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Background: It remains not well known whether skeletal muscle mass (SMM) loss has
any impact on the effectiveness of immune checkpoint inhibitors (ICIs) in patients with
advanced lung cancer. We aimed to evaluate the association between SMM and clinical
outcome of patients with advanced lung cancer receiving ICIs as first line or second line.

Materials and Methods: From March 1st, 2019 to March 31st, 2021 at our hospital,
34 patients with advanced lung cancer treated with first-line or second-line ICIs were
enrolled retrospectively. The estimation of skeletal muscle index (SMI) for sarcopenia
was assessed at the level of the third lumbar vertebra (L3) on computed tomography
(CT) images obtained within 4 weeks before initiation of ICIs treatment. The impact of
sarcopenia (low SMI) on progression free survival (PFS) was analyzed using Kaplan-
Meier method and log-rank tests. The effect of various variables on PFS was evaluated
using Cox proportional hazards regression model with univariate and multivariate
analysis. The impact on treatment response including objective response rate (ORR)
and disease control rate (DCR) and immunotherapy related adverse events (irAEs)
between patients with and without sarcopenia was compared by the chi-squared test.
The comparison of SMI value between patients with objective response (OR), disease
control (DC) and those without OR and DC was used student t-test or Mann-Whitney
U test.

Results: Both in univariate and multivariate analysis, sarcopenia and treatment lines
were the predictive factors for PFS (p < 0.05). Patients with sarcopenia had significantly
shorter PFS than that of non-sarcopenic ones [6.57 vs. 16.2 months, hazard ratios
(HR) = 2.947 and 3.542, and 95% confidence interval (CI): 1.123–13.183 and 1.11–
11.308, p = 0.022 and 0.033]. No significant difference in ORR and irAEs was found.
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Patients with sarcopenia had lower DCR than those without sarcopenia. The mean SMI
value of DCR group and non-DCR group was 32.94 ± 5.49 and 44.77 ± 9.06 cm2/m2,
respectively (p = 0.008).

Conclusion: Sarcopenia before immunotherapy might be a significant predictor for poor
prognosis including shorter PFS and lower DCR in patients with advanced lung cancer
treated with ICIs as first line or second line.

Keywords: skeletal muscle index (SMI), sarcopenia, advanced lung cancer, immune-checkpoint inhibitor,
progression free survival (PFS)

INTRODUCTION

Lung cancer is the second common malignant tumor and the
leading cause of cancer-related deaths worldwide (1). Nearly
70% of patients are at stage IV when initially diagnosed with
lung cancer (2), with 5-year survival rate as low as 16% (3).
With the introduction of immune checkpoint inhibitors (ICIs),
such as PD-1 (programmed cell death protein-1) and PD-L1
(programmed death ligand 1) inhibitors, 2 to 3-year survival rates
were increased by 15–20% (4, 5). However, not every eligible
candidate could benefit from ICIs. Although PD-L1 expression
and tumor mutational burden (TMB) have been reported as
potential predictors allowing for therapeutic effect prediction
for ICIs, even among lung cancer patients with positive PD-L1
(TPS ≥ 1%) or high expression (TPS ≥ 50%), only 10–20% of
patients could benefit from ICIs (6, 7). Therefore, it is essential at
present to find more reliable biomarkers that can identify patients
who are most likely to benefit from ICIs.

Sarcopenia, characterized by loss of skeletal muscle mass and
function (8), has been proposed to be associated with tumor-
induced increased protein degradation and decreased protein
synthesis caused by impaired Akt–mTORC1 pathway in the
presence of disturbed metabolic homeostasis, malnutrition, or
reduced activity (9, 10). Sarcopenia has been reported to be
associated with treatment efficacy, quality of life and clinical
outcomes of lung cancer patients receiving chemotherapy or
surgery (11–13). However, is sarcopenia associated with the
efficacy of ICIs? To investigate potential association, our team has
recently performed a systematic review which showed that the
PFS of patients with sarcopenia treated with ICIs was 1.46 times
shorter than those without sarcopenia in various types of cancer
(14), suggesting that sarcopenia may be a potential predictor for
the efficacy of immunotherapy. Besides, skeletal muscle is now
recognized as an immune regulatory organ that can regulates
immunological processes and the inflammatory response, and the
efficacy of ICIs is heavily dependent on the host’s immune system
(15). Therefore, sarcopenia is also very likely to be associated with
the efficacy of ICIs.

Previously, several studies have attempted to investigate
the potential impact of sarcopenia on the efficacy of ICIs,
but with inconsistent results (16–30). These results cannot be
directly compared, for their different inclusion criteria, different
definition of sarcopenia [total cross-skeletal muscle (16–18, 21–
25, 27, 29) vs. psoas muscle area (19, 20, 26, 28)], or different
methods for measuring muscle mass [CT (16–29) vs. DXA

(30)]. In addition, the majority of studies enrolled patients
receiving second or more treatment lines ICIs, while only
three studies enrolled a small proportion [13.4% (23), 16.5%
(17), and 38.3% (30), respectively] of patients receiving ICIs
as first-line treatment. Therefore, we designed a retrospective
study to investigate the potential impact of sarcopenia on the
efficacy of ICIs, in which sarcopenia was defined by averaging
muscle area on multiple consecutive CT images at L3 level
and a large proportion of patients receiving ICIs as first-line
treatment were included.

MATERIALS AND METHODS

Patients
In total, 34 consecutive patients with advanced lung
cancer treated with ICIs were enrolled in National Cancer
Center/National Clinical Research Center for Cancer/Cancer
Hospital and Shenzhen Hospital from March 1, 2019 to March
31, 2021. The inclusion criteria for eligible patients were as
follows: (1) Patients were diagnosed with stage IV lung cancer
including small cell lung cancer, adenocarcinoma, squamous cell
carcinoma, large cell neuroendocrine carcinoma, and other types.
(2) Patients were treated with ICIs in our hospital for the first
time, including PD-1 or PD-L1 inhibitors or CTLA-4 inhibitors
as first-line or second-line. (3) Patients received upper abdomen
CT scan within 4 weeks before ICIs therapy in our hospital. And
those patients with degraded CT images insufficient to perform
measurements of muscle area were also excluded.

Data Collection and Follow-Up
In total, 137 consecutive patients with lung cancer who treated
with ICIs from the electronic database of our hospital were
identified. After selection based on inclusion and exclusion
criteria, 34 eligible patients receiving first-line or second-line
immunotherapy were finally included (Figure 1).

The data of all eligible patients were obtained, including age,
sex, smoking histology, histopathology, TNM stage, ECOG PS,
height and weight at the time of ICI initiation, gene expression
status for EGFR and ALK, PD-L1 expression, treatment options,
and CT results, treatment response, date of progression defined
by CT, and date of the last follow-up. The follow-up date was
ended on September 30, 2021.

The primary endpoint was progression free survival (PFS)
defined as the time from initiation of immunotherapy to
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FIGURE 1 | Patient selection flow-chart. ICIs, immune checkpoint inhibitors;
CT, computed tomography.

disease progression or death. Secondary endpoints were
objective response rate (ORR), disease control rate (DCR)
and immunotherapy-related adverse events (irAEs). ORR was
defined as the sum of proportion of complete response (CR)
and partial response (PR), while DCR was defined as the sum
of proportion of CR, PR, and stable disease (SD) according to
iRECIST criteria (31). Any reported adverse events that might be
associated with immune therapy were obtained from the medical
records, mainly including immune pneumonitis, hepatotoxicity,
endocrine toxicity, cardiotoxicity, etc.

Body Composition Analysis
All the enrolled patients underwent CT scan on a GE scanner
(Revolution GE, United States) with following parameters:
voltage of 140 kvp, tube current of 740 mA and slice thickness
of 1.25 mm. The cross-sectional areas of muscle were quantified
on CT images acquired within 4 weeks before immunotherapy.
All consecutive axial CT slices covering the upper and lower
level of the third lumbar vertebra (around 20 slices for each
patient) at venous contrast-enhancement phase were chosen.
On the platform of sliceOmatic (TomoVision 5.0, Magog, QC,
Canada), muscle area (including the psoas, rectus abdominis,
transversus abdominis, internal and external abdominal oblique
muscles) were firstly manually outlined using morphology mode
by YR and PH both with 4 years of experience in abdominal
CT imaging and then reviewed by a senior radiologist (ZL with
more than 10 years of experience in abdominal CT imaging),
who were blinded for patient characteristics (Figure 2). The total
volume of skeletal muscle at the level of the third lumbar vertebra
was automatically calculated. The average skeletal muscle area
of all slices at the level of the third lumbar vertebra was
calculated by the following formula: Muscle area = Volume
(cm3)/(Thickness × Numbers of slice). Skeletal muscle mass
(SMM) was defined as the total cross-sectional skeletal muscle

FIGURE 2 | Skeletal muscle mass analysis of computed tomography images
on an L3 section by SliceOmatic.

area (TMA in cm2). SMI was calculated by dividing the total
cross-sectional skeletal muscle area (TMA-cm2) at the level
of lumbar vertebra L3 by height squared (m2), which could
proportionally reflect whole-body muscles of patients (32, 33).
And measurements of muscle on sectional CT is considered as the
gold standard method at present (34, 35). Sarcopenia was defined
as low SMI as following: (1) for women, SMI < 41 cm2/m2

regardless of their BMI; (2) for men, SMI < 43 cm2/m2

with a BMI < 25 kg/m2, or SMI < 53 cm2/m2 with a
BMI ≥ 25 kg/m2 (36).

Statistical Analysis
Statistical analysis was performed using SPSS software version
20.0 (IBM, Armonk, NY, United States). The PFS comparison
between patients with and without sarcopenia was evaluated
using Kaplan-Meier method and log-rank test. The impact
of sarcopenia and other factors on PFS were evaluated using
univariate and multivariate analysis by Cox proportional hazards
regression model. Chi-squared test was used to compare the
treatment response and occurrence of irAEs between the
sarcopenia and non-sarcopenia groups, while student t-test or
Mann-Whitney U test was used to test any difference in SMI
value between patients with objective response, disease control
and those without OR and DC. And two-sided p < 0.05 was
considered to be statistically significant.

RESULTS

Patients’ Characteristics
In total, 34 patients were included in the analysis. Baseline
characteristics of these patients are shown in Table 1.

The Effect of Sarcopenia on Clinical
Outcomes
Progression Free Survival
The median follow-up after immunotherapy was 11.67 months
(range: 3.50–35.67 months, 95% CI: 8.032–15.308). The median
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TABLE 1 | Baseline characteristics of the study population.

Characteristics N = 34

Gender

Male, N (%) 29 (85.3%)

Female, N (%) 5 (14.7%)

Median age (year), Median ± SD 63 ± 9.65

Smoking history

Yes, N (%) 20 (58.8%)

No, N (%) 14 (41.2%)

BMI (Kg/cm2)

<18.5, N (%) 5 (14.7%)

18.5–24.9, N (%) 22 (64.7%)

≥25, N (%) 7 (20.6%)

Histopathology

Adenocarcinoma, N (%) 23 (67.6%)

Squamous cell carcinoma, N (%) 7 (20.6%)

Small cell lung cancer, N (%) 3 (8.8%)

Large cell carcinoma, N (%) 1 (3.0%)

Driver gene expression

EGFR mutation, N (%) 0 (0%)

ALK mutation, N (%) 0 (0%)

KRAS mutation, N (%) 7 (20.1%)

PD-L1 expression

<1%, N (%) 5 (14.7%)

1–49%, N (%) 2 (5.9%)

≥50%, N (%) 9 (26.5%)

No record available, N (%) 18 (52.9%)

Treatment line

First-line immunotherapy, N (%) 26 (76.5%)

Second-line immunotherapy, N (%) 8 (23.5%)

SMI (cm2/m2), mean ± SD

Sarcopenic status 44.52 ± 9.56

Sarcopenia, N (%) 18 (52.9%)

Non-sarcopenia, N (%) 16 (47.1%)

SD, standard deviation; BMI, body mass index; EGFR, epidermal growth
factor receptor; ALK, anaplastic lymphoma kinase; KRAS, Kirsten Rat
Sarcoma Viral Oncogene Homolog; PD-L1, programmed death-ligand 1; SMI,
skeletal muscle index.

Progression Free Survival (PFS) was 9.3 months (range 2–
35 months, 95% CI: 4.817–13.783) for all enrolled 34 patients.
The Kaplan-Meier analysis revealed that patients with sarcopenia
had a significantly shorter PFS than those without sarcopenia
(6.57 vs. 16.2 months, p = 0.022; Figure 3A). Among gender,
age, smoking history, BMI and PD-L1 expression, sarcopenia
and received treatment line, gender, sarcopenia and treatment
line were significant prognostic factors for PFS in the univariate
analysis (all p < 0.05; Table 2). Patients with sarcopenia had
a significantly shorter PFS than those without sarcopenia (HR:
2.947, 95% CI: 1.123–7.733, p = 0.028).

In multivariate analysis, among gender, PD-L1 expression,
sarcopenia and treatment line, treatment line and sarcopenia
were independent prognostic factors for PFS (p < 0.05; Table 2).
The PFS was also significantly shorter in patients with sarcopenia
than those without sarcopenia (HR: 4.268, 95% CI: 1.248–14.598,
p = 0.021; Figure 3B).

Objective Response Rate and Disease Control Rate
Of 34 patients, 19 patients had objective response with Objective
Response Rate (ORR) of 58.8%. There was no significant
difference in ORR between sarcopenia and non-sarcopenia
groups (44.4 vs. 68.8%, p = 0.154). In contrast, Disease Control
Rate (DCR) of all patients was 85.3% (29/34). Patients with
sarcopenia had a significant lower DCR than those without
sarcopenia (72.2 vs. 100%, p = 0.022). Specifically, five patients
with sarcopenia experienced progressive disease (PD), while none
of the patients without sarcopenia experienced PD (Table 3). The
mean SMI of the DCR group was significantly higher than that of
the non-DCR group, with 44.77 ± 9.06 and 32.94 ± 5.49 cm2/m2,
respectively (p = 0.008; Figure 4A). No significant difference
was found in SMI between ORR group and non-ORR group
(42.37 ± 9.49 vs. 43.56 ± 9.84 cm2/m2, p = 0.725; Figure 4B).

Immune-Related Adverse Events
In our study, 11 patients (11/34, 32.4%) experienced Immune-
Related Adverse Events (irAEs). Seven cases with irAEs were in
sarcopenia group and four cases in non-sarcopenia group, with
no statistically significant difference (p = 0.388; Table 3). The
most frequent irAEs were increased aminotransferase (n = 3) and
pneumonitis (n = 2). Overall, three patients experienced ¾grade
irAEs, including arthralgia and myositis (n = 1), pneumonitis
(n = 1) and abnormal aminotransferase (n = 1).

DISCUSSION

This study investigated the prognostic value of sarcopenia
in patients with advanced lung cancer treated with first-line
or second-line ICIs. We found that patients with sarcopenia
receiving ICIs showed significantly shorter PFS than those
non-sarcopenic ones. Although ORR and irAEs were not
significantly different between patients with and without
sarcopenia, sarcopenic patients did show significantly lower DCR
than non-sarcopenic patients. And the mean value of SMI was
significantly higher in DCR group than that non-DCR group.

In our study, we found that patients with sarcopenia at the
initial stage before immunotherapy had significantly shorter PFS
than those without sarcopenia. Sarcopenia was shown as a poor
prognosis factor of PFS both at univariate and multivariate
analysis. Our results were in line with the previous reported result
(17, 19, 20, 22, 26, 27, 29, 30), but not with other studies (18, 23,
24, 28). The majority of studies enrolled patients receiving second
or more treatment lines ICIs, while only three studies enrolled a
small proportion of patients receiving ICIs as first-line treatment
(17, 23, 30). By contrast, in our study, 26 (76.5%) patients
received ICIs as first-line treatment. The results we obtained were
consistent with two studies focused on patients receiving ICIs
as first-line treatment (17, 30), but inconsistent with another
one (23). We speculate this may be due to different inclusion
criteria, different definition of sarcopenia, or different methods
for measuring muscle mass. Sarcopenia can be diagnosed by
dual-energy X-ray absorptiometry scan, bioelectrical impedance
analysis, CT, and magnetic resonance imaging (MRI) (35). In our
study, we chose to measure muscle area at the level of L3 using
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FIGURE 3 | Progression free survival (PFS) survival curves: estimated by Kaplan-Meier method and log-rank test (A) and estimated by multivariate analysis of Cox
proportional hazards regression model (B) for the sarcopenia and non-sarcopenia groups. The PFS was significantly worse in the sarcopenia group than the
non-sarcopenia group (6.57 vs. 16.2 months, p = 0.022, 0.021, respectively). *Indicates significant difference.

TABLE 2 | Univariate and multivariate cox-regression analysis of the risk of sarcopenia and clinicopathological factors on progression free survival (PFS) in patients
receiving immune checkpoint inhibitors (ICIs).

Variables Univariate analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p

Gender Male 1

Female 4.569 (1.599–13.057) 0.005* 2.120 (0.598–7.514) 0.245

Age – 1.014 (0.970–1.030) 0.546

Smoking history No 1

Yes 0.488 (0.201–1.185) 0.113

BMI (kg/cm2) <18.5 1

18.5–24.9 0.474 (0.146–1.540) 0.214

≥25 0.589 (0.147–2.366) 0.456

PD-L1 expression ≥50% 1 1

<50% 3.073 (0.880–10.730) 0.078 1.947 (0.515–7.365) 0.327

Unknown 1.24 (0.249–6.268) 0.787 0.608 (0.112–3.295) 0.564

Treatment line First line 1 1

Second line 4.656 (1.698–12.764) 0.003* 9.899 (2.699–36.709) 0.001*

Sarcopenia Non-low SMI 1 1

Low SMI 2.947 (1.123–7.733) 0.028* 4.268 (1.248–14.598) 0.021*

BMI, body mass index; PD-L1, programmed death-ligand 1. *Indicates significant difference.

TABLE 3 | Treatment response including ORR, DCR, and irAEs comparing sarcopenic vs. non-sarcopenic groups.

Variables CR (n) PR (n) SD (n) PD (n) ORR (%) DCR (%) irAEs (any grade)

Sarcopenia 0 8 5 5 44.4 72.2 7

Non-sarcopenia 0 11 5 0 68.8 100 4

χ2 value 2.03 5.211 0.747

P value 0.154 0.022* 0.388

Chi-Square Test. CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR, disease control rate;
irAEs, immunotherapy-related adverse events. *Indicates significant difference.
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CT, like the majority of studies. However, unlike previous studies
using a single or two random slices at the level of L3 (16, 21,
25, 29), we measured 20 consecutive slices at the level of L3 and
average the muscle area to decrease the randomness and potential
selection bias. Besides, instead of using radiodensity threshold-
based segmentation, we used “Morphology mode” of sliceOmatic
that segment image not only based on image intensity, but also
local morphology of muscle by computing the Watershed of
the gradient of the image, which can avoid the bias caused by
radiodensity of skeletal muscle.

Also in our study, patients receiving ICIs as first line
had significantly longer PFS than those as second line in
both univariate and multivariate analysis, suggesting that
immunotherapy might be better prescribed as first-line
treatment. The similar results have been reported in previous
large cohort clinical studies (5, 37). Due to limited cases, we
did not perform subgroup analysis on the potential impact
of sarcopenia on the first-line treatment group and second-
line treatment group, respectively, which warrants further
investigation. Partially due to limited number of patients with
available PD-L1 testing, our study showed that PD-L1 expression
had no positive impact on PFS in the univariate analysis and
multivariate analysis, which was inconsistent with previous
study (38).

In addition, we found that patients with sarcopenia had
significantly lower DCR than those without sarcopenia, and
the mean SMI in the DCR group was significantly higher than
that in the non-DCR group. The result was in accordance
with the previous studies (17, 26, 30), but inconsistent with
other study (19, 23, 28). However, for ORR, we found that
sarcopenic patients had a trend toward lower ORR, but without
significance, which was consistent with some reports (16, 17, 24,
27, 28), but inconsistent with other studies (26). Previous article
showed that sarcopenia are associated with the development
of hyperprogressive disease after second-line pembrolizumab
in patients with non-small-cell lung cancer (39). In terms
of potential impact of sarcopenia on DCR and ORR, these
inconsistent results in different studies might come from different
study design, different inclusion and exclusion criteria, different
sample size and different way of measuring muscle area or
definition of sarcopenia, etc., which needs further investigation
in a prospective study with larger sample size.

In our statistical analysis, sarcopenia was not a significant
factor for predicting irAEs, which was similar to our previous
report (40) and other studies (16, 18, 27). However, previous
study found that patients with sarcopenia experienced
significantly increased risk of irAEs (22, 41). It is generally
believed that sarcopenia has been associated with a greater
incidence of chemotherapy toxicity, but the impact of sarcopenia
on irAEs remains controversial. These controversial results from
previous reports cannot be directly compared, due to varied
number of patients enrolled, inconsistent tools for measuring
muscle mass, different definition of sarcopenia, and different
treatment regimens including ICIs. A standardized workflow
of studying the impact of sarcopenia should be made before
sarcopenia as a reliable prognostic biomarker could be translated
into clinical practice.

FIGURE 4 | The mean skeletal muscle index (SMI) of the disease control rate
(DCR) group was significantly higher than that of the non-DCR group
(44.77 ± 9.06 vs. 32.94 ± 5.49 cm2/m2, p = 0.008) (A). No significant
difference in SMI values was found between ORR group and non-ORR group
(42.37 ± 9.49 vs. 43.56 ± 9.84 cm2/m2, p = 0.725) (B). *Indicates significant
difference.

With respect to the underlying mechanism of sarcopenia
affecting treatment efficacy of ICIs is still not fully known,
multiple studies have proposed chronic inflammation might
play a central role in adverse affecting immunotherapy,
such as increased neutrophil-to-lymphocyte ratio (NLR),
leukocyte/lymphocyte ratio (LLR), red blood cell distribution
width (RDW), TGF-α, Fibrinogen and CRP (26, 29, 30). Previous
studies found that IL-15 is as a myokine expressed in skeletal
muscle cells and regulates CD8 T-cell and promotes survival of
T-cells (42, 43), which is important in maintaining body immune
function. IL-15 serum levels decrease in older people with loss
of muscle mass (44), which suggested that sarcopenia may lead
to immune function impaired. And the expression of increased
IL-6 and decreased IL-7 in people with loss of muscle mass
effects immune system function through T-cell exhaustion (42,
44). CD4 + FoxP3 + Tregs infiltrate impaired skeletal muscle,
which suggested that sarcopenia may lead to tumor immune
escape (45).

Our study has several limitations. First, it is retrospective
study and sample size is relatively small. Second, sarcopenia
is merely defined according to SMI, without taking muscle
strength and function into account, for example grip. In addition,
the cut-off value of SMI was based on literature in white
people instead of Asian people. Third, due to short follow-up
time, the potential impact of sarcopenia on OS could not be
investigated in this study.

In conclusion, sarcopenia may be a poor prognostic factor
of patients with advanced lung cancer receiving ICIs as
first-line or second-line treatment. Patients with sarcopenia
had a significantly lower DCR and shorter PFS than those
without sarcopenia, suggesting sarcopenia should be taken into
consideration when using ICIs in clinical practice.
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