide quick and objective evaluation of skeletal muscle quality and
quantity. In the case of computed tomography as a frequently
used imaging method, calculations of skeletal muscle mass are
usually based on the total area of all skeletal muscles on the axial
plane at the level of L3 [7-9] (» Fig. 1). With Al, these measure-
ments can already be performed fully automatically by prototypes
in that skeleton segmentation, automatic slice selection, and
slice-specific segmentation of the musculature at the level of L3
are performed. The muscle area determined based on the CTslice
at the level of L3 correlates very well with the total body muscle
mass [7, 9-12]. Segmentation of skeletal muscle on computed to-
mography is performed based on the HU values. Thus, a muscle-
specific cut-off value of -29 to + 150 HU is used for measuring

muscle tissue [7, 9, 10]. On magnetic resonance imaging, muscle
segmentation is performed based on the contrast between mus-
cle tissue and fat. Primarily T1-weighted sequences and sequen-
ces with which the fat and water content can be quantified (Dixon
sequences) are used to visualize the muscle morphology
(» Fig. 2).

The skeletal muscle index (SMI) can be calculated from the
muscle area and the body size (SMI=muscle area [cm?]/body size
[m] squared) [7, 9-12]. The muscle area can be determined on
staging CT or MRI images with the help of both commercial and
free computer programs and is now performed in the clinical rou-
tine.

Various cut-off values for the determination of reduced muscle
mass are published in the literature (» Table 1).

The present study describes the role of sarcopenia in oncology
and provides an overview of the current scientific results.

Prevalence of sarcopenia in oncology

Sarcopenia is very common in cancer patients. The prevalence of
sarcopenia is 39.6 % in the curative setting and 49.2 % in the pallia-
tive setting [13] and varies between the individual tumor entities
(» Table 2). Patients with esophageal cancer, cholangiocarcino-
ma, sarcomas, prostate cancer, and urothelial carcinoma fre-
quently have concomitant sarcopenia (>50 % in each case).

» Fig. 1 Measurement of skeletal muscle based on computed tomography. Skeletal muscle is marked in red. A Patient with normal muscle area,
SMI =70 cm?/m?. B Patient with reduced muscle area (sarcopenia), SMI =39 cm?/m?2. Both patients have the same BMI=25.
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» Fig.2 Measurement of skeletal muscle based on MRI.

Prognostic role of sarcopenia in oncology

Sarcopenia is considered a causal factor and not just an epipheno-
menon of cancer diseases. In addition to its broad prevalence in
the population, sarcopenia can be caused by different factors like
impaired food intake due to an obstructive tumor, insufficient
food intake, alcohol and tobacco consumption, and tumor-asso-
ciated inflammation [3, 4, 10]. Moreover, chemotherapeutic
agents can damage skeletal muscle. Finally, skeletal muscle inter-
acts intensively with the immune system and produces specific
cytokines and peptides that have positive immunological effects
and thus affect the course of the disease and treatment [3, 4, 9,
10].

Sarcopenia and dose-limiting toxicity

In accordance with the current literature, sarcopenia is highly
associated with dose-limiting toxicity (DLT) of medication-based
tumor therapies. In the curative setting, patients with reduced
muscle mass have a higher risk of developing DLT compared to pa-
tients with normal muscle mass (OR=2.48, 95 %Cl (1.77-3.438),
p<0.00001) [6].

Sarcopenia has a significant effect on DLT also in the palliative
setting. In patients undergoing conventional chemotherapy, the
effect of sarcopenia is moderate: OR=2.14, 95%Cl (1.38-3.31),
p=0.0006 [6]. The effect of sarcopenia is measurably greater in
patients receiving different kinase inhibitors: OR=3.08, 95 %Cl
(1.87-5.09), p=0.00001 [6]. In contrast, sarcopenia has no rela-
tive effect on DLT in the case of immunotherapies: OR=1.30,95%
C1(0.79-2.11), p=0.3 [6].

» Table 1 Established cut-off values for skeletal muscle on computed
tomography (European and North American populations).

Authors Men (cm2[/m?2) Women (cm2[m?2)
Prado et al. [7] <524 <38.6
Martin et al. [9] BMI <25 kg/m2 <=43 <41
BMI >=25kg/m2:
<=53.0
Baracos et al. [10] <55.4 <38.9
van Vledderetal. [11]  <43.8 <41.1
Camus et al. [12] <55.8 <38.9

Sarcopenia and treatment response

Sarcopenia is a highly significant predictive factor for the objec-
tive response rate of chemotherapies in the curative setting:
OR=0.24, 95 %Cl (0.12-0.50), p=0.0001 [14]. In conventional
palliative chemotherapy, sarcopenia does not play a predictive
role for the objective response rate according to the current re-
sults of meta-analyses: OR=0.94, 95 % Cl (0.57-1.55), p=0.81
[14]. The reduced muscle mass also has no prognostic signifi-
cance for the prediction of treatment response in patients receiv-
ing palliative treatment with kinase inhibitors: OR=0.74, 95 %Cl
(0.44-1.26), p=0.27 [14]. In relation to palliative immunothera-
pies, the objective response rate did not have any predictive pow-
er: OR=0.74, 95 %Cl (0.54-1.01), p=0.06 [14].

Sarcopenia and postoperative complications

Sarcopenia is highly associated with severe postoperative compli-
cations in diverse gastrointestinal tumors, RR=1.40, 95% Cl
(1.20-1.64), p<0.001 [5]. The greatest effect was observed in pa-
tients with gastric cancer, RR=1.97,95% Cl (1.11-3.51), p=0.02
[5]. In contrast, sarcopenia had no relevant effect on postopera-
tive complications in patients with colon cancer and esophageal
cancer [5].

Sarcopenia and survival

In the curative setting, reduced muscle mass has a significant
effect on overall survival [15]. The maximum negative effect of
sarcopenia was reported in bronchial carcinoma followed by uro-
thelial carcinoma and squamous cell carcinoma in the head/neck
region (> Table 3). In the case of hepatocellular carcinoma, pan-
creatic cancer, cholangiocarcinoma, squamous cell carcinoma of
the head/neck region, and gastric cancer, sarcopenia is an inde-
pendent predictive factor for overall survival. Sarcopenia also has
a significant effect on disease-free survival in most cancers
(» Table 3). This effect is particularly pronounced in squamous
cell carcinoma of the head/neck region, cholangiocarcinoma, gas-
tric cancer, and hepatocellular carcinoma.

Sarcopenia is also prognostically significant in the palliative
setting. However, its influence on overall survival is less pro-
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» Table 2 Prevalence of sarcopenia in various tumors [13].

Tumors Prevalence of sarcopenia, %

Curative setting Palliative setting

Esophageal cancer 50.2 74.2
Breast cancer 31.6 41.3
Colorectal cancer 394 53.0
Cholangiocarcinoma 55.6 No data
Gastric cancer 31.8 40.3
Head-neck squamous cell 39.9 No data
carcinoma

Hepatocellular carcinoma 35.4 38.2
Bronchial carcinoma 36.0 51.5
Melanoma No data 29.6
Ovarian cancer 47.7 33.8
Pancreatic cancer 41.0 41.7
Prostate cancer 51.9 76.1
Renal cell carcinoma 41.2 55.0
Sarcoma 62.0 315
Thyroid cancer No data 51.0
Urothelial carcinoma 50.0 66.7
Cervical cancer 48.8 No data
Total 39.6 49.2

nounced than in the curative setting (> Table4). In colorectal
cancer, urothelial carcinoma, hepatocellular carcinoma, prostate
cancer, and pancreatic cancer, reduced muscle mass is an inde-
pendent parameter influencing overall survival.

Sarcopenia also has a relevant effect on progression-free survi-
val in renal cell carcinoma, urothelial carcinoma, bronchial carci-
noma, and ovarian cancer (> Table 4).

Discussion

The current studies presented in this review article show that
sarcopenia is a prognostically relevant factor in oncology. It can
be measured in a cost-effective manner during staging and is a
reproducible and quantifiable parameter. The diagnosis of sarco-
penia on CT or MRI can therefore improve care by allowing more
precise risk stratification and personalized oncological therapy.
The relationship between skeletal muscle and clinical outcome
in oncology is multifactorial. There are multiple mechanisms that
provoke and/or regulate sarcopenia in oncological patients [3, 16,
17]. On the one hand, tumors can mechanically impair food in-
take. This applies to malignancies of the upper gastrointestinal
tract as well as various head-neck tumors, esophageal cancer,
and/or stomach cancer. On the other hand, oncology patients of-
ten have insufficient food intake [18]. Alcohol and/or tobacco
consumption also plays an important role. Tumor-associated in-
flammation is also an important factor in the pathophysiology of

sarcopenia [3, 16-20]. It induces a metabolic change and cell
apoptosis of skeletal muscle mediated by proinflammatory cyto-
kines like tumor necrosis factor alpha, interleukin-1, and interleu-
kin-6 [17, 19, 20]. In addition, other cytokines like myostatin, ac-
tivin, and the transforming growth factor-beta are significantly
elevated in cancer patients and trigger the decomposition of
myofibrillar muscle proteins [19]. Chemotherapeutic agents like
cisplatin can also damage skeletal muscle [21]. Finally, most tu-
mor patients are old and tumor-related sarcopenia develops in
these patients at the same time as preexisting age-related sarco-
penia.

The phenomenon of sarcopenia predicting the toxicity of on-
cological treatment in patients is multicausal [17, 22, 23]. Sarco-
penia could result in changes in the distribution, metabolism, and
clearance of cancer medications [17, 22-24]. Studies have shown
that the plasma concentration of diverse chemotherapeutic
agents in patients with sarcopenia is indeed elevated [25-27].
This phenomenon was observed in breast cancer [25, 28], hepato-
cellular carcinoma [29], medullary thyroid cancer [30], and colo-
rectal cancer [31]. For example, patients with sarcopenia and me-
dullary thyroid cancer had an increased average serum
concentration of vandetanib (1037 ng/ml vs. 745 ng/ml, p=0.04)
[30]. Moreover, dose-limiting toxic reactions occurred more fre-
quently in patients with sarcopenia than in patients with normal
muscle mass (73 % vs. 14%, p=0.004) [30]. The observed rela-
tionships between sarcopenia and drug concentration in plasma
can be explained by the fact that skeletal muscle is a significant
component of lean body mass (LBM) [17, 23, 24]. LBM includes
metabolically active tissue like the liver and kidneys, intracellular
and extracellular water, skeletal muscle, and bone [17, 23, 24,
26]. Moreover, the entire LBM can be determined based on the
muscle cross-sectional area [26]: LBM (kg) = 0.30 x [skeletal mus-
cle area at L3 on CT (cm?)] +6.06.

According to the literature, the chemotherapy dose per LBM is
a strong predictor of DLT [23, 24]. To date, Sjoblom et al. have
shown that the gemcitabine dose per kg LBM is associated with
grade 3-4 hematological toxicity in patients with lung cancer
[27]. Moreover, Williams et al. examined the pharmacokinetics
and toxicity of 5-fluorouracil (5FU) in patients with colorectal can-
cer and determined that patients with grade 3/4 toxicity received
a higher dose of 5FU per kg LBM [31]. Similar results were ob-
served by Prado et al. for breast cancer [22, 25, 28]. The higher
plasma concentration of the drug in patients with sarcopenia
could be related to the fact that the chemotherapy dose is calcu-
lated on the basis of the body surface area (BSA). However, the
BSA does not reflect body composition [22-24]. Moreover, pa-
tients with the same BSA have major differences in LBM [23, 24,
32].

In addition, an excessive dose of chemotherapeutic agents in
patients with sarcopenia can be the result of decreased activity
of the liver cytochromes involved in the metabolism of chemo-
therapeutic agents [17, 23, 24]. In an experimental study, a signif-
icant decrease in the activity of liver cytochromes was observed in
rats with sarcopenia [33].

Interestingly, the relationship between DLT and sarcopenia can
differ depending on the treatment setting. Curative chemother-
apy is more aggressive than palliative chemotherapy and the risk
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» Table 3 Effect of sarcopenia on survival in different tumors in a curative setting [15].

Overall survival

Diagnosis Univariable analysis
HR 95 %Cl

HNSCC 2.2 1.72-2.84
Pancreatic cancer 1.8 1.41-2.28
Bronchial carcinoma 2.9 2.31-3.62
Cholangiocarcinoma 2.0 1.47-2.73
Gastric cancer 1.9 1.68-2.12
Colorectal cancer 1.8 1.57-2.14
Esophageal cancer 1.6 1.25-1.95
HCC 2.0 1.56-2.44
Urothelial carcinoma (kidney) 2.5 1.09-5.85
Bladder cancer 1.6 1.37-1.94
Renal cell carcinoma 1.6 1.19-2.24
Breast cancer 1.7 1.25-2.33

Disease-free survival

Diagnosis Univariable analysis
HR 95 %Cl

HNSCC 2.0 1.63-2.45
Pancreatic cancer 1.7 1.29-2.24
Bronchial carcinoma 1.66 1.0-2.74
Cholangiocarcinoma 1.89 1.12-3.17
Colorectal cancer 1.55 1.29-1.88
Esophageal cancer 1.73 1.04-2.87
HCC 1.85 1.44-2.37

Gastric cancer

Multivariable analysis

p-value HR 95 %Cl p-value
0.00001 2.05 1.55-2.72 0.00001
0.00001 1.62 1.27-2.07 0.0001
0.00001
0.01 2.26 1.75-2.26 0.00001
0.00001 2.02 1.71-2.38 0.00001
0.00001
0.0001
0.00001 217 1.48-3.19 0.0001
0.003
0.45
0.2
0.032

Multivariable analysis
p-value HR 95 %Cl p-value
0.00001 1.64 1.33-2.03 0.00001
0.0002 1.86 1.34-2.6 0.0002
0.05
0.02 2.2 1.75-2.75 0.00001
0.00001
0.03
0.00001 1.79 1.28-2.5 0.0006

1.97 1.71-2.26 0.00001

HNSCC: head/neck squamous cell carcinoma; HCC: hepatocellular carcinoma.

of DLT in patients with sarcopenia is higher in the curative setting.
More importantly, the relationship between sarcopenia and DLT
depends on the treatment substances. The relationship between
sarcopenia and DLT is greatest in patients undergoing kinase
inhibitor therapy. Moreover, the effect of sarcopenia on treat-
ment-based toxicity is lowest in patients treated with checkpoint
inhibitors.

The exact reason for this is not yet clear. Various chemothera-
peutic agents probably have a different distribution in the com-
partments of the body [22-24].

Further important aspects regarding the role of skeletal muscle
in homeostasis are known. According to the literature, skeletal
muscle functions like an endocrine organ in that it synthesizes
and releases a specific group of cytokines and peptides, known
as myokines. There are multiple interactions between skeletal
muscle and the immune system [34]. For example, patients with
sarcopenia have a lower average number of CD8 + T-cells than pa-
tients without sarcopenia [34]. Skeletal muscle cells interact with
immune cells, express the main histocompatibility complexes |

and Il and affect T-cell function [35]. Moreover, skeletal muscles
produce myokines with immunological effects [36]. For example,
interleukin (IL)-15 is a myokine that stimulates the proliferation
and activation of natural killer cells and CD8 + T-lymphocytes
[37]. Thus, intravenous administration of IL-15 resulted in a signif-
icant increase in circulating CD8 + T-cells and NK-cells in patients
with various tumors [37, 38]. Theoretically, reduced musculature
can result in the production of a smaller amount of myokines.
Moreover, it was able to be shown that immunotherapy in combi-
nation with the administration of IL-15 extended the survival of
mice with tumors [39]. A lower IL-15 level can presumably affect
the efficacy of immunotherapy.

Itis clear that the relationships between the clinical treatment
result and skeletal muscle in oncology is complex and multifactor-
ial. Further experimental studies are therefore needed to clarify
the exact mechanisms of these interactions. Regardless of the
physiological mechanisms, this information is very important for
daily clinical practice and could be helpful for treatment selection.
Therefore, the determination of sarcopenia based on a measure-
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» Table4 Effect of sarcopenia on survival in different tumors in a palliative setting [15].

Overall survival

Diagnosis Univariable analysis
HR 95 %ClI

Pancreatic cancer 1.56 1.21-2.02
HCC 2.11 1.44-3.11
Breast cancer 1.36 0.62-2.97
Colorectal cancer 1.34 0.94-1.91
Prostate cancer 1.24 0.56-2.74
Gastric cancer 1.31 0.96-1.77
Renal cell carcinoma 1.64 0.9-2.99
Urothelial carcinoma 2.75 1.77-4.28
Bronchial carcinoma 2.38 1.84-3.82
Cervical cancer 1.1 0.93-1.31
Endometrial cancer 1.42 0.92-2.1
Ovarian cancer 1.4 1.2-1.64
Melanoma 1.67 1.11-2.52
Lung cancer 1.61 1.24-2.1
Esophageal cancer 1.51 1.21-1.89

Progression-free survival

Diagnosis Univariable analysis
HR 95 %ClI

Colorectal cancer 1.49 0.94-2.35
Gastric cancer 1.76 0.66-4.66
Renal cell carcinoma 2.02 1.24-3.27
Urothelial carcinoma 2.43 1.59-3.74
Ovarian cancer 1.3 1.03-1.64
Melanoma 1.49 0.98-2.26
Bronchial carcinoma 1.98 1.32-2.97

HCC: Hepatocellular carcinoma.

ment during staging CT can be a next step on the path to perso-
nalized oncology.

To improve clinical treatment results, muscle mass and func-
tion can be positively influenced by various measures. For exam-
ple, it was shown that fitness programs and protein-rich nutrition
reduced sarcopenia in patients with gastric cancer and greatly im-
proved the postoperative course [40].

Several studies indicate that reduced muscle density or myos-
teatosis plays a predictive role in various tumors [41, 42]. How-
ever, scientific data with sufficient evidence is only currently avail-
able for bronchial carcinoma, colorectal cancer, gastric cancer,
and pancreatic cancer [42-45]. Moreover, the effect of myostea-
tosis on survival rates is lower than that of sarcopenia [42-45].

In addition, individual publications were able to show that
modern medical imaging post-processing methods, e. g., radio-
mics, also allow sensitive analysis of muscle quality [46, 47]. The
literature in this regard is based solely on individual studies.

p-value HR
0.0006 1.77
0.0001 2.24

Multivariable analysis
95 %Cl p-value
1.39-2.26 0.00001

1.6-3.14 0.0001

0.105

0.1
0.6

0.06 1.21

0.1

0.00001 2.77

2.05 1.18-3.56 0.01
1.87 1.14-3.06 0.01
0.94-1.56 0.13
1.55 0.91-2.63 0.1

1.91-4.02 0.00001

0.0004

0.2

8

0.07

0.0001

0.0

1

0.001

0.0003

p-value

0.09

0.26

0.004

0.0001

0.03

0.06

0.001

Therefore, definitive population-based statements currently can-
not be made [46, 47].

Our analysis identified some deficiencies in the current litera-
ture regarding the clinical relevance of sarcopenia in oncology.
Most publications are retrospective and thus have a correspond-
ing bias. Moreover, the published studies only reported the results
of regression analyses. Other important statistical values like neg-
ative predictive value were not analyzed.

Conclusion

Sarcopenia is a major clinical problem in oncology. It affects all rel-
evant outcome parameters in oncology patients and should
therefore be included in risk stratification. The condition of skele-
tal muscle should therefore be taken into consideration in radiol-
ogy staging reports for oncology patients.
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