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Background

Frailty, sarcopenia and malnutrition are powerful predictors of clinical outcomes that are not routinely measured in patients with non-small cell lung cancer (NSCLC). The primary aim of this study was to investigate the association of sarcopenia, determined by the psoas muscle index (PMI) with overall survival (OS) in patients with advanced NSCLC treated with concurrent immune checkpoint inhibitor (ICI) and chemotherapy (CTX).



Methods

We retrospectively reviewed data from a cohort of patients with locally advanced or metastatic NSCLC who were treated between 2015 and 2021 at the University of Virginia Medical Center. The cross-sectional area of the psoas muscle was assessed on CT or PET/CT imaging prior to treatment initiation. Multivariate analysis was performed using Cox proportional hazards regression models.



Results

A total of 92 patients (median age: 64 years, range 36-89 years), 48 (52.2%) men and 44 (47.8%) women, were included in the study. The median follow-up was 29.6 months. The median OS was 17.8 months. Sarcopenia, defined by a PMI below the 25th percentile, was associated with significantly lower OS (9.1 months in sarcopenic patients vs. 22.3 months in non-sarcopenic patients, P = 0.002). Multivariate analysis revealed that sarcopenia (HR 2.12, P = 0.0209), ECOG ≥ 2 (HR 2.88, P = 0.0027), prognostic nutritional index (HR 3.02, P = 0.0034) and the absence of immune related adverse events (HR 2.04, P = 0.0185) were independently associated with inferior OS.



Conclusions

Sarcopenia is independently associated with poor OS in patients with advanced NSCLC undergoing concurrent ICI and CTX.
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Introduction

Frailty is a state of increased vulnerability to stressors due to a decline in function and reserves across multiple physiologic systems (1, 2). In large prospective cohort studies, it has been shown that frailty is directly related to poor health outcomes including hospitalizations, therapy-related complications, disability, and mortality (3, 4). Sarcopenia, defined as a loss of muscle mass and function, constitutes an important component of physical frailty (5). The prevalence of sarcopenia among cancer patients is considerably high (6). In a systematic review and meta-analysis including 13 studies with 1810 patients, the pooled prevalence of sarcopenia was 43% in patients with NSCLC and 52% in patients with SCLC (7). Additionally, sarcopenia has been shown to be an independent predictor of reduced survival for patients with different stages of NSCLC (7, 8), which has been attributed to chemotherapy-induced toxicity and post-operative complications (9). However, treatment strategies have changed, and little is known about whether or how sarcopenia affects outcomes of NSCLC patients undergoing concurrent ICI and CTX. A more recent review and meta-analysis on the prognostic value of sarcopenia in advanced lung cancer patients receiving immune checkpoint inhibitor therapy highlights the need for additional research to better elucidate the prognostic value of sarcopenia and its association with functional impairment and treatment-related toxicity (10).

The prognosis of patients with advanced lung cell cancer is dependent on patient- and disease-specific factors. The former commonly includes age, sex, body mass index (BMI) and performance status. However, sarcopenia is not routinely considered in the assessment due to lack of standardization. The European Working Group on Sarcopenia in Older People (EWGSOP) proposed a muscle mass of two standard deviations below healthy adults as an operational definition of sarcopenia and various technologies including Dual x-ray absorptiometry (DXA), computed tomography (CT), magnetic resonance imaging (MRI), and bio-impedance analysis (BIA) have been recommended for evaluation of muscle mass (11–13). In previous studies of patients with biliary malignancies (11, 14), pancreatic cancer (15), esophageal cancer (16) and colorectal cancer (17–19) sarcopenia was defined by the psoas muscle index (PMI) obtained from secondary analysis of cross-sectional abdominal imaging.

We performed a retrospective analysis of the PMI and intramuscular adipose content (IMAC) in a cohort of patients with locally advanced or metastatic NSCLC. The primary aim of this study was to investigate if sarcopenia, determined by the PMI, is associated with overall survival (OS) in a cohort of patients with advanced non-small cell lung cancer (NSCLC) treated with concurrent immune checkpoint inhibitor (ICI) and chemotherapy (CTX). Our secondary aim was to study the association between PMI and Eastern Cooperative Oncology Group (ECOG) performance status as well as BMI.



Materials and methods


Patient eligibility and data collection

We conducted a retrospective study including 92 patients with histologically confirmed locally advanced NSCLC not amenable to definitive chemotherapy and radiation or metastatic NSCLC who were treated at the University of Virginia Medical Center between 2015 and 2021 with concurrent ICI and CTX. Patients without cross-sectional abdominal imaging (CT or PET/CT) within 120 days of treatment initiation and patients with lumbar artefacts such as prior lumbar fusion surgery not amenable to psoas muscle analysis were excluded from the study. The following data was collected at the time of initiation of concurrent ICI and CTX: Age, sex, race (White/Caucasian, Black/African American, other), height, weight, ECOG performance status, smoking status (former, current, never), lung cancer histology (adenocarcinoma, squamous cell cancer, or other), PDL-1 status (positive >= 1%, negative < 1%), lung cancer stage (locally advanced, metastatic), brain metastasis (no, yes), absolute lymphocyte count and serum albumin. The occurrence of immune-related adverse events (irAE) was assessed retrospectively from documentation in the electronic medical record, and they were graded according to the Common Terminology Criteria for Adverse Events (CTCAE Versions 4.03 and 5.0). The neutrophil-to-lymphocyte ratio (NLR) was calculated as absolute neutrophil count (103/μL)/absolute lymphocyte count (103/μL). The prognostic nutritional index (PNI) was calculated as 10 x serum albumin (g/dL) + 0.005 x absolute lymphocyte count (103/μL). The NLR and PNI were calculated based on laboratory studies prior to the initiation of ICI and CTX. Programmed death ligand 1 (PDL-1) positive tumors were defined by PD-L1 expression ≥ 1% or more of tumor cells based on a PD-L1 immunohistochemistry assay, Ventana SP263 on Leica Bond III performed as a lab-developed test and validated against Dako 22C3 for concordance. OS was defined as the number of months alive after treatment initiation.



Image analysis

The cross-sectional area of the psoas muscle and the muscle attenuation were assessed by secondary analysis of CT or PET/CT images, which had been taken for diagnostic purposes with a median of 27 days (IQR 8 to 36) prior to initiation of therapy. The inferior aspect of the third lumbar vertebra on cross-sectional abdominal imaging was chosen as a standard landmark to measure the psoas muscle area and muscle attenuation. The psoas muscle was identified and quantified by use of Hounsfield unit (HU) thresholds (-310 to +390). The psoas muscle measurements as indicated in Figure 1A have been performed by an investigator using Philips Vue PACS v12.2.6.2010001 who was trained individually by a physician certified in diagnostic radiology. These investigators were blinded to the clinical outcome. The PMI was calculated as cross-sectional area of both psoas muscles (cm2) divided by height2 (m2) as previously described (20). Patients were classified as sarcopenic and non-sarcopenic based on the sex specific 25th percentile of the PMI in our patient cohort. The intramuscular adipose content (IMAC) was determined by the ratio of the attenuation in HU of the psoas muscle and subcutaneous fat. The ratios were expressed as negative numerical values because the attenuation of subcutaneous fat is negative around -100 HU.




Figure 1 | Association of sarcopenia with overall survival. Representative (A) sagittal and transversal computed tomography (CT) images at the inferior aspect of the third lumbar vertebra. Red markings indicate the cross-sectional area of both psoas muscles and areas encircled in white indicate subcutaneous fat. (B) Psoas muscle index (PMI) stratified by gender (n = 92). P value calculated using the Mann-Whitney U test. (C) Patient ECOG score in relation to PMI (n = 92). P value calculated using the Kruskal-Wallis test. (D) Kaplan-Meier curve depicting survival analysis based on sarcopenia. (E) Intramuscular adipose content (IMAC) stratified by gender (n = 90). Two patients were excluded from analysis due to almost complete absence of subcutaneous fat tissue on abdominal imaging. Dotted line represents the threshold between normal and increased intramuscular adipose content based on sex-specific 25th percentile. P value calculated using the Mann-Whitney U test. (F) Kaplan-Meier curve depicting survival analysis based on IMAC. P values in (D, F) were calculated with the log-rank test. Each tick mark on the Kaplan-Meier curve represents a censored event. Each data point in (B, C, E) represents an individual patient. Red dots in (B, C) indicate sarcopenic patients with a PMI value below the sex-specific 25th percentile and cut offs were 6.03 cm2/m2 for males and 5.11 cm2/m2 for females. Red lines represent the median of the dataset.





Statistical analysis

Data is shown as median with interquartile range (IQR). Differences between groups of patients were studied by use of Fisher’s exact test, Pearson’s χ2 test, Mann-Whitney U test and Kruskal-Wallis test. All tests were two sided and significance was reported at the p < 0.05 level. Spearman correlation was used to measure the degree of association between two variables. OS was analyzed using the Kaplan-Meier method and differences between groups were compared with the log-rank test. Multivariate analysis was performed using Cox proportional hazards regression models. Variables known to affect survival in patients with advanced lung cancer were included into a multivariate Cox proportions hazards model, and 95% confidence intervals (CI) for the estimated hazard ratios (HR) were calculated. Statistical analysis was performed with GraphPad Prism version 9.0 (GraphPad Software Inc., San Diego, CA).




Results


Baseline characteristics of patients classified by PMI as sarcopenic and non-sarcopenic

A total of 92 patients (median age: 64 years, range 36-89 years), 48 (52.2%) men and 44 (47.8%) women, were included in the study. All patients had locally advanced (n = 9, 9.8%) or metastatic (n = 83, 90.2%) NSCLC. The cross-sectional area of the psoas muscle and the muscle attenuation were assessed on CT or PET/CT imaging obtained prior to treatment initiation (median 27 days, IQR 8 to 36 days). The PMI, defined by the bilateral psoas muscle area in relation to the height of the patient, differed significantly between males and females (Figure 1B, median, 7.41 cm2/m2 for men and 6.13 cm2/m2 for women, P = 0.0006). Thus, in our patient cohort sarcopenia was defined as a PMI below the 25th sex specific percentile and cut offs were 6.03 cm2/m2 for men and 5.11 cm2/m2 for women.

The baseline characteristics of the patient cohort stratified by sarcopenia status are shown in Table 1. Importantly, the sarcopenic and non-sarcopenic groups did not differ significantly in age, sex, race, smoking status, lung cancer histology, PDL-1 status, lung cancer stage or brain metastasis. Additionally, the percentage of irAE was similar in sarcopenic and non-sarcopenic patients. However, compared with patients who were not sarcopenic, a larger proportion of patients with sarcopenia had a higher ECOG performance score (P = 0.0395). For instance, 33.3% of sarcopenic patients compared to 14.7% of non-sarcopenic patient had an ECOG performance score of 2, representing increased physical disability in the sarcopenic group. Overall, the PMI was significantly lower in patients with a higher ECOG performance score (Figure 1C, P = 0.0189). Additionally, a lower BMI was observed in sarcopenic compared to non-sarcopenic patients (median, 23.3 kg/m2 in sarcopenic patients vs. 26.9 kg/m2 in non-sarcopenic patients, P = 0.0014). Taken together, this data highlights that sarcopenic patients with advanced NSCLC have a lower baseline performance status in comparison to non-sarcopenic patients.


Table 1 | Baseline characteristics stratified by sarcopenia status.





Difference in overall survival between sarcopenic and non-sarcopenic patients

The median follow-up after initiation of concurrent immune checkpoint inhibitor (ICI) and chemotherapy (CTX) was 29.6 months. The median OS was 17.8 months. Importantly, sarcopenia was associated with significantly lower OS (Figure 1D, median OS, 9.1 months in sarcopenic patients vs. 22.3 months in non-sarcopenic patients, P = 0.002). A subgroup analysis including only patients with metastatic disease (n = 83, 90.2%) revealed similar results (Supplementary Figure 1). In order to determine whether this difference in OS is specific to our psoas muscle area measurements or can be attributed to muscle composition and quality, we next assessed the intramuscular adipose content (IMAC). The IMAC, defined by the psoas muscle and fat attenuation ratio, differed significantly between males and females (Figure 1E, median, -0.33 for men and -0.29 for women, P = 0.0339). However, we did not observe a significant difference in IMAC comparing sarcopenic and non-sarcopenic patients (Table 1, median IMAC, -0.31 in sarcopenic and -0.30 in non-sarcopenic patients, P = 0.9835). Additionally, OS was similar between patient with a high and low/normal IMAC (Figure 1F, median OS, 17.3 months in patients with high IMAC vs. 18.2 months in patients with normal/low IMAC, P = 0.5407). To summarize, these findings suggest that sarcopenia, determined by the PMI, is predictive for OS in this patient cohort, whereas muscle composition and quality do not have the same predictive value.



Association of BMI and PMI

Since BMI is commonly used as a prognostic marker in clinical settings, we investigated the association of PMI and BMI. We found a weak linear association between increasing BMI and PMI (Figure 2A, Spearman r = 0.40, P < 0.0001). BMI was significantly different between males and females, but in contrast to PMI, BMI was higher in females than males (Figure 2B, median, 24.7 kg/m2 in males vs. 27.4 kg/m2 in females, P = 0.0240). Further analysis showed that the BMI differed significantly between sarcopenic and non-sarcopenic patients (Figure 2D, median, 23.3 kg/m2 vs 26.9 kg/m2, P = 0.0014). Of note, even with a significant lower BMI in the sarcopenic group, a majority of sarcopenic patients had a normal BMI (median 23.3 kg/m2, IQR 20.7-25.0 kg/m2). Consistent with the prior analysis of survival in sarcopenic and non-sarcopenic patients, the patient cohort was split into two groups: those with a BMI lower than the 25th percentile and those with a BMI higher or equal to the 25th percentile (21.8 kg/m2 for males and 23.6 kg/m2 for females). A difference in OS was not noted between these groups (Figure 2C, median OS, 19.5 months in patients with a BMI < 25th percentile and 17.8 months in patients with a BMI ≥ 25th percentile, P = 0.3672). These results suggest that BMI is not an adequate and reliable surrogate parameter for PMI as it does not predict OS in patients with advanced NSCLC treated with concurrent ICI and CTX.




Figure 2 | Association of psoas muscle index and body mass index. (A) Spearman correlation between BMI and PMI. Red line indicates the line of best fit. Dashed lines above and below the red line indicate the 95% confidence bands of the best fit line. (B) BMI stratified by gender (n = 92). P value calculated using the Mann-Whitney U test. (C) Kaplan-Meier curve depicting survival analysis based on BMI. P value calculated with the log-rank test. Each tick mark on the Kaplan-Meier curve represents a censored event. (D) BMI stratified by sarcopenia (n = 92). P value calculated using the Mann-Whitney U test. Each data point represents an individual patient. Red lines in (B, D) indicate the median of each dataset.





Multivariate analysis of overall survival

To further validate our results on sarcopenia determined by the PMI, we included age, gender, ECOG performance status, lung cancer histology, smoking status, BMI, neutrophil-to-lymphocyte ratio (NLR), prognostic nutritional index (PNI) and irAE in a multivariate Cox proportional hazards model. The results of the multivariate survival analysis in Table 2 show that sarcopenia (HR 2.12, CI 1.10-3.97, P = 0.0209), ECOG >= 2 (HR 2.88, CI 1.42-5.71, P = 0.0027), PNI (HR 3.02, CI 1.42-6.26, P = 0.0034) and the absence of irAE (HR 2.04, CI 1.14-3.75, P = 0.0185) were independently associated with inferior survival in this cohort of patients with advanced lung cancer. The differences in median OS stratified by sarcopenia, PNI and irAE were 13.2 months (Figure 1D, P = 0.002), 12.8 months (Supplementary Figure 2A, P = 0.0036) and 15.6 months (Supplementary Figure 2B, P = 0.0072), respectively. In summary, this underlines that sarcopenia is an important and independent predictor of OS in patients with advanced NSCLC undergoing concurrent ICI and CTX.


Table 2 | Cox proportional hazards regression model assessing the effect of patient-specific variables on overall survival.






Discussion

In this study, we evaluated the prognostic value of sarcopenia and its relation to PMI, ECOG and BMI in patients with advanced NSCLC undergoing concurrent ICI and CTX. We demonstrated that sarcopenia, defined by a PMI below the sex specific 25th percentile, was associated with inferior OS. OS was 13.2 months shorter for patients with sarcopenia (P = 0.002). This association remained significant after adjusting for clinically relevant confounders such as age, gender, ECOG performance status, histology, smoking, BMI, NLR, PNI and irAE. We reported a hazard ratio of 2.12 (CI 1.1-3.97) for sarcopenia that is consistent with similar studies on sarcopenia and survival of patients with NSCLC by Tsukagoshi et al. (n = 30, HR 2.57, CI 1.02-6.46) (21) and Takada et al. (n = 103, HR 2.04, CI 1.14-3.63) (22). Shiroyama et al. investigated the impact of sarcopenia on progression-free survival in 42 patients with advanced NSCLC treated with PD-1 inhibitors and found that progression free survival was 2.1 months in patients with sarcopenia and 6.8 months in those without sarcopenia (14). Another study by Takahashi et al. included 315 patients with early-stage NSCLC and showed that sarcopenia is also associated with unfavorable postoperative complications and poor long-term survival (15). A larger study by Prado and colleagues analyzed the total skeletal muscle area on lumbar CT images of 2115 obese patients with solid cancers of the respiratory or gastrointestinal tract and found that sarcopenia was associated with increased mortality (HR 4.2, P < 0.0001) (16). Of note, the definition of sarcopenia and endpoints varied among these studies and, in contrast to our study, the patients included in these studies did not receive concurrent CTX and ICI (Supplementary Table 1). In our study we focused on overall survival as an endpoint which is patient-centered, objective and generally considered as the gold standard in clinical trials. The landmark trials on combined chemotherapy and immunotherapy all focused on overall survival as a primary endpoint and their data demonstrated a significant improvement in overall survival (17–19, 23). In our multivariate analysis we included primarily patient-specific factors such as age, gender, body mass index and performance status rather than disease-specific factors as these did not differ significantly between sarcopenic and non-sarcopenic patients.

Our study demonstrates that the PMI can reliably be assessed in lung cancer patients by analyzing cross sectional imaging from CT or PET/CT images obtained for diagnostic purposes prior to treatment initiation. Additionally, our findings highlight the importance of muscle mass rather than BMI for risk stratification. Specifically, we showed that a majority of sarcopenic patients had a normal BMI (Figure 2B, median 23.3 kg/m2, IQR 20.7-25.0 kg/m2) and we did not observe a significant difference in OS when solely stratifying by BMI. An apparently normal BMI may mask sarcopenia in patients with advanced lung cancer. These findings are consistent with a previous study that showed that muscle wasting is a prominent feature in a prospective cohort of 441 lung cancer patients despite a normal or increased BMI (24). Our findings suggest that BMI assessment is insufficient to identify sarcopenic patients with a high risk of poor OS. Therefore, we suggest that the assessment of skeletal muscle mass fundamental to the diagnosis of sarcopenia should be routinely included in NSCLC trials.

In our multivariate analysis, sarcopenia and ECOG performance status were both independently associated with reduced overall survival. This suggests that the objective assessment of sarcopenia by secondary analysis of cross-sectional imaging is important and complements the subjective assessment of patients by ECOG performance status. A substantial proportion (33%) of sarcopenic patients in our study had an ECOG performance status ≥ 2. This group of patients, frequently excluded from clinical trials examining concurrent CTX and ICI in NSCLC, may constitute the most vulnerable cohort of patients in terms of treatment-related toxicities (17, 25, 26). Other prognostic factors in patients with NSCLC are the neutrophil to lymphocyte ratio (NLR) and prognostic nutritional index (PNI). Kos et al. studied both in 138 patients with NSCLC and reported that a NLR ≥ 3.24 and PNI < 49.5 were markers of poor OS (27). Although we did not observe a significant difference in NLR and PNI between sarcopenic and non-sarcopenic patients (Table 1), our multivariate survival analysis suggested that the PNI is an independent marker of poor OS in patients with advanced NSCLC (median OS 6.7 months in patients with a PNI < 25th percentile and 19.5 months in patients with a PNI ≥ 25th percentile, P = 0.0036, Supplementary Figure 2A).

Taken together, our study adds to the emerging evidence that frailty, sarcopenia and malnutrition play an important role in lung cancer survival among newly diagnosed NSCLC patients receiving concurrent ICI and CTX (26, 28). Mechanisms by which sarcopenia confers increased risk of mortality and strategies to improve muscle mass and function in patients with advanced NSCLC such as protein supplementation, resistance exercises or therapeutics such as anamorelin warrants further research (29, 30).


Strengths and limitations

In the present study, we used the PMI to assess skeletal muscle mass in patients with advanced NSCLC. The European Working Group on Sarcopenia in Older People (EWGSOP) published a consensus paper on definition and diagnosis of sarcopenia (11). They proposed a muscle mass of two standard deviations below healthy adults as an operational definition of sarcopenia (11). Validated cut-off values for PMI at the L3 lumbar vertebra have not been published for the US population to the best of our knowledge (7, 31), and we were unable to recruit a large reference cohort of healthy adults with cross-sectional abdominal imaging. Therefore, we used the 25th percentile of the PMI as an unbiased approach to define sex-specific cut-offs to classify patients as those with sarcopenia. Compared to PMI cut-off values reported for Asian adults, the obtained values were similar for men (6.03 vs. 6.36 cm2/m2) but higher for women (5.11 vs. 3.92 cm2/m2) (14). We obtained our psoas muscle measurements by secondary analysis of CT and PET/CT images as these images were already available for diagnostic purposes. The limitations of our study are the retrospective, single center design, variability in the timing of imaging acquisition prior to treatment initiation and clinical challenges defining irAE by attributing toxicities to distinct therapies in patients receiving concurrent ICI and CTX. The strengths of our study are that our study was based on a well-defined cohort of NSCLC patients with a comprehensive dataset eligible for multivariate analysis with adjustments for key clinical confounders, long follow-up, blinding of the investigators performing the image analysis for clinical outcome and survival analysis showing a statistically significant and clinically relevant difference in OS between sarcopenic and non-sarcopenic patients.




Conclusions

Sarcopenia is a predictor of reduced OS for patients with advanced NSCLC undergoing concurrent ICI and CTX irrespective of age, sex, BMI and functional status. The assessment of muscle mass is fundamental to the diagnosis of sarcopenia. The 25th percentile of the PMI in our cohort allowed for an unbiased assessment of sarcopenia and should be applied and validated in larger NSCLC patient cohorts. Additional studies are needed to explore strategies to improve muscle mass and function in patients with advanced NSCLC.
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Supplementary Figure 1 | Association of sarcopenia with overall survival in patients with metastatic NSCLC. Kaplan-Meier curve depicting survival analysis based on sarcopenia in patients with metastatic NSCLC (n = 83). P value was calculated with the log-rank test. Each tick mark on the Kaplan-Meier curve represents a censored event.

Supplementary Figure 2 | Association of prognostic nutritional index (PNI) and immune related adverse events (irAE) with overall survival. Kaplan-Meier curves depicting survival analysis based on PNI (A) and irAE (B). P values were calculated with the log-rank test. Each tick mark on the Kaplan-Meier curve represents a censored event.

Supplementary Table 1 | Selected studies evaluating the impact of sarcopenia determined by the psoas muscle index on prognosis of non-small cell lung cancer patients.
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Cox proportional hazards regression (Wald test, P <0.0001)

HR 95% CI P value
Age <75 0.72 0.36-1.55 0.3791
Male gender 0.98 0.55-1.75 0.9454
ECOG >=2 2.88 1.42-5.71 0.0027
Squamous histology 0.73 0.32-149 0.4195
Never smoker 0.49 0.16-1.21 0.1539
BMI < 18.5 kg/m’ 0.81 0.25-2.24 0.7100
NLR < 3.24 1.28 0.62-2.52 0.4906
Sarcopenia 2.12 1.10-3.97 0.0209
PNI < 41 3.02 1.42-6.26 0.0034
irAE = 0 2.04 1.14-3.75 0.0185

Cox proportional hazards regression model: (Days, Survival) ~ Age < 75 + Male gender + ECOG >= 2 + Squamous histology + Never smoker + BMI < 18.5 + NLR < 3.24 + Sarcopenia +
PNI < 41 + Number of irAE = 0. HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Group performance status; BMI, body mass index; NLR, neutrophil-to-
lymphocyte ratio; PNI, prognostic nutrition index; irAE, immune-related adverse event. Variables significantly associated with overall survival are highlighted in bold.
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Total (n = 92) Sarcopenic (n = 24) Non-Sarcopenic (n = 68) P value

Age, median (range), year

Sex, n (%) 64 (36-89) 66.5 (40-83) 64 (36-89) 0.7353
Male 48 (52.2%) 12 (50%) 36 (52.9%) 0.8170
Female 44 (47.8%) 12 (50%) 32 (47.1%)

Race, n (%)

White/Caucasian 77 (83.7%) 20 (83.3%) 57 (83.8%) 0.8194
Black/African American 14 (15.2%) 4 (16.7%) 10 (14.7%)
Other 1 (1.1%) 0 (0%) 1 (1.5%)

ECOG, n (%)

0 22 (23.9%) 2 (8.3%) 20 (29.4%) 0.0395
1 52 (56.5%) 14 (58.3%) 38 (55.9%)
2 18 (19.6%) 8 (33.3%) 10 (14.7%)

Smoking status, n (%)

Never smoked 13 (14.1%) 2 (8.3%) 11 (16.2%) 0.5019
Current or former smoker 79 (85.9%) 22 (91.7%) 57 (83.8%)

Histology, n (%)

Adenocarcinoma 68 (73.9%) 18 (75.0%) 50 (73.5%) 0.7378
Squamous cell carcinoma 17 (18.5%) 5 (20.8%) 12 (17.7%)
Other* 7 (7.6%) 1 (4.2%) 6 (8.8%)

PDL-1 expression, n (%)
<1% 44 (47.8%) 13 (54.2%) 31 (45.6%) 0.6983
1-49% 20 (21.7%) 6 (25.0%) 14 (20.6%)
>=50% 16 (17.4%) 3 (12.5%) 13 (19.1%)

Unknown 12 (13.1%) 2 (8.3%) 10 (14.7%)

Stage, n (%)

Locally advanced 9 (9.8%) 0 (0%) 9 (13.2%) 0.1053
Metastatic 83 (90.2%) 24 (100%) 59 (86.8%)

Brain metastasis, n (%)

No 58 (63.0%) 13 (54.2%) 45 (66.2%) 0.3313
Yes 34 (37.0%) 11 (45.8%) 23 (33.8%)

Treatment received, n (%)

Carboplatin/Pemetrexed/Pembrolizumab 59 (64.1%) 16 (66.7%) 43 (63.2%) 0.4496
Carboplatin/Paclitaxel/Pembrolizumab 30 (32.6%) 7 (29.2%) 23 (33.8%)
Carboplatin/Docetaxel/Pembrolizumab 1 (1.1%) 0 (0%) 1 (1.5%)
Atezolizumab/Bevacizumab/Carboplatin/Paclitaxel 1 (1.1%) 1 (4.2%) 0 (0%)
Atezolizumab/Bevacizumab/Carboplatin/Pemetrexed 1 (1.1%) 0 (0%) 1 (1.5%)

irAE, n (%)

0 49 (53.3%) 12 (50%) 37 (54.4%) 0.8131
>1 43 (46.7%) 12 (50%) 31 (45.6%)

BMI, median (IQR), l(g/m2 25.5 (22.5-29.6) 23.3 (20.7-25.0) 26.9 (23.1-31.7) 0.0014
Male 24.7 (21.8-27.6) 22.1 (20.5-23.8) 26.6 (23.1-29.2) 0.0010
Female 27.4 (23.6-33.2) 24.9 (22.6-28.3) 30.4 (23.8-34.4) 0.0904

Serum albumin, median (IQR), g/dl 4.0 (3.7-4.3) 39 (3.6-4.2) 4.0 (3.7-4.3) 0.2009
Male 4.0 (3.6-4.3) 40 (3.6-4.2) 4.0 (3.6-4.3) 0.8367
Female 4.0 (3.7-4.3) 3.8 (3.6-4.0) 4.0 (3.8-4.3) 0.0765

NLR, median (IQR) 6.2 (3.2-9.6) 6.2 (4.0-9.1) 6.3 (3.1-10.1) 0.9244
Male 6.7 (4.1-9.6) 6.7 (49-9.1) 6.7 (3.4-9.6) 0.8052
Female 52(29-11.7) 4.5 (2.8-10.0) 6.0 (3.0-13.0) 0.6342

Prognostic nutritional index, median (IQR) 46.3 (41-49.8) 459 (41.0-47.5) 46.7 (41.2-51.2) 0.1979
Male 46.1 (40.5-48.8) 46.1 (40.6-47.6) 45.8 (40.5-52.3) 0.5367
Female 46.5 (42.2-50.7) 45.7 (41.0-47.3) 47.3 (43.6-51.1) 02119

Psoas muscle index, median (IQR), cm*/m* 6.69 (5.66-7.78) 5.03 (4.61-5.44) 7.33 (6.46-8.23) <0.0001
Male 741 (6.04-8.33) 5.44 (5.02-5.81) 7.78 (7.17-8.78) <0.0001
Female 6.13 (5.11-6.90) 4.81 (4.33-5.06) 6.67 (5.99-7.51) <0.0001

Intramuscular adipose content, median (IQR) -0.31 (-0.40 to -0.24) -0.31 (-0.42 to -0.23) -0.30 (-0.39 to -0.24) 0.9835
Male -0.33 (-0.44 to -0.25) -0.36 (-0.44 to -0.24) -0.33 (-0.44 to -0.26) 0.7222
Female -0.29 (-0.35 to -0.23) -0.29 (-0.41 to -0.21) -0.29 (-0.35 to -0.23) 0.6853

Sarcopenic and non-sarcopenic patients were compared. P values were calculated with the Mann-Whitney U test for categorical data sets, Fisher’s exact test and Pearson’s 2 test for
numerical data sets. PDL-1, Programmed death-ligand 1; ECOG PS, Eastern Cooperative Group performance status; BMI, body mass index; NLR, neutrophil-to-lymphocyte ratio; irAE,
immune-related adverse event.

*Other histologies include poorly differentiated carcinoma not otherwise specified (n = 3), poorly differentiated carcinoma with sarcomatoid carcinoma (n = 2) and SMARCA4-deficient
malignant neoplasm (n = 2).





