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Background

The effect of sarcopenia on the clinical outcomes of patients with malignant neoplasms receiving immune checkpoint inhibitors (ICIs) is unclear. The aim of this study was to evaluate the effect and survival of patients with malignancies and sarcopenia receiving ICIs.



Methods

We systematically searched related studies in PubMed, Embase, and Cochrane Library up to March 2021 according to the inclusion and exclusion criteria. Information pertaining to the hazard ratio (HR) corresponding to 95% confidence interval (CI) of overall survival (OS) and progression-free survival (PFS) as determined by univariate and multivariate analyses; the odds ratio (OR) corresponding to the 95% CI of the disease control rate (DCR) and objective response rate (ORR); and immune-related adverse events (irAEs) was collected and analyzed using the RevMan 5.4 software. Study heterogeneity and sensitivity were also assessed.



Results

A total of 19 studies were finalized that included 1763patients with lung, gastrointestinal, and head and neck cancers as well as those with melanoma, renal cell carcinoma, urothelial carcinoma, pancreatic cancer, and soft tissue sarcoma. According to univariate and multivariate analyses, patients with sarcopenia at pre-immunotherapy had poorer PFS and OS than those without. HRs and the corresponding 95% CI of PFS were 1.91(1.55–2.34, p <0.00001) and 1.46 (1.20–1.78, p =0.0001), respectively, and HRs and the corresponding 95% CI of OS were 1.78 (1.47–2.14, p <0.00001) and 1.73 (1.36–2.19, p <0.0001), respectively. Patients with sarcopenia showed poor PFS and OS during treatment. In addition, patients with sarcopenia had worse ORR (OR 0.46, 95% CI 0.28–0.74, p = 0.001) and DCR (OR 0.44, 95% CI 0.31–0.64, p<0.0001); however, the incidence of irAEs of any grade and high-grade in patients with sarcopenia did not increase, OR and the corresponding 95% CI were 0.58(0.30–1.12, p = 0.10) and 0.46(0.19–1.09, p = 0.08). Further, we performed subgroup analysis, skeletal muscle mass index (SMI) and psoas muscle mass index (PMI) stratification. In the SMI group, patients with sarcopenia had poor ORR, DCR, PFS, and OS than those without. In the PMI group, sarcopenia had poor ORR,DCR, and was a poor prognostic factor for PFS and OS according to univariate analysis but had no effect on PFS and OS according to multivariate analysis.



Conclusions

Patients with malignancies and sarcopenia at pre-immunotherapy or follow-up visits had poorer clinical outcomes than those without, and sarcopenia was a poor predictive factor of ICI immunotherapy outcomes.
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Introduction

Immune checkpoint inhibitors (ICIs) are currently widely used for treating patients with solid tumors, especially non-small cell lung cancer, and melanoma and have achieved revolutionary treatment effects and long-term survival times compared with conventional chemotherapy (1, 2). ICIs inhibit tumor growth or kill tumor cells by stimulating and enhancing antitumor responses (3). However, the immunotherapeutic efficacy of ICIs is not completely satisfactory because most patients cannot benefit from immunotherapy and immune tolerance may be the main reason behind this lack of sufficient efficacy (4). Several studies have attempted to determine the type of patients who are most likely to benefit from ICI treatment. Although the expression of PD-L1, a mismatch repair protein, and microsatellite instability tests have helped in screening people who can benefit clinically from this treatment, the number of better indictors for accurately predicting immunotherapy outcome is insufficient (5, 6).

Sarcopenia is characterized by loss of skeletal muscle mass and function, and is a poor prognostic factor for outcomes in patients who have received chemotherapy or undergone surgery (7, 8). The prevalence of sarcopenia is high in cancer patients (9). The reasons for the high incidence of sarcopenia in patients with cancer are as follows: malnutrition, physical inactivity, inflammatory response, alterations in the hormonal milieu and imbalance of metabolism presence, and increased protein consumption (10, 11). Some studies have reported that sarcopenia in cancer patients who have not received treatment is related to postoperative complications, chemotherapy-induced toxicity, and poor survival rate (12–15).

Recently, several studies have shown the poor effect of sarcopenia on patients including lung cancer, melanoma, gastrointestinal system, urothelial carcinoma receiving ICI immunotherapy (16–18). However, whether sarcopenia is a predictive factor for clinical outcomes in patients with malignancies receiving ICIs is unclear. To date, only one meta-analysis has reported the relationship between sarcopenia and immunotherapy, mainly focusing on non-small cell lung cancer (19). Therefore, we performed this systematic review and meta-analysis to investigate the effect of sarcopenia on the efficacy of immunotherapy for different types of tumors.



Methods

This meta-analysis was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines (20).


Search Strategy

We systematically searched the related studies in PubMed, Embase, and Cochrane Library databases from inception until July 2021. These search terms are provided in the Supplementary Material. Moreover, we screened the collected reference lists to identify relevant studies.



Inclusion Criteria

The inclusion criteria for eligible studies were as follows: (1) Patients: patients diagnosed with metastatic or recurrent malignant solid tumors; (2) Intervention methods: all patients received ICI immunotherapy, including PD-1 or PD-L1 inhibitors or CTLA-4 inhibitors as first-line, second-line, or multiple lines of treatment; (3) Comparison factor: patients with sarcopenia compared with those without and sarcopenia was evaluated by computed tomography (CT) scan before immunotherapy was administered. Measurement values of the cross-sectional area of the total skeletal muscle index (SMI) or psoas muscle index (PMI) on abdominal CT at the level of the third lumbar vertebra (L3) were used to evaluate sarcopenia. Sarcopenia was defined by a definite cut-off value. (4) Outcome: The clinical outcomes of eligible studies included progression-free survival (PFS) or overall survival (OS) with reporting hazard ratio (HR) and 95% confidence interval (CI), and objective response rate (ORR), disease control rate (DCR), and immune-related adverse events (irAEs) reporting the event number of patients; and (5) Study design: randomized controlled clinical trials and observational research. Only those studies with full-text availability were selected.



Exclusion Criteria

The exclusion criteria were as follows: Patients with benign cancers and those with malignancies but who did not receive ICI immunotherapy but received chemotherapy or underwent surgery; sarcopenia was not diagnosed by CT scan and the study had no pre-immunotherapy data and no definitive cut-off value for sarcopenia; there was no available data on OS, PFS, ORR, or DCR and no control group (non-sarcopenia); and the study type was review, case report, letter, comment, or meta-analysis, and the full text could not be accessed for such studies.



Data Extraction and Quality Assessment

Two authors (SL and TW) independently searched and scanned the identified titles and abstracts to find relevant studies. If an abstract was identified as a potential inclusion, we screened the full text of the publication. Discrepancies were resolved by discussion. Studies were excluded on the basis of the consensus of three authors (SL, TW, and GT). We collected the following data from the included studies: first author name, publication country, publication year, sample size, patient age, tumor stage, ICI drug, sarcopenia evaluation method and cut-off value, numbers of patients with and without sarcopenia, PFS and OS corresponding HRs and 95% CIs, and irAEs. The quality of eligible studies was assessed according to the Newcastle–Ottawa Scale (NOS) criteria.



Statistical Analysis

We used the RevMan 5.4 software for all the analyses. The effect of pre-immunotherapy sarcopenia or change related to it during treatment on PFS and OS was evaluated using HR and corresponding 95% CI values and the relationship between pre-immunotherapy sarcopenia and ORR, DCR, and irAEs was evaluated according to odds risks and the corresponding 95% CIs. Heterogeneity among studies was evaluated using I2 statistics and the Cochran Q test when heterogeneity was significant (I2 ≥50% and/or P for Q test ≤0.10), and χ2 <0.10 was used to define statistically significant heterogeneity. Further, subgroup analysis was performed and a fixed-effect model was used. If heterogeneity was significant, a random-effect model was used. Sensitivity analysis was performed using the leave-one-out method (sequentially removing one study each time). A funnel plot was used to assess publication bias. Statistical significance was defined as a two-sided p-value of <0.05.




Results


Study Selection and Characteristics

We identified 544 references by searching for studies in PubMed, Embase, Web of Science and the Cochrane Library and 226 references were excluded because of the presence of duplicate articles. The titles and abstracts of the articles were screened and 279 references were excluded because they were irrelevant according to the inclusion criteria. Moreover, we read 39 full-text studies carefully and identified 7 reviews and 2 article without data regarding pre-immunotherapy sarcopenia, 6articles without clinical effects, and 5 articles without cut-off values for sarcopenia. Finally, 19 eligible studies were included in the meta-analysis (Figure 1).




Figure 1 | A flow chart of studies selection process.



These 19 studies were all retrospective in nature and included a total of 1763 patients (those with lung cancer, melanoma, renal cell carcinoma, urothelial carcinoma, gastrointestinal cancer, soft-tissue sarcoma, prostate adenocarcinoma, cervical cancer, and ICI immunotherapy contained PD-1 or PD-L1 inhibitors or CTLA-4 inhibitors. In these studies, 17 studies evaluated PFS, 16 studies evaluated OS, 17 studies evaluated tumor response, and 10 studies reported irAEs of any grade. Sarcopenia was defined by measuring skeletal muscle mass using CT images. The main characteristics of the included studies are summarized in Table 1 (17, 18, 21–37).


Table 1 | Characteristics of the included studies.





The Effect of Sarcopenia on Clinical Outcome

We performed a meta-analysis of the effect of sarcopenia on clinical outcomes, mainly with regard to PFS, OS, ORR, and DCR, all of which showed poor results in patients with sarcopenia than those without.


Progression-Free Survival (PFS) and Overall Survival (OS)

All studies reported PFS or OS; however, a few studies were excluded to analyze PFS or OS because they did not report HR data or only reported the survival curve data. Therefore, to assess the effect of pre-immunotherapy sarcopenia on PFS, we considered 10 articles that included a total of 739 patients for univariate Cox proportional hazards regression analysis and 7 studies including a total of 655 patients for multivariate HR analysis of PFS. The meta-analyses of these studies showed that patients with sarcopenia had poorer PFS than those without; HR and the corresponding 95% CI values according to univariate analysis were 1.91 (1.55–2.34, p <0.00001) with no heterogeneity (p = 0.28, I2 = 17%) and 1.46(1.20–1.78, p=0.001) according to multivariate analysis with low heterogeneity (p = 0.25, I2 = 23%), respectively (Figure 2).




Figure 2 | Forest plot of impact of sarcopenia on clinical efficacy. (A) Sarcopenia and PFS(by univariate HR), (B) Sarcopenia and PFS(by multivariate HR), (C) Sarcopenia and OS(by univariate HR), (D) Sarcopenia and OS(by multivariate HR).



To determine the effect of pre-immunotherapy sarcopenia on OS, 8 studies that included a total of 860 patients were selected for univariate analysis and 7 studies that included a total of 611 patients were selected for multivariate HR analysis of OS. The meta-analyses of these studies showed that patients with sarcopenia had poorer OS. HR and the corresponding 95% CI according to univariate analysis was 1.78(1.47–2.14, p <0.00001) with low heterogeneity (p = 0.24, I2 = 24%), and 1.73 (1.36–2.19, p <0.00001) by multivariate analysis with moderate heterogeneity (p = 0.15, I2 = 36%) (Figure 2), respectively. Considering the low or moderate heterogeneity of the above results, a random-effect model was used and similar results were obtained.

Further, we performed subgroup analysis of SMI and PMI subgroups and determined the effect of sarcopenia on clinical outcomes. The results showed that in the SMI group, sarcopenia was a poor prognostic factor for PFS and OS in univariate and multivariate analyses. However, in the PMI group, sarcopenia was a poor prognostic factor for PFS and OS in univariate analysis but had no effect on PFS and OS in multivariate analysis (Figure 3).




Figure 3 | Subgroup analysis including SMI and PMI group. (A) Sarcopenia and PFS(by univariate HR), (B) Sarcopenia and PFS(by multivariate HR), (C) Sarcopenia and OS(by univariate HR), (D) Sarcopenia and OS(by multivariate HR) (E) Sarcopenia and ORR, (F) Sarcopenia and DCR.



One study evaluated the effect of developing sarcopenia during treatment on PFS and OS. The results of this study showed that patients with developing sarcopenia had worse PFS and OS than those without change. The HR (95% CI) was 2.45 (1.09–5.53) and 3.87 (1.60–9.34) respectively (28). Another study evaluated the effect of increasing or decreasing L3SMI/median skeletal muscle attenuation and delta (∆) L3SMI (∆L3SMI) three months after ICI therapy on OS and reported that ∆L3SMI became a prognostic factor for OS with HR values (95% CI) of 0.929 (0.898–0.960) and 0.925 (0.890–0.961) according to univariate and univariate Cox-regression analysis, respectively (30).



Objective Response Rate (ORR) and Disease Control Rate (DCR)

Our meta-analysis showed that patients with sarcopenia had worse ORR (OR 0.46, 95% CI 0.28–0.74, p = 0.001) and DCR (OR 0.44, 95% CI 0.31–0.64, p <0.0001) compared to those without sarcopenia. Figure 4 shows all the low inconsistencies corresponding to the I2 value (p = 0.10, I2 = 35% and p = 0.18, I2 = 28%, respectively) using the fixed-effect model. A random-effect model was then used to analyze the same parameters and similar results were obtained. Patients with sarcopenia in both SMI and PMI subgroups had poor ORR and DCR (Figure 3).




Figure 4 | Forest plot of impact of sarcopenia on tumor response. (A) Sarcopenia and ORR, (B) Sarcopenia and DCR.





Immune-Related Adverse Events (irAEs)

Of the 19 included studies, 10 articles reported irAEs, of which 5articles of any grade iAEs and 4 studies of high grade iAEs were suitable for analysis. And found that in patients with sarcopenia, the incidence rate of irAEs neither of any grade nor high grade increased compared to those without sarcopenia. OR and the corresponding 95% CI were 0.58(0.30–1.12, p = 0.10) and 0.46(0.19–1.09, p = 0.08), respectively. and both showed no heterogeneity with p(0.60, 0.63) and I2 (0% and 0%), respectively (Figure 5).




Figure 5 | Forest plot of impact of sarcopenia on iAEs (A). Sarcopenia and any grade iAEs, (B) Sarcopenia and high grade iAEs.






Assessment of Quality and Risk of Bias in Included Studies and Publication Bias

The included articles were all retrospective studies, so the quality assessment and risk of bias of analysis were performed using the 9-point Newcastle–Ottawa (NOS) scale. The evaluation results are shown in Table 1. Publication bias related to PFS and OS determined using a funnel plot showed no significant publication bias (Figure 6).




Figure 6 | Funel plot of impact of publication bias. (A) Sarcopenia and PFS (by multivariate HR), (B) Sarcopenia and OS (by multivariate HR).






Discussion

Immunotherapy has been gradually and widely used for the treatment of various types of cancers (1, 2). Compared with traditional chemotherapy, patients with advanced solid malignancies receiving immunotherapy have a lower risk of developing adverse events and the proportion of patients with serious adverse reactions above grade III is significantly lower (16.5% vs. 41.09%) (38). Sarcopenia is gradually attracting attention as a factor affecting patient prognosis. Sarcopenia is defined as age-associated loss of skeletal muscle mass and function. The incidence of sarcopenia in patients with cancer is high: it is 43% in patients with non-small cell lung cancer (NSCLC), 52% in patients with small cell lung cancer (SCLC) (39), 57% in patients with gastric cancer (40), and 29% in patients with metastatic renal cell carcinoma (41). There are some causes of sarcopenia during chemotherapy, targeted therapy, and immunotherapy. Vitamin D suppresses the expression and activity of FOXO1, an atrophy-related gene, commonly observed during conditions such as malnutrition and cancer (42, 43). Increased levels of tumor necrosis factor (TNF-α), interferon (IFN)-γ, and interleukin (IL)-6 are associated with increased muscle catabolism and reduced muscle protein synthesis (44).

Sarcopenia is believed to be associated with poor outcomes in patients with solid tumors who have received chemotherapy or have undergone surgery. It is also related to increased chemotherapeutic toxicity and postoperative complications (45–47). However, the effect of sarcopenia on immunotherapy outcome remains unclear. A previous study showed that sarcopenia affected the immune system leading to immune senescence (48). Hence, sarcopenia was considered to have a deleterious effect on the antitumor response by immunotherapy. Most studies have reported that sarcopenia is associated with worse treatment response and shorter survival in patients with NSCLC treated with ICI immunotherapy (19). This analysis was performed mainly on lung cancer data and did not include other cancer types. Other studies also showed that sarcopenia was the negative impact on clinical outcomes in melanoma, urothelial carcinoma patients (18, 29, 30). In addition, some studies (23, 28) have reported that sarcopenia had no effect on the outcome of malignancies. Therefore, for the first time, we performed a meta-analysis of the effect of sarcopenia on various tumors. Furthermore, we verified that sarcopenia affects the efficacy of ICIs administered for treating various types of tumors including lung cancer, melanoma, renal cell carcinoma, urothelial carcinoma, gastrointestinal cancer, soft-tissue sarcoma, prostate adenocarcinoma, and cervical cancer. In our analysis, patients with sarcopenia had the worst ORR and DCR values. Both univariate and multivariate analyses of HR for PFS and OS showed that patients with sarcopenia had poorer survival than those without sarcopenia and sarcopenia was an independent prognostic factor. Moreover, sarcopenia developing during treatment versus no changes related to skeletal muscle mass during treatment also affected patient survival. Only a few studies have reported the effect of sarcopenia on irAEs, which showed that sarcopenia increased their incidence (49, 50). However, a meta-analysis reported that sarcopenia had no relation with irAEs (19). Our analysis also showed that sarcopenia did not increase the incidence of irAEs. Due to the small number of studies, more data are needed to confirm this.

Sarcopenia can be diagnosed by dual-energy X-ray absorptiometry scan, bioelectrical impedance analysis, CT, and magnetic resonance imaging (MRI) (51). Measurements of the cross-sectional area of total skeletal muscles on abdominal CT at the level of the third lumbar vertebra (L3) and determining the total SMI are typically used to evaluate sarcopenia in clinical practice, which is considered the gold standard method (52, 53). The muscles evaluated by the above methods include the psoas, erector spinae, quadratus lumborum, transversus abdominis, external obliques, internal obliques, and rectus abdominis, which are considered to represent whole-body muscles. However, measuring the mass of these muscles is cumbersome, and hence, a previous study determined the psoas muscle index (PMI) by measuring the cross-section of this muscle at the L3 level to evaluate muscle mass (54). However, a previous study reported that the psoas major cannot represent whole-body skeletal muscle mass (55). The criteria for determining cut-off values for sarcopenia based on CT or MRI scans are inconsistent. Different studies have reported varied values (7, 56). The evaluation indicators of sarcopenia in the studies included in our analysis were SMI or PMI measured by CT and determined cut-off values. Subgroup analysis showed that sarcopenia affected ORR and DCR in both the SMI and PMI groups. In the SMI group, sarcopenia was a poor prognostic factor for PFS and OS according to both univariate and multivariate analyses. However, in the PMI group, sarcopenia was not an independent prognostic factor for PFS and OS according to multivariate analysis. However, these results are required to be further confirmed because only two studies were included.

Both sarcopenia and the immune response of cancer patients affect each other and result in poor prognosis. Systemic inflammatory markers secrete cytokines, chemokines, and growth factors and play a key role in carcinogenesis and metastasis (57). Tumor-related skeletal muscle exhaustion is also believed to be induced by tumor-related inflammation (57). Previous studies have shown that sarcopenia has a significant linear relationship with the levels of systemic inflammation markers (such as serum C-reactive protein) (58). Furthermore, a previous study reported that the neutrophil/lymphocyte ratio (NLR) of patients with sarcopenia was higher than that of patients without sarcopenia (59). Another study reported that in stage II colon cancer patients receiving adjuvant chemotherapy, NLR was an independent predictor of OS, and as the NLR increased, the number of lymphocytes and lymphocyte-mediated immune response against malignant tumors decreased (60). On the other hand, because muscle cells can produce anti-proliferative mediators, the reduction in muscle cells reduces the levels of these mediators, possibly contributing to cancer recurrence (61).

Our analysis strictly screened the included studies; therefore, there was no obvious publication bias or heterogeneity. Both univariate and multivariate analyses were performed to evaluate the clinical outcomes of the effect of sarcopenia on patients with different types of cancers who received ICI treatment. Moreover, according to the diagnosis of sarcopenia by SMI and PMI, we stratified and analyzed its effect on survival in the PMI and SMI subgroups. However, our meta-analysis has several limitations. First, we included only retrospective studies, so the results could be affected by specific biases in the initial study. Second, the methods for assessing sarcopenia were different, and the cut-off values for diagnosing sarcopenia were inconsistent among the included studies. Third, although we performed subgroup analysis, considering the number of included studies and failure to evaluate the prognosis of sarcopenia and its effect on OS in the PMI group, we could not conclude whether PMI can be used to assess sarcopenia. Low muscle mass thresholds also depend on factors such as age, race, and region of the studied population. Finally, most of the studies included in our meta-analysis were performed on Asian patients. Our findings need to be confirmed by performing further studies on patients from other regions.

Based on our results, we concluded that sarcopenia is a poor prognostic factor for cancer patients who received ICI treatment. Compared with non-sarcopenia patients, patients with sarcopenia had a lower treatment response and shorter OS. Therefore, when immunotherapy is administered, we suggest that the effect of sarcopenia on the therapeutic effect of the treatment should be first known. During the follow-up period, CT is recommended to evaluate muscle mass while evaluating the therapeutic effect of immunotherapy.
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