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Background: Whether sarcopenia has an impact on immune-related adverse events (irAEs) in patients 
with malignant neoplasms receiving immune checkpoint inhibitors (ICIs) is not consistent. This study aimed 
to evaluate the impact of sarcopenia on all grades of irAEs.
Methods: PubMed, Embase, and Cochrane Library databases were systematically searched for related 
studies up to May 2021. Eligible studies were included according to the PICOS criteria. The risk of bias of 
the included studies was assessed according to the Newcastle-Ottawa Scale (NOS). The odds ratio (OR), 
corresponding to the 95% confidence interval (CI) of all grades of irAEs, was collected and analyzed, and 
a further subgroup analysis of serious adverse events was conducted. All analyses were conducted using the 
RevMan 5.4 software downloaded from the Cochrane website. The heterogeneity and sensitivity of the study 
were assessed.
Results: Of the 135 references identified, only 8 studies were analyzed, including 519 patients comprising 
250 with sarcopenia and 269 without sarcopenia. No obvious bias was observed in the included studies. An 
increased incidence of irAEs was not observed in patients with sarcopenia at pre-immunotherapy compared 
to those without sarcopenia. The OR and corresponding 95% CI were 0.97 and 0.62–1.53, respectively 
(P=0.90), with low heterogeneity (P=0.17, I2 =32%). Further, severe adverse events were analyzed in three 
studies, and the results showed that sarcopenia was not related to irAEs (P=0.97).
Conclusions: Malignancies with sarcopenia at pre-immunotherapy may not increase the incidence of 
irAEs, and sarcopenia may not be a predictive factor for irAEs.
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Introduction

Immune checkpoint inhibitors (ICIs), as an antitumor 
therapy, are currently widely used in patients with malignant 
tumors because of their therapeutic effects, especially in 
those patients with advanced stages and weaker physiques 
who cannot tolerate chemotherapy. Immunotherapy has 
been shown to improve long-term survival while reducing 
treatment adverse events compared to that of conventional 
chemotherapy (1,2). Although the overall tolerance for 
ICIs is better than that for chemotherapy, they may still 
induce immune-related adverse events (irAEs) and even 
severe adverse events. Some factors may predict the risk 
of adverse events. Different infusion times may affect 
irAEs, and the incidence of irAEs of any grade was higher 
in a 30-min infusion group than that in a 60-min infusion 
group (3). Different ICIs induce different irAEs. irAEs 
were more frequent in patients receiving programmed cell 
death protein 1 (PD-1) inhibitors than those receiving 
programmed death-ligand 1 (PD-L1) inhibitors (4). 
However, there is still no gold standard or consensus to 
assess this possibility.

Sarcopenia is characterized by loss of skeletal muscle 
mass and function, which most commonly occurs in 
patients with cancer, especially in metastatic or advanced 
cases. Several studies have demonstrated that sarcopenia 
is associated with poor outcomes in patients undergoing 
chemotherapy, surgery, or immunotherapy (5-8) and 
increased the cytotoxicity of chemotherapy drugs and poor 
quality of life (9,10); however, the adverse events induced by 
ICIs are still inconsistent. Sarcopenic obesity was related to 
earlier irAEs in patients with melanoma (11). However, our 
team’s early meta-analysis showed that sarcopenia was not 
associated with irAEs (12). Considering the few included 
articles, this is the first meta-analysis to evaluate only the 
influence of sarcopenia on irAEs. We present the following 
article in accordance with the PRISMA reporting checklist 
(available at https://dx.doi.org/10.21037/tcr-21-1470). 

Methods

Data source and search strategy

The literature was systematically searched by two 
reviewers (Shuluan Li and Tianyu Wang) for related 
studies in PubMed, Embase, and the Cochrane Library 
from inception until May 2021, using the following search 
terms: “neoplasia”, “neoplasias”, “neoplasm”, “tumors”, 
“tumor”, “cancer”, “cancers”, “malignancy”, “malignancies”, 

“malignant neoplasms”, “malignant Neoplasm”, “neoplasm 
malignant”, “neoplasms malignant”, “benign neoplasms”, 
“neoplasms, benign”, “benign neoplasm”, “Neoplasm, 
Benign”, “checkpoint Inhibitors, Immune”, “immune 
Checkpoint Inhibitor”, “checkpoint Inhibitor, Immune”, 
“immune checkpoint blockers”, “Checkpoint Blockers, 
Immune”, “Immune Checkpoint Blockade”, “Checkpoint 
Blockade, Immune”, “Immune Checkpoint Inhibition”, 
“Checkpoint Inhibition, Immune”, “PD-L1 Inhibitors”, 
“PD L1 Inhibitors”, “PD-L1 Inhibitor”, “PD L1 Inhibitor”, 
“Programmed Death-Ligand 1 Inhibitors”, “Programmed 
Death Ligand 1 Inhibitors”, “CTLA-4 Inhibitors”, “CTLA 
4 Inhibitors”, “CTLA-4 Inhibitor”, “CTLA 4 Inhibitor”, 
“T-Lymphocyte-Associated Protein 4 Inhibitors”, 
“Cytotoxic T Lymphocyte Associated Protein 4 Inhibitors”, 
“Cytotoxic T-Lymphocyte-Associated Protein 4 Inhibitor”, 
“Cytotoxic T Lymphocyte Associated Protein 4 Inhibitor”, 
“PD-1 Inhibitors”, “PD 1 Inhibitors”, “PD-1 Inhibitor”, 
“Inhibitor, PD-1”, “Programmed Cell Death Protein 1 
Inhibitor”, “Programmed Cell Death Protein 1 Inhibitors”, 
“PD-1-PD-L1 Blockade”, “Blockade, PD-1-PD-L1”, 
“PD-1-PD-L1 Blockade”, “Sarcopenia”, “Myopenia”, 
“Muscle atrophy”, “Muscle wasting”, “Muscle attenuation”, 
“Muscle deletion”, “Muscle loss”, “Muscle weak”, “Muscle 
reduction”, “Muscle strength”, “Muscle mass”, “Muscular 
atrophy”, “Muscular wasting”, “Muscular attenuation”, 
“Muscular deletion”, “Muscular loss”, “Muscular weak”, 
“Muscular reduction”, “Muscular strength”, “Muscular 
mass”, “Drug Related Side Effects and Adverse Reactions”, 
“Side Effects of Drugs”, “Drug Side Effects”, “Drug Side 
Effect”, “Effects, Drug Side”, “Side Effect, Drug”, “Side 
Effects, Drug”, “Adverse Drug Reaction”, “Adverse Drug 
Reactions”, “Drug Reaction, Adverse”, “Drug Reactions, 
Adverse”, “Reactions, Adverse Drug”, “Adverse Drug 
Event”, “Adverse Drug Events”, “Drug Event, Adverse”, 
“Drug Events, Adverse”, “Drug Toxicity”, “Toxicity, Drug”, 
“Drug Toxicities” and “toxicities, Drug”. Moreover, the 
collected reference lists were screened to identify the 
relevant studies.

Inclusion criteria

The following were the inclusion criteria: (I) patients: 
patients diagnosed with malignant tumors; (II) intervention 
methods: immunotherapy as the main method, which 
included PD-1 or PD-L1 inhibitors or cytotoxic T 
lymphocyte-associated protein 4 (CTLA-4) inhibitors; (III) 
comparison factor: sarcopenia compared with those without 
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sarcopenia, assessed by computer tomography (CT) imaging 
before immunotherapy; (IV) outcome: number of patients 
with irAEs; and (V) study design: randomized controlled 
clinical trials and observational research. All studies should 
be full texts of publications. Sarcopenia was defined as 
skeletal muscle index (SMI) or psoas muscle index (PMI) at 
the level of the third lumbar vertebra (L3), having a definite 
cutoff value.

Exclusion criteria

The exclusion criteria were as follows: (I) the patients 
did not have malignant tumors and did not receive ICI 
immunotherapy; (II) the method of diagnosing sarcopenia 
was not CT imaging; (III) the study did not have a control 
group (patients without sarcopenia); and (IV) the study was 
a review, case report, letter, comment, or meta-analysis.

Data extraction and quality assessment

Two authors (Shuluan Li and Tianyu Wang) independently 
screened the identified titles and abstracts to determine 
the related studies. If an abstract had potential, the full text 
was obtained. If an article was excluded, two authors had 
to agree. The data collected were as follows: first author, 
publication country, year of publication, sample size, ICI 
drug, sarcopenia evaluation method and cutoff value, irAEs 
of any grade, and severe irAEs. The quality of included 
studies was assessed according to the Newcastle-Ottawa 
Scale (NOS) criteria. Discrepancies were addressed for 
literature search, data extraction, and risk of bias assessment 
through discussions by the two authors.

Statistical analysis

The impact of pre-immunotherapy sarcopenia on irAEs was 
evaluated using the odds ratio (OR) and the corresponding 
95% confidence interval (CI). The heterogeneity of the 
included studies was determined using I2 statistics and the 
Cochran’s Q test. When I2 ≥50% and/or P for the Q test 
≤0.10, this was regarded to have significant heterogeneity. 
Otherwise, if a fixed-effects analysis was performed, a 
random-effects analysis was also conducted. Sensitivity 
analysis was performed using the leave-one-out method 
(sequentially removing one study each time). Publication 
bias was assessed using a funnel plot. All analyses were 
performed using the RevMan 5.4 software. Statistical 
significance was defined as a two-sided P<0.05.

Results

Study selection and characteristics

A total of 135 references were identified, and 35 were excluded 
because of duplicative titles. In addition, 90 references were 
excluded due to no obvious correlation with the inclusion 
criteria. Ten references were eligible, and the full texts were 
read carefully. One review and one study that did not include 
the number of patients with irAEs were identified and 
excluded. Finally, only eight eligible studies were included in 
the meta-analysis (Figure 1).

These eight studies were all retrospective in nature, 
including 519 patients (250 with sarcopenia and 269 without 
sarcopenia with lung cancer, melanoma, renal cell carcinoma, 
urothelial carcinoma, gastrointestinal cancer, soft tissue 
sarcoma, prostate adenocarcinoma, cervical cancer, and 
others). Six studies evaluated irAEs of any grade, and three 
studies reported serious irAEs. The main characteristics of 
the included studies are shown in Table 1 (8,11,13-18).

Assessment of quality and risk of bias in included studies

Randomized controlled trials in the three databases were 
not retrieved; therefore, the nine-point NOS was used 
to evaluate the quality assessment and risk of bias of the 
analysis of the included studies. The eight articles included 
had no obvious bias according to the NOS criteria. The 
evaluation results are shown in Table 1.

Impact of sarcopenia on irAEs

All studies reported irAEs, six articles reported irAEs of 
any grade, three documented severe adverse events, and 
three described various clinical manifestations of irAEs. 
Our meta-analysis showed that no difference was observed 
in the irAEs between patients with and without sarcopenia 
(P=0.90). The OR and corresponding 95% CI were 0.97 
(0.62–1.53) with low heterogeneity (P=0.17, I2 =32%) using 
a fixed-effects model, and then a random-effects model 
analysis was performed, with the same results (Figure 2).

We further analyzed the severe adverse events, including 
three studies, and the results showed that sarcopenia was not 
related to irAEs (P=0.97), with an OR and corresponding 
95% CI of 1.02 and 0.41–2.52, with moderate heterogeneity 
(P=0.12, I2 =54%) (Figure 2). Finally, we further explored 
whether obesity in patients with sarcopenia had an impact 
on irAEs in the included studies. Heidelberger et al. (11) 
reported that lean body mass and muscle loss were not 
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associated with increased toxicity. However, patients with 
increased body mass index (BMI) experienced more toxicity, 
and the correlation was even stronger among female 
patients with BMI ≥25 kg/m2 (overweight) and sarcopenia 
(muscle loss) (P=0.01). Hirsch et al. (16) reported that 
patients with sarcopenia had more irAEs than those without 
sarcopenia (OR =3.86; 95% CI: 1.40–13.1; P=0.03), which 
was an independent prognostic factor for irAEs. However, 
obesity in patients with sarcopenia was not significantly 
related to the incidence of irAEs.

Sensitivity analysis and publication bias

Sensitivity analysis was performed by sequentially leaving 
one study out and repooling the remaining studies, and 
similar results were obtained. Publication bias of irAEs, 
using a funnel plot, was not observed (Figure 3).

Discussion

Sarcopenia is a component of frailty syndrome (19). 

Sarcopenia is characterized by muscle loss or atrophy, which 
is related to ageing, reduced physical activity, and chronic 
diseases (20). Current research has put forward a variety of 
theories explaining the mechanism of muscle changes in 
sarcopenia, including changes in satellite cell recruitment, 
anabolic signals, protein oxidation, inflammation, and 
developmental factors (21,22). Sarcopenia has widely been 
recognized in the field of oncology. Sarcopenia can have 
a negative impact on tumor treatment and can even cause 
falls, fractures, and disabilities, which can lead to a decline 
in the quality of life of patients with tumors and increase 
the cost of medical care (23).

Cancer immunotherapy treats cancer by artificially 
stimulating the immune system and improving the natural 
resistance of the immune system to cancer (24). In recent 
years, the success of several immunotherapies, such as the 
use of the anti-CTLA-4, antibody ipilimumab and the anti-
PD-1 antibody in 2011 and 2014 (25), respectively, for the 
treatment of melanoma has been documented. Tumors 
can use these checkpoints to protect themselves from the 
immune system (26). Blocking these negative feedback 
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signals in immune cells leads to an enhanced immune 
response to the tumor (27). However, patients receiving 
checkpoint blockers (especially the anti-CTLA-4 antibody) 
or a combination of checkpoint-blocking antibodies are 
at high risk of irAEs affecting the skin, gastrointestinal, 
endocrine, or liver (28). This may be due to the induction 
of a large number of T cells through injection of 
checkpoint blockers into the bloodstream (29). In general, 
immunotherapy is aimed at cancer patients as a whole, with 
off-target effects and common toxicity (30).

It is now clear that sarcopenia affects the toxicity of 
chemotherapy drugs in cancer patients (31), increases the 
complications of surgical treatment (32), and is related 
to the poor quality of life in patients with cancer (33). At 

the same time, various studies showed that the presence 
of sarcopenia was poorly correlated with the efficacy 
of immunotherapy, not only in lung cancer, but also in 
melanoma, renal cell carcinoma, urothelial carcinoma, and 
others (7,34-38). How muscle loss affects irAEs in patients 
with cancer receiving immunotherapy is still unclear. Some 
scholars believe that the increase in adverse reactions may 
be induced by immunotherapy, but current research results 
vary. Studies have also shown that sarcopenia is unrelated to 
irAEs (39). Our meta-analysis included eight clinical studies. 
The observed indicators include adverse reactions of major 
organs (interstitial pneumonia; colitis; hepatitis; thyroiditis; 
skin reactions; low levels of platelets and white blood cells; 
inflammation of the brain or spinal cord; neuromuscular 
adverse events, including myositis, Guillain-Barré 
syndrome, and myasthenia gravis; myocarditis and cardiac 
insufficiency; acute adrenal insufficiency; and nephritis), as 
well as adverse reactions of any grade (focusing on severe 
adverse reactions of grade 3 or 4). Compared with patients 
receiving traditional chemotherapy drugs, those receiving 
immune checkpoint blockers experience a lower incidence 
of adverse reactions. This meta-analysis treats all adverse 
reactions as a whole, but the results show that adverse 
reactions of any grade are not associated with sarcopenia. 

Our meta-analysis strictly selected eligible studies and is 
the first to analyze the influence of sarcopenia on immune-
induced adverse reactions of any grade and severe grade. 
However, our meta-analysis had several limitations. First, 
the included studies were all retrospective in nature because 
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of the lack of published randomized controlled studies, and 
there may have been selection bias in the enrolled patients. 
Second, the number of study samples in the enrolled study 
was relatively small, which is not sufficient to fully explain 
the research results. Third, although a subgroup analysis of 
severe irAEs was performed, the number of included studies 
was relatively small.

This study aimed to analyze the influence of sarcopenia 
on immune-induced adverse reactions and reveal the 
mechanism by which sarcopenia affects the outcomes 
of immunotherapy. The analysis results showed that 
sarcopenia did not increase the adverse reactions induced 
by ICIs. Therefore, patients with sarcopenia, especially 
those with advanced or poor physical conditions, can 
select immunotherapy, as indicated. Sarcopenia is not a 
contraindication to immunotherapy. However, due to the 
limited number of cases, more clinical trials are needed for 
further confirmation.
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