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Background and Objective: Sarcopenia, characterized by the progressive loss of skeletal muscle mass 
(MM) and muscle function, is a common and debilitating condition in cancer patients, significantly impacting 
their quality of life, treatment outcomes, and overall survival. The pathophysiology of sarcopenia is 
multifactorial, involving metabolic, hormonal, and inflammatory changes. Recent research highlights the role 
of chronic inflammation in the development and progression of sarcopenia, with pro-inflammatory cytokines 
being key mediators of muscle catabolism. The primary objective of this study was to assess the role of pro-
inflammatory cytokines in identifying sarcopenia among cancer patients. As a secondary objective, we aim 
to investigate whether the methods used for assessing sarcopenia, both imaging and functional, align with 
established guidelines.
Methods: A search of the Web of Science was conducted for English-language articles published since 
2005, with the following terms: “Cancer” AND “Sarcopenia” AND “Pro-inflammatory cytokine*” OR 
“Interleukin*”. Inclusion criteria included peer-reviewed controlled trials, observational studies, case reports, 
and case series. To avoid redundancy, articles with results which were included in systematic reviews, 
narrative reviews, or scoping reviews were excluded from this review. 
Key Content and Findings: The analysis of 10 selected papers, including 1,138 cancer patients, revealed 
a lack of assessment of muscle strength (MS) and muscle functional performance in most of the studies 
on sarcopenia, contradicting the comprehensive nature of sarcopenia that includes MM, MS, and muscle 
functionality. There is no standardization of pro-inflammatory mediators for sarcopenia identification. 
Conclusions: Future research should focus on establishing cutoff points for inflammatory mediators 
and identifying which cytokines are linked to sarcopenia. Given the complexity of sarcopenia in different 
cancers, new projects should investigate whether cytokine expression depends on the tumor type. Moreover, 
considering that the majority of the study population comprised elderly individuals with primary sarcopenia, 
it is crucial to discern the extent to which the findings are influenced by age versus cancer-related factors. 
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Introduction

Background

Globally, cancer incidence has been on the rise due to 
factors such as aging populations, lifestyle changes, and 
improved diagnostic techniques (1). According to Global 
Cancer Observatory (GLOBOCAN) 2020 data, there were 
an estimated 19.3 million new cancer cases and 10 million 
cancer-related deaths worldwide in 2020 (2). This increase 
underscores the need for continued research and effective 
public health strategies to manage and prevent cancer. 

Cancer patients face an increased risk of muscle loss 
through two distinct mechanisms: cachexia, characterized 
by the cytokine-driven breakdown of muscle and fat 
tissues, and sarcopenia, which is the age-related decline 
in muscle mass (MM) due to changes in muscle synthesis 
signaling pathways (3). Cancer and sarcopenia are closely 
interconnected, as cancer can aggravate muscle wasting 
and weakness, thereby contributing to sarcopenia. Cancer-
related sarcopenia arises from a combination of factors, 
including systemic inflammation, nutritional deficiencies, 
and the direct impact of tumor metabolism. This muscle 
wasting not only reduces the quality of life for cancer 
patients but also negatively affects treatment outcomes and 
survival rates. Effective management of sarcopenia in cancer 
patients is crucial for improving overall prognosis and 
enhancing the effectiveness of cancer therapies (4-6).

Sarcopenia

According to the European consensus on sarcopenia 
[European Working Group on Sarcopenia in Older People 
(EWGSOP)], sarcopenia is defined as the loss of muscle 
strength (MS), MM, and muscle functional performance (7).  
Since 2016, it has been considered a disease (ICD-
10M62.84) by the World Health Organization (WHO) (8).  
Sarcopenia can primarily, result from inflammageing, a 
systemic inflammation associated with aging, which arises 
from dysfunctions in the neuroendocrine and immune 
systems. Secondary sarcopenia is due to diseases such as 
cancer and other inflammatory diseases that affect muscle 
function (9).

For the diagnosis of sarcopenia,  the EWGSOP 
proposes the use of an algorithm consisting of four 
stages: identification of sarcopenia risk using the SARC-F 
(Strength, Assistance in walking, Rise from a chair, Climb 
stairs, and Falls), a simple questionnaire that is self-
reported, accessible, and quick to apply (10). Once the risk 
of sarcopenia has been detected, the EWGSOP proposes 
the assessment of MS, by measuring handgrip strength 
(HGS) or the sitting and standing test (SST) (7). People 
with reduced MS (“probable sarcopenia”) are then referred 
for measurement of MM and/or muscle quality (MQ) to 
confirm the diagnosis (7). 

The recommendation is to perform dual energy X-ray 
absorptiometry (DXA), computed tomography (CT), and 
magnetic resonance imaging (MRI) for scientific studies 
and, in clinical practice, the use of DXA and bioelectrical 
bioimpedance analysis (BIA). BIA is a popular method 
for assessing body composition due to its portability, 
noninvasiveness, and cost-effectiveness. It does not 
involve significant ionizing radiation, is low-cost, and 
measures body composition and hydration status by 
analyzing resistance and reactance, making it suitable for 
diverse settings and medical conditions (11). DXA has 
been frequently used in scientific research due to its good 
correlation with gold-standard instruments (CT and MRI), 
being more accessible and presenting less exposure to 
irradiation. Functional capacity assessment, as proposed 
by the EWGSOP, is indicated to detect the severity of 
sarcopenia. The recommended functional tests are the 
gait speed assessment, Short Physical Performance Battery 
(SPPB), Timed Up and Go test, and 400-meter walk test (7).

Pro-inflammatory cytokines

Sarcopenia is closely linked to inflammatory cytokines. 
These cytokines, such as tumor necrosis factor-alpha 
(TNF-α), interleukin-6 (IL-6), and interleukin-1beta 
(IL-1β), play a significant role in the development 
and progression of sarcopenia by promoting chronic 
inflammation. Elevated levels of inflammatory cytokines 
can lead to muscle protein degradation and impair 
muscle regeneration, exacerbating muscle wasting. This 
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inflammatory response is often observed in aging, chronic 
diseases, and cancer, contributing to the onset and severity 
of sarcopenia. The systemic immune-inflammation index 
(SII) has been correlated to a variety of disorders and a 
recent systematic reviewer and meta-analysis investigated 
the relationship between SII and sarcopenia and show high 
SII level increased the risk of sarcopenia (12,13). 

Cytokines comprise a diverse group of low molecular 
weight proteins produced by macrophages, lymphocytes, 
endothelial cells, muscle cells, fibroblasts, and adipocytes 
when stimulated by physiological and/or pathological 
agents. Cytokines, including interleukins, are key regulators 
of immune responses and play pivotal roles in cancer 
development and progression (14). Interleukins are induced 
by an aggressive agent, inflammatory process, and/or 
diseases, serving as a means of communication for innate 
and adaptive immune cells, as well as non-immune cells 
and tissues. Consequently, interleukins play a critical role in 
the development, progression, and control of cancer. They 
can create an environment conducive to cancer growth, 
while also being essential for a productive immune response 
against the tumor (14). 

These interleukin properties can be leveraged to enhance 
immunotherapies for improved efficacy and reduced side 
effects. Pro-inflammatory interleukins, particularly relevant 
in cancer development and progression, are described in the 
literature (14) and are also implicated in muscle catabolism 
leading to sarcopenia (15). Elevated levels of inflammatory 
interleukins are associated with sarcopenia (16), and exercise 
has been shown to reduce these mediator levels, indicating 
an anti-inflammatory effect of exercise (17).

In cancer patients, secondary sarcopenia due to the 
disease and/or treatment adverse effects often leads to a 
sedentary lifestyle, further compromising MS and MM. 
While several interleukins are reported to increase in cancer 
patients, their direct association with sarcopenia remains 
inconclusive in the current literature.

Rationale and knowledge gap

Sarcopenia is a common and debilitating condition in 
cancer patients, significantly impacting their quality of life, 
treatment outcomes, and overall survival (4,7,18). This 
narrative review aims to enhance the understanding of pro-
inflammatory mediators associated with sarcopenia and the 
diagnostic tools used to identify sarcopenia in patients with 
various types of cancer.

Objectives

The primary objective of this study was to evaluate 
which pro-inflammatory cytokines are used in identifying 
sarcopenia among cancer patients. Specifically, we aim to 
(I) associate the findings of inflammatory cytokines with 
sarcopenia, (II) evaluate the methods used to identify 
sarcopenia, such as MM (measured by DXA, CT, or BIA 
scans) and MS (assessed by grip strength) and (III) assess if 
the literature followed the guidelines of the 2019 European 
Sarcopenia Consensus for sarcopenia identification. We 
present this article in accordance with the Narrative Review 
reporting checklist (available at https://atm.amegroups.
com/article/view/10.21037/atm-24-128/rc).

Methods

A series of searches on the Web of Sciences were conducted 
to identify relevant articles on pro-inflammatory cytokines 
associated with sarcopenia in cancer patients. The search 
utilized the keywords: “Cancer” AND “Sarcopenia” AND 
“Pro-inflammatory cytokine*” OR “Interleukin*”. Initial 
screening of the search results was based on titles and 
abstracts to determine their relevance to the theme (Table 1). 

The selection was further refined to include articles 
that investigated, discussed, or presented findings related 
to sarcopenia pro-inflammatory cytokines measure in 
cancer patients, focusing on (I) type of cytokine, (II) tumor 
type, and (III) methods of sarcopenia identification. This 
narrative review prioritized peer-reviewed controlled trials, 
observational studies, case reports, and case series. To avoid 
redundancy, articles with results which were included in 
systematic reviews, narrative reviews, or scoping reviews 
were excluded from this review.

Study eligibility was independently determined by two 
investigators (J.A.B.C. and A.V.C.) based on the manuscript 
titles and abstracts using Rayyann®. Subsequently, two 
other investigators (A.P.D.L. and L.S.M.P.) on the study 
team conducted a full-text review. For data extraction, a 
standardized data abstraction form was developed, involving 
a primary reviewer (L.S.M.P.) who completed the form and 
a secondary reviewer (A.P.D.L.) who checked for accuracy 
and completeness. Any conflicts were resolved by the four 
reviewers through an iterative process and discussion to 
reach a consensus. The data captured on the abstraction 
forms included the first author, title, year of publication, 
study type, type of cancer, pro-inflammatory cytokine 
evaluated, method of assessment of sarcopenia, number 

https://atm.amegroups.com/article/view/10.21037/atm-24-128/rc
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of participants, primary and secondary endpoints, and 
statistical outcome. 

Key findings

The review incorporated ten articles, including nine 
prospective studies, encompassing 1,138 cancer patients 
(Figure 1). The most common cancers examined were 
colorectal (four studies), mixed tumors (two studies), 
and pancreatic, non-small cell lung cancer (NSCLC), 
hepatocarcinoma, and clear-cell renal carcinoma, each 
represented by one study (Table S1).

This review reveals that cancer-related sarcopenia is 
prevalent across various cancer types, at all stages, persisting 
both before and after tumor resection, and is often 
associated with poorer patient outcomes. Notably, despite 
the high incidence of breast cancer (2), none of the studies 
reviewed investigated interleukins related to sarcopenia in 
breast cancer patients.

Most participants were elderly, with a mean age above 
65 years, a group often affected by primary sarcopenia 
due to inflammageing, defined as an age-related increase 
in the levels of pro-inflammatory markers in blood and 
tissues (19). Inflammaging is assessed by measuring pro-
inflammatory cytokines in the blood. Aging is associated 
with immune dysregulation (immunosenescence), the most 
evident characteristics of which are elevated levels of pro-
inflammatory cytokines in the blood. The pro-inflammatory 
state is measured and characterized by high circulating 
levels of pro-inflammatory markers, including IL-1, IL-6, 
IL-8, IL-13, IL-18, C-reactive protein (CRP), interferon 
alpha (IFNα) and interferon beta (IFNβ), transforming 
growth factor beta (TGFβ), tumor necrosis factor (TNF) 

and its soluble receptors (members of the TNF receptor 
superfamily 1A and 1B), and serum amyloid (20). This 
primary sarcopenia, resulting from neuroendocrine and 
immunological system dysregulation, leads to increased 
inflammatory interleukins (21). Consequently, patients in 
these studies likely experienced both primary sarcopenia 
and secondary cancer-induced sarcopenia, exacerbating 
inflammatory interleukin levels.

Cytokines and cancer-related sarcopenia

The review highlights the crucial role of interleukins and 
other cytokines in cancer-related sarcopenia. Among the 
studies reviewed, IL-6 and TNF-α were the most frequently 
investigated cytokines, showing a strong association with 
sarcopenia across various cancer types. For example, 
Dalbeni et al. and Kays et al. identified IL-6 as a potential 
diagnostic marker for sarcopenia in advanced cirrhotic 
hepatocellular carcinoma (HCC) and clear cell renal cell 
carcinoma (ccRCC), respectively (22,23). Lipshitz et al. and 
Scheede-Bergdahl et al. found that TNF-α was significantly 
associated with sarcopenia, although trends with IL-6 and 
IL-8 were also noted (24,25). Tenuta et al. reported elevated 
levels of IL-6 (P=0.004) and TGF-α (P=0.042) in sarcopenic 
patients with NSCLC compared to non-sarcopenic  
patients (26). Among the patients studied, 40% were 
sarcopenic, and this group exhibited an eightfold higher risk 
of disease progression compared to non-sarcopenic patients. 
Hou et al. highlighted IL-8 as significantly associated with 
sarcopenia and an independent predictor of survival in 
pancreatic cancer patients (27). Additionally, Hu et al. found 
high levels of IL-23 in sarcopenic colorectal cancer (CRC) 
patients, correlating with poor prognosis (28).

Table 1 The search strategy summary 

Items Specification

Date of search 30 April 2024

Databases searched Web of Science

Search terms used “Cancer” AND “Sarcopenia” AND “Pro-inflammatory cytokine*” OR “Interleukin*”

Timeframe 01 January 2005 to 30 April 2024

Inclusion and exclusion criteria Inclusion: English, original articles 

Exclusion: review articles

Selection process Selection: two independent reviewers (J.A.B.C. and A.V.C.). Full-text review for final eligibility: 
A.P.D.L. and L.S.M.P.

https://cdn.amegroups.cn/static/public/ATM-24-128-Supplementary.pdf
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In contrast, other studies, including those by Aro et al. 
and He et al., which assessed various cytokines, did not find 
a significant association between serum cytokine levels and 
sarcopenia (29,30). Aro et al. (29) reported that sarcopenia 
and/or myosteatosis (fat infiltration into skeletal muscle) 
were linked to an elevated neutrophil-to-lymphocyte ratio 
(NLR), though no connection with Glasgow Prognostic 
Scores (31) was observed. Reisinger et al. found that skeletal 
MM did not predict plasma concentrations of CRP and 
IL-6 but noted a significant association between low skeletal 
MM and elevated plasma calprotectin concentrations, a 
marker of neutrophil activation (32). He et al. observed that 
low muscle quantity was associated with a higher NLR and 
a negative relationship with interferon-gamma induced 
protein 10 (IP-10) levels. IP-10, which plays a significant 
role in inflammatory and immune responses. However, the 
study did not find any association between muscle quantity 
and the local inflammatory environment of the tumors in 
the patient cohort (30).

Imagining methods of sarcopenia diagnoses

The studies reviewed primarily utilized radiographic 
methods such as CT and DXA to assess sarcopenia. CT 
imaging, particularly at the level of the lumbar vertebrae 
and specific muscles such as the psoas and abdominals, 

was the most common method used, as seen in studies by 
Dalbeni et al., Kays et al., Hou et al., Hu et al., Aro et al., 
He et al., and Reisinger et al., where sarcopenia prevalence 
and its association with inflammatory markers were 
analyzed (22,23,27-30,32). CT scans allowed for precise 
measurement of MM, although they did not always include 
MS assessments, which is a limitation noted in several 
studies. In contrast, DXA, as used by Scheede-Bergdahl 
et al. and Tenuta et al., provided a strong correlation with 
gold-standard instruments like CT and MRI while also 
considering MS, thereby offering a more comprehensive 
evaluation of sarcopenia (25,26). The review underscores 
the importance of these imaging techniques in diagnosing 
sarcopenia, although it also highlights the need for a more 
holistic approach that includes both MM and function.

Functional methods of sarcopenia diagnosis

In addition to radiographic measurements, the review 
emphasizes the importance of functional assessments 
in diagnosing sarcopenia. The European consensus on 
sarcopenia recommends evaluating MS, muscle quantity, 
and physical performance, however, few studies in the 
review incorporated. For instance, Scheede-Bergdahl 
et al. used HGS alongside DXA to assess sarcopenia, 
adding robustness to their study by including a functional 

Studies imported for screening (n=190)

Full-text studies assessed for eligibility 
(n=28)

Studies excluded (n=162): 
• Reviews or research protocols (n=50)
• Animal or in-vitro models (n=45)
• Not focused on pro-inflammatory mediators (n=25)
• Not focused on sarcopenia (n=22)
• Not focused on cancer (n=19)
• Language other than English (n=1)

Studies excluded (n=18): 
• Reviews (n=3)
• Not focused on cancer (n=3) 
• Not focused on sarcopenia (n=10) 
• Post-mortem studies (n=2)

Studies included (n=10)

Figure 1 Study selection flowchart.
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measure (25). Lipshitz et al. also employed BIA and 
hand dynamometry to evaluate MS and sarcopenia, 
finding significant associations between interleukins and 
reduced HGS (24). The review highlights the argument 
against relying solely on MM measurements, as MS 
and functionality are crucial components of sarcopenia 
diagnosis. The inclusion of the muscle quality index (MQI) 
in diagnostic algorithms is suggested as it accounts for 
muscle performance, offering a more accurate reflection 
of sarcopenia’s impact on physical function. Cawthon  
et al. [2020] highlighted the significance of HGS and 
slow gait, showing their independent association with 
higher risks of mobility limitations, falls, hip fractures, and 
mortality, whereas MM measurements (using DXA) did not 
significantly correlate with these outcomes (33).

Conclusions

The findings suggest that cytokines, particularly IL-6, IL-
8, and TNF-α, play a crucial role in the inflammatory 
processes leading to sarcopenia in cancer patients. 

The review also revealed that most studies did not 
assess MS and functional performance, which are integral 
components of sarcopenia, extending beyond the loss of 
MM. The variability in how sarcopenia was measured—
whether through BIA, DXA, or CT/MRI—emphasizes 
the need for future research to establish standardized 
cutoff points for inflammatory mediators and to explore 
the relationship between cytokine expression and different 
cancer types. 

Additionally, since most study participants were elderly 
with primary sarcopenia, it is crucial to differentiate the 
effects of age from those of cancer in these findings.
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