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Assessment of sarcopenia as a predictor of poor overall survival
for advanced non-small-cell lung cancer patients receiving
salvage anti-PD-1 immunotherapy
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Background: Sarcopenia, which is defined as the loss of skeletal muscle mass, has been identified as a
poor prognostic factor for cancer patients. This study sought to elucidate the effects of sarcopenia on the
outcomes of advanced non-small cell lung cancer (NSCLC) patients receiving salvage anti-programmed
death-1 (PD-1) immunotherapy.

Methods: In total, 105 NSCLC patients receiving second-line anti-PD-1 immunotherapy at the Sun
Yat-sen University Cancer Center between January 2015 and December 2017 were enrolled in this study,
and detailed patient data were collected. Available lumbar computed tomography images of the patients
were analyzed to determine the total skeletal muscle cross-section area. The efficacy of the predictive and
prognostic role of sarcopenia in progression-free survival (PFS) and overall survival (OS) was analyzed using
the Kaplan-Meier method, and the risk factors were analyzed using Cox analyses.

Results: We found that patients with sarcopenia receiving salvage anti-PD-1 immunotherapy had
significantly worse PES (2.67 vs. 7.96 months; P<0.001) and OS (9.08 vs. 21.84 months; P<0.001) than
their non-sarcopenic counterparts. We also found that sarcopenia was associated with the neutrophil-to-
lymphocyte ratio (NLR) (P=0.041), and that the NLR acts as a predictor of OS.

Conclusions: Sarcopenia was associated with a poor prognosis in advanced NSCLC patients receiving
salvage anti-PD-1 immunotherapy. Further research needs to be conducted to identify more biomarkers and

the patients most likely to benefit from immunotherapy.
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Introduction

Breakthroughs in immunotherapy for cancer patients
have changed the clinical practice of treating lung cancer,
a deadly disease that causes about 1.8 million deaths
worldwide every year (1). Immune checkpoint inhibitors
that target the programmed death-1 (PD-1)/programmed
death-ligand 1 (PD-L1) have produced significant survival
benefits in advanced non-small cell lung cancer (NSCLC)
patients. Based on the KEYNOTE-010 (2), CheckMate
017 (3), and 057 trials (4), pembrolizumab and nivolumab
monotherapy have been approved for NSCLC patients in
whom platinum-doublet chemotherapy has failed. However,
only 18-20% of patients achieve durable responses after
receiving salvage anti-PD-1 immunotherapy (5), and most
have primary resistance to anti-PD-1 immunotherapy.
Thus, predictive biomarkers are needed to identify patients
who may benefit from immunotherapy.

Independent predictive biomarkers of immune
checkpoint inhibitors, such as PD-L1, (6) and the tumor
mutation burden (TMB) (7), have some clinical relevance in
the selection of patients; however, these predictive markers
are not clinician friendly. The availability of sufficient tissue
for subsequent molecular testing [including the epidermal
growth factor receptor (EGFR), anaplastic lymphoma
kinase (ALK) mutations, PD-L1 expression, and the TMB]
is increasingly limited. In addition, up to 30% of NSCLC
patients do not have adequate tissue available at diagnosis
for standard biomarker testing (8,9). Additional predictive,
easily measured, non-invasive biomarkers are needed to
identify the patients who are most likely to benefit from
PD-1 inhibitor therapy.

The efficacy of immune checkpoint inhibitors is thought
to be heavily dependent on the host’s immune system,
and body composition is strongly related to the immune
system. Skeletal muscle loss, referred to as sarcopenia, is a
condition characterized by the loss of skeletal muscle mass
and function (10). Patients with sarcopenia tend to have
a higher incidence of infectious disease (11), metabolic
syndrome (12), insulin resistance (13), and cardiovascular
disease (14). Sarcopenia is pathophysiologically related to
various etiologies, including advanced age, malnutrition,
a lack of exercise, inflammatory diseases, and endocrine
diseases (15). As cancer progresses, it causes a state of
cachexia, malnutrition and various metabolic disorders,
including anorexia, poor nutrition, systemic inflammation,
and exacerbates the prognosis and quality of life of
patients. Unlike normal malnutrition, cachexia often leads
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to a decrease in skeletal muscle mass, which is defined as
sarcopenia.

Diagnosing sarcopenia is inexpensive, non-invasive, and
reproducible. Routine diagnostic imaging using computer
tomography (CT) can accurately quantify muscle mass
and can be performed as part of daily clinical practice, and
measurements of the cross-sectional area of the skeletal
muscles of an abdominal CT at the level of the third lumbar
vertebra (L3) are widely used to assess sarcopenia. Studies
have shown the prognostic value of sarcopenia in various
cancers. The survival rate of sarcopenia patients with
esophageal cancer (16), and melanoma (17) is significantly
lower than that of non-sarcopenic patients. Further,
sarcopenia has been reported to be a prognostic factor
associated with poor outcomes in lung cancer patients
receiving PD-1 inhibitor therapy (18,19). However,
previous research has not reported on overall survival (OS),
and the sample sizes of previous studies have been small.

Thus, we conducted a retrospective study to examine the
relationship between sarcopenia and treatment outcomes,
including OS, in advanced NSCLC patients receiving
salvage anti-PD-1 immunotherapy.

We present the following article in accordance with the
REMARK reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-6578).

Methods
Patients

To be eligible for inclusion in this study, patients had
to meet the following criteria: (I) have histologically
confirmed NSCLC; (II) be in stage IV and have disease
progression after having previously undergone platinum-
containing systematic therapy or targeted therapy for those
with oncogene mutations; (III) have undergone anti-PD-1
monotherapy between January 2015 and December 2019
at the Cancer Center of Sun Yat-sen University; (IV) have
complete clinicopathological data for evaluation; and (V)
have an Eastern Cooperative Oncology Group (ECOG)
performance-status score of <2. Patients were excluded
from the study if they met any of the following exclusion
criteria: (I) had previously undergone therapy with immune
checkpoint inhibitors or T-cell stimulation; (II) were aged
<18 years old; and/or (II) had other malignancies within
the last 5 years.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study
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Figure 1 Computed tomography images of typical sarcopenic and non-sarcopenic cases. The skeletal muscle area is shown in red. SMI,

skeletal muscle index; BMI, body mass index.

was approved by the Sun Yat-sen University Cancer Center
Institutional Review Board (No. B2020-402-01). Because of
the retrospective nature of the research, the requirement for
informed consent was waived.

Data collection and follow-up

The patients were followed-up with until March 2021
by hospital records. Our primary study endpoints were
OS, defined as the time from the date of the first cycle of
front-line therapy to the date of death from any cause,
and second-line progression-free survival (PFS), defined
as the time from second-line palliative therapy to tumor
progression, the last follow-up before the initiation of third-
line therapy, or death from any cause.

Clinicopathological information and sarcopenia

Detailed clinical information, including age, gender,
smoking history, performance status (PS), blood test results,
including neutrophil and lymphocyte results, histology,
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gene mutation, metastatic sites, tumor size, treatment, and
follow-up data were obtained for the enrolled patients.
Sarcopenia was determined by a surrogate marker: the
cross-sectional skeletal muscle surface (cm®) at the level of
the third vertebra on 2 consecutive transversal computed
tomography (CT) images on which both vertebral
spines were visible. The CT images were 3- to 5-mm-
thick multiplanar reconstructions contrast enhanced
or unenhanced on the axial plane. Osirix'" version 7.0
(32 bit; http://www.osirix-viewer.com) was used to obtain
measurements. The “Grow Region (2D/3D Segmentation)”
tool was used to automatically select all the skeletal muscle
mass in 1 transversal CT image. The distinction between
different tissues was based on Hounsfield units. The
following muscles were measured: the psoas, paraspinal,
transverse abdominal, external oblique, internal oblique,
and rectus abdominis muscles. A threshold range of 30 to
+110 Hounsfield units was used for the skeletal muscle (see
Figure 1A-1D). Muscle area (cm®) was standardized for
height in meters squared (m’) and reported as the lumbar
skeletal muscle index (SMI) (cm’/m®). Adopting the
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Table 1 Basic clinicopathological characteristics

Characteristic Subcategory No. of patients (%)
Age, years <55 54 (51.4)
>55 51 (48.6)
Gender Female 32 (30.5)
Male 73 (69.5)
Smoking history Never smoked 69 (65.7)
Current/ex-smoker 36 (34.3)
Performance status 0 46 (43.8)
(ECOG)
=1 59 (56.2)
Histology Non-squamous 74 (70.5)
Squamous 31 (29.5)
Size <5cm 73 (69.5)
>5cm 32 (30.5)
Sarcopenia Yes 38 (36.2)
No 67 (63.8)
Drug Nivolumab 35 (33.3)
Pembrolizumab 46 (43.8)
Camrelizumab 24 (22.9)
BMI <25 kg/m?® 84 (80.0)
>25 kg/m’ 21 (20.0)
NLR <3 47 (44.8)
>3 58 (55.2)
Liver metastasis No 80 (76.2)
Yes 25 (23.8)
Brain metastasis No 75 (71.4)
Yes 30 (28.6)
Lung metastasis No 54 (51.4)
Yes 51 (48.6)
No. of metastatic <2 56 (53.3)
sites
>2 49 (46.7)
EGFR or ALK No 74 (70.5)
mutation
Yes 19 (18.1)
Unknown 12 (11.4)

ECOG, Eastern Cooperative Oncology Group; BMI, body mass
index; NLR, neutrophil-to-lymphocyte ratio; EGFR, epidermal
growth factor receptor; ALK, anaplastic lymphoma kinase.
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approach of Martin er a/. (20), sarcopenia was defined as
SMI <41 em’/m’ in women regardless of their BMI and
SMI <43 cm’/m’ in men with a BMI <25 kg/mz, and SMI
<53 ecm’/m’ in for men with a BMI >25 kg/m’.

Statistical analysis

Statistical analyses were performed using SPSS 22.0
(IBM, Chicago, IL, USA) and R for Windows (version
3.6.2, http://www.r-proje ct.org/). The Chi square test
was used to assess the univariate relationship between the
clinicopathologic variables. The Kaplan-Meier method
and the log-rank test were used to investigate and compare
prognostic roles in predicting PFS and OS. Univariate and
multivariate regression analyses were conducted to analyze
the risk factors. All the statistical tests were two-sided, and
P values <0.05 were considered statistically significant.

Results
Patient characteristics

In total, 105 patients with stage IV NSCLC with available
sarcopenia and other clinicopathological data were
included in the analysis. Their basic characteristics are
shown in Table 1. Of the patients, 73 were male (69.5%),
and 32 were female (30.5%). Patients had a median age of
55 years (range, 28-77 years). Most patients had no history
of smoking (69, 65.7%), a tumor size <5 cm (73, 69.5%), a
non-oncogene mutation status (74, 70.5%), and a histology
of non-squamous cancer (74, 70.5%). Approximately 20.0%
of patients had a BMI >25 kg/mz, and more than half (59,
56.2%) had a PS >1. Nearly half of the patients had more
than 2 metastatic sites, and the lung was the most common
metastatic location (51, 48.6%). Thirty patients (28.6%)
had brain metastasis, and 25 patients (23.8%) had liver
metastasis. Fifty-eight patients (55.2%) had a neutrophil-
to-lymphocyte ratio (NLR) >3. The anti-PD-1 drugs used
in the study were nivolumab (35, 33.3%), pembrolizumab
(46, 43.8%), and camrelizumab (24, 22.9%). Thirty-eight
patients (36.2%) were diagnosed with sarcopenia based on
the SMI cut-offs.

Sarcopenia and correlations with clinicopathology

The correlations between sarcopenia and other
clinicopathologic factors are summarized in Table 2.
Notably, 26 (44.8%) of 58 patients with a NLR >3 exhibited
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Table 2 The correlation between sarcopenia and clinicopathologic factors
Sarcopenia status, n (%)
Characteristic P value
Non-sarcopenia (n=67) Sarcopenia (n=38)

Age 0.531
<55 years 36 (563.7) 18 (47.4)
>55 years 31 (46.3) 20 (52.6)

Gender 0.798
Female 21 (31.3) 11 (28.9)
Male 46 (68.7) 27 (71.1)

Smoking history 0.66
Never smoke 43 (64.2) 26 (68.4)
Current/ex-smoker 24 (35.8) 12 (31.6)

Performance status (ECOG) 0.791
0 30 (44.8) 16 (42.1)
=1 37 (65.2) 22 (57.9)

Histology 0.922
Non-squamous 47 (70.1) 27 (71.1)
Squamous 20 (29.9) 11 (28.9)

Size 0.531
<5cm 48 (71.6) 25 (65.8)
>5cm 19 (28.4) 13 (34.2)

Drug 0.965
Nivolumab 22 (32.8) 13(34.2)
Pembrolizumab 30 (44.8) 16 (42.1)
Camrelizumab 15 (22.4) 9 (28.7)

BMI 0.839
<25 kg/m’ 13 (19.4) 8 (21.1)
=25 kg/m’ 54 (80.6) 30 (78.9)

NLR 0.041
<3 35 (52.2) 12 (31.6)
>3 32 (47.8) 26 (68.4)

Liver metastasis 0.617
No 50 (74.6) 30 (78.9)
Yes 17 (25.4) 8 (21.1)

Brain metastasis 0.607
No 49 (73.1) 26 (68.4)
Yes 18 (26.9) 12 (31.6)

Table 2 (continued)

© Annals of Translational Medicine. All rights reserved.
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Sarcopenia status, n (%)

Characteristic P value
Non-sarcopenia (n=67) Sarcopenia (n=38)

No. of metastatic sites 0.480
<2 34 (50.7) 22 (57.9)
>2 33 (49.3) 16 (42.1)

EGFR or ALK mutation 0.534
No 49 (73.2) 25 (65.8)
Yes 10 (14.9) 9(23.7)
Unknown 8(11.9) 4 (10.5)

ECOG, Eastern Cooperative Oncology Group; BMI, body mass index; NLR, neutrophil-to-lymphocyte ratio; EGFR, epidermal growth

factor receptor; ALK, anaplastic lymphoma kinase.
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Figure 2 Kaplan-Meier survival curves for the sarcopenia and non-sarcopenia groups. (A) The PFS was significantly worse in the sarcopenia
group than the non-sarcopenia group (2.67 vs. 7.9 6 months; P<0.001). (B) The OS was significantly worse in the sarcopenia group than the

non-sarcopenia group (9.08 vs. 21.84 months; P<0.001). PFS, progression-free survival; OS, overall survival.

sarcopenia, while only 12 (25.5%; P=0.041) of 47 patients
with a NLR <3 exhibited sarcopenia. Sarcopenia was not
correlated with other clinicopathological factors, including
age (P=0.531), gender (P=0.796), smoking (P=0.660),
histology (P=0.922), PS (P=0.791), BMI (P=0.839), tumor
size (P=0.531), or the number of metastatic sites (P=0.480).

Survival analysis

The median follow-up time for all patients was 14.73
months (range, 0.47-39.13 months). The median OS of the
105 patients was 14.7 months [95% confidence interval (CI):

© Annals of Translational Medicine. All rights reserved.

10.9-18.6 months]. The Kaplan-Meier analysis revealed that
patients with sarcopenia had a worse PFS and OS than those
without sarcopenia (PFS: 2.67 vs. 7.96 months, respectively;
P<0.001; OS: 9.08 vs. 21.84 months, respectively; P<0.001;
see Figure 2). The univariate Cox regression analysis also
showed that patients with sarcopenia had a lower PFS
[hazards ratio (HR) 2.31; P<0.001; see Table 3] and OS (HR
3.18; P<0.001; see Table 4) than those without sarcopenia.
Further, in a multivariable Cox regression model for OS
adjusted for age, gender, PS, and the NLR, sarcopenia was
found to be independently associated with poor OS (HR
3.068; 95% CI: 1.329-7.084; P=0.009; see Table 4). In a
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Table 3 Cox analyses of risk of the effects of sarcopenia and clinicopathological factors on PES in patients receiving salvage anti-PD-1
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Characteristic

Univariate analysis

Multivariate analysis

P value HR (95% ClI) P value HR (95% Cl)

Age 0.764 0.912

<55 years 1.00 1.00

>55 years 0.94 (0.63, 1.41) 0.98 (0.63, 1.51)
Gender 0.262 0.353

Female 1.00 1.00

Male 0.77 (0.49, 1.21) 0.80 (0.50, 1.28)
Smoking history 0.339 -

Never smoked 1.00 -

Current/ex-smoker 0.813 (0.53, 1.24) -
Performance status (ECOG) 0.204 0.530

0 1.00 1.00

>1 1.31 (0.87, 1.98) 1.16 (0.73,1.82)
Histology 0.516 -

Non-squamous 1.00 -

Squamous 1.16 (0.75, 1.80) -
Sarcopenia <0.001 0.001

No 1.00 1.00

Yes 2.31 (1.49, 3.59) 2.19 (1.39, 3.47)
BMI 0.412 -

<25 kg/m® 1.00 -

=25 kg/m’ 1.25(0.74, 2.11) -
No. of metastatic sites 0.080 0.113

<2 1.00 1.00

>2 1.44 (0.96, 2.16) 1.42 (0.92, 2.19)
Liver metastasis 0.245 -

No 1.00 -

Yes 1.32(0.83,2.12) -
Brain metastasis 0.790 -

No 1.00 -

Yes 1.06 (0.68, 1.65) -
NLR 0.017 0.099

<3 1.00 1.00

>3 1.66 (1.09, 2.52) 1.44 (0.93, 2.22)

Table 3 (continued)

© Annals of Translational Medicine. All rights reserved.
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Characteristic

Univariate analysis

Multivariate analysis

P value HR (95% ClI) P value HR (95% Cl)
EGFR or ALK mutation -
No 1.00 -
Yes 0.700 1.11 (0.64, 1.94) -
Unknown 0.470 1.27 (0.66, 2.42) -
Size 0.767 -
>5cm 1.00 -
<5cm 0.94 (0.60, 1.46) -

PFS, progression-free survival; Cl, confidence interval; HR, hazard ratio; ECOG, Eastern Cooperative Oncology Group; BMI, body mass
index; NLR, neutrophil-to-lymphocyte ratio; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase.

Table 4 Cox analyses of the risk of sarcopenia and clinicopathological factors on OS in patients receiving salvage anti-PD-1 immunotherapy

Characteristic

Univariate analysis

Multivariate analysis

P value HR (95% Cl) P value HR (95% Cl)

Age - -

<55 years 1.00 1.00

>55 years 1.19(0.74, 1.93) 1.29 (0.80, 2.10)
Gender 0.161 0.088

Female 1.00 1.00

Male 1.18 (0.85, 2.58) 1.64 (0.93, 2.90)
Smoking history 0.681 -

Never smoke 1.00 -

Current/ex-smoker 1.11 (0.67, 1.83) -
Performance status (ECOG) 0.154 0.193

0 1.00 1.00

>1 1.43 (0.88, 2.33) 1.39 (0.85, 2.30)
Histology 0.176 -

Non-squamous 1.00 -

Squamous 1.43 (0.85, 2.39) -
Sarcopenia <0.001 <0.001

No 1.00 1.00

Yes 3.18 (1.89, 5.33) 2.85 (1.69, 4.84)
BMI 0.961 -

<25 kg/m® 1.00 -

=25 kg/m® 0.98 (0.55, 1.78) -
Table 4 (continued)

© Annals of Translational Medicine. All rights reserved.
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Table 4 (continued)
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Univariate analysis

Multivariate analysis

Characteristic

P value R (95% CI) P value HR (95% Cl)

No. of metastatic sites 0.892 -

<2 1.00 -

>2 1.03 (0.64, 1.67) -
Liver metastasis 0.137 -

No 1.00 -

Yes 1.51 (0.88, 2.60) -
Brain metastasis 0.690 -

No 1.00 -

Yes 1.11 (0.67, 1.85) -
NLR <0.001 <0.001

<3 1.00 1.00

>3 2.50 (1.50, 4.15) 2.93 (1.71, 5.02)
EGFR or ALK mutation -

No 1.00 -

Yes 0.671 0.87 (0.46, 1.65) -

Unknown 0.483 1.29 (0.63, 2.64) -
Size 0.823 -

<5cm 1.00 -

>5 cm 0.94 (0.55, 1.60) -

OS, overall survival; Cl, confidence interval; HR, hazard ratio; ECOG, Eastern Cooperative Oncology Group; BMI, body mass index; NLR,
neutrophil-to-lymphocyte ratio; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase.

multivariable Cox regression model for PFS, sarcopenia
was found to be independently associated with poor PFS
(HR 2.19; 95% CI: 1.39-3.47; P=0.001; see Tuble 3).
Patients with a NLR of >3 also showed worse PFS (HR
1.66; P=0.017; see Table 3) in the univariate Cox regression
analysis, and worse OS in both the univariate (HR 2.50;
P<0.001; see Table 4) and multivariate (HR 2.93; P<0.001;
see Table 4) Cox regression analyses.

The association between sarcopenia and the efficacy of
anti-PD-1 immunotherapy was further confirmed in all
subgroups (see Figure 3). Patients with sarcopenia had worse
OS regardless of their age, smoking history, histology,
tumor size, number of metastatic sites, brain metastasis, and
NLR. Notably, no correlation was found between OS and
being female (HR 2.12; P=0.081), having a high ECOG (HR
1.42; P=0.216), a low BMI (HR 2.17; P=0.125), the EGFR

© Annals of Translational Medicine. All rights reserved.

or ALK mutation (HR 1.89; P=0.232), >2 metastasis (HR
1.75; P=0.090), or liver metastasis (HR 2.39; P=0.062).

Discussion

As far as we know, this is the largest study to examine the
relationship between sarcopenia and immunotherapy,
especially in relation to OS, in advanced NSCLC patients
receiving salvage anti-PD-1 immunotherapy. We found
that patients with sarcopenia receiving salvage anti-PD-1
immunotherapy showed significantly worse PFS and
OS than their non-sarcopenic counterparts. In addition,
we found that sarcopenia was associated with the NLR,
and the NLR also acted as a predictor of OS. Measures
of sarcopenia and inflammation are easily obtained in
the clinical setting and are each independent powerful

Ann Transl Med 2021;9(24):1801 | https://dx.doi.org/10.21037/atm-21-6578
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Subgroups No. of patients P value HR (95% Cl)
Total 105
Age

<55 years 54 0.015 2.15(1.16, 3.98)

>55 years 51 0.004  2.55(1.35, 4.83)
Gender

Female 32 0.081 2.12(0.91, 4.94)

Male 73 0.001  2.39(1.42, 4.02)
Smoke

Never smoke 39 0.025 1.82(1.08, 3.09)

Current/ex-smoker 36 0.001  4.16 (1.78, 3.97)
Performance status (ECOG)

0 46 <0.001 6.35(2.80, 14.41)

>1 59 0.216  1.42(0.82, 2.46)
Histology

Non-squamous 74 0.008 2.21(1.31,3.72)

Sqguamous 31 0.011  3.05(1.30,7.17)
BMI

<25 kg/m? 84 0.125 2.17(0.81, 5.87)

=25 kg/m’ 21 0.001  2.40 (1.46, 3.94)
No. of metastatic sites

<2 56 <0.001 3.39(1.83, 6.27)

>2 49 0.09 1.75(0.92, 3.33)
Liver metastasis

No 80 0.001  2.32(1.40, 3.83)

Yes 25 0.062 2.39 (0.96, 5.95)
Brain metastasis

No 75 0.002  2.29 (1.36, 3.84)

Yes 30 0.039 2.27 (1.05, 5.84)
NLR

<3 47 0.05  2.00 (1.00, 4.00)

>3 58 0.005 2.33(1.29, 4.22)
EGFR or ALK mutation

No 74 <0.001 2.65 (1.55, 4.54)

Yes 19 0.232  1.89(0.67, 5.38)

Unknown 12 0.948 1.04 (0.29, 3.76)
Size

<5cm 73 0.003 2.23(1.30, 3.82)

>5cm 32 0.033  2.31(1.07, 4.99)
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Figure 3 The association between sarcopenia and the efficacy of anti-PD-1 immunotherapy was confirmed in all the subgroups. CI,

confidence interval; HR, hazard ratio; ECOG, Eastern Cooperative Oncology Group; BMI, body mass index; NLR, neutrophil-to-

lymphocyte ratio; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase.

prognostic indicators in patients receiving anti-PD-1
immunotherapy.

In this study, we found that patients with sarcopenia had
worse PFS and OS than those without sarcopenia. Body
composition has been found to be an important prognostic
factor in many illnesses, including chronic diseases (21),
critical care (22), and the elderly population (23). Body
composition measurements are simple and quick to obtain
from CT, which is a routine part of preoperative cancer
staging. Thus, such assessments do not incur additional
costs or increase patients’ exposure to ionizing radiation.
Cancer cachexia is a multifactorial syndrome characterized
by progressive weight loss due to the depletion of adipose

© Annals of Translational Medicine. All rights reserved.

tissue and skeletal muscle mass. The presence of sarcopenia
indicates tumor aggressiveness. It develops as a result of
tumor progression, tumor-induced systemic inflammation,
or metabolic aberration. Patients with sarcopenia are
characterized by poor general health and physical
performance, which can contribute to a worse prognosis
in cancer-bearing patients (24). Prado er 4/. showed that
sarcopenia is an independent predictor of worse OS in
patients with gastrointestinal or respiratory cancer for the
first time (25).

"To date, the limited research on NSCLC patients treated
with PD-1 therapy indicates that sarcopenia is associated
with worse PFS (18). We investigated the association
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between sarcopenia and the efficacy and long-term effects
of the PD-1 blockade in patients receiving salvage anti-
PD-1 immunotherapy. In our cohort, the PFS of patients
with sarcopenia was 2.67 months, and the PFS of patients
without sarcopenia was 7.96 months. The OS of patients
with sarcopenia was 9.08 months, and the OS of patients
without sarcopenia was 21.84 months. Thus, the effects
of sarcopenia should not be ignored in routine practice. A
baseline skeletal muscle mass may be critical to the long-
term response of patients undergoing PD-1 inhibitor
therapy.

Given the prognostic significance of sarcopenia in
NSCLC, the prevention of or recovery from sarcopenia
and cancer cachexia could inform the selection of patients
who may benefit from anti-PD-1 immunotherapy. In the
subgroups, the patients with sarcopenia had worse OS
regardless of their age, smoking history, histology, tumor
size, number of metastatic sites, brain metastasis, and NLR.
It is difficult to accurately interpret sex-based differences, as
other factors, such as ethnicity and genetic predispositions,
may affect the prevalence of sarcopenia. There was also no
difference in the poor PS and low BMI of patients with or
without sarcopenia. Indeed, patients with a poor PS and
low BMI tended to have less skeletal muscle mass, but these
variables were considered not to have an independent role
in PFS and OS.

The mechanism underlying sarcopenia and poor
outcomes remains uncertain. An increased understanding of
the underlying mechanisms of muscle loss in cancer patients
could help to formulate treatment strategies. Skeletal
muscle wasting is a comprehensive result of an imbalance
between synthetic and degradative protein pathways,
increased muscle cell apoptosis, and decreased regenerative
capacity (26). Another important function of skeletal
muscle is that it is an organ of cytokines and other peptide
denominated myokines (e.g., interleukin-6, interleukin-8,
and interleukin-15), which are key factors in muscle, and are
extensively involved in inflammatory processes (27). These
cytokines and myokines have systemic effects on anti-tumor
immune responses (28). Thus, we speculate that a decrease
in myokines due to skeletal muscle loss may lead to a poor
response to PD-1 inhibitors.

Chronic inflammation is one reason why sarcopenia
affects immunotherapy, resulting in tumor cell escape form
immunity through many mechanisms. Notably, we found
that the NLR, which is an inflammatory biomarker, is a
significant prognostic factor in predicting OS. Inflammation
is also known to be a major factor driving the development
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and progression of cancer. It is a potential biomarker
for NSCLC patients treating with immune checkpoint
inhibitor (29). The NLR is a simple and convenient
measurement that can be obtained at any clinical visit
simply by drawing peripheral blood. The NLR was found
to be a strong prognostic marker associated with worse OS
in NSCLC patients in the pre-immunotherapy era (30).
Currently, the role of the NLR has been refocused and
reassessed, as immune cells are the main immunotherapy
tools for fighting cancers. Numerous reports have found
the NLR to be correlated with NSCLC immunotherapy
outcomes (31). The immunosuppression induced by chronic
inflammation is caused by increased immunosuppressive cells
in tumor sites. Notably, myeloid-derived suppressor cells
(MDSCs) are strongly related to immunosuppression (32).
Further, MDSCs are inducted into tumor cells by chronic
inflammation, which not only inhibits the entry of cluster
of differentiation 8" (CD8") T cells into tumor tissue, but
also induces regulatory T cells (Tregs) to suppress immune
responses (33). Thus, MDSCs and Tregs increased by
chronic inflammation will have great influence on the
immunotherapeutic effect 34).

Sarcopenia, a multifactorial syndrome characterized by
on-going skeletal muscle wasting, has been observed in
patients with advanced cancer. Recognizing the importance
of sarcopenia on outcomes has led to further research on
how to increase or prevent the further loss of muscle mass.
As sarcopenia results from decreased protein synthesis and
increased protein degradation, protein supplementation can
play a key role in nutritional support (35). Many treatments,
including exercise (36), omega-3 fatty acid dietary
supplementation (37), and novel treatments, including
melanocortin-4 receptor antagonists (38), myostatin
inhibition (39), beta-blockers, interleukin-6 antagonists (40),
synthetic ghrelin, and vitamin D (41), are being explored.
Previous research has shown that thymosin alpha 1 (Tal)
might play a role in improving the treatment effect of anti-
PD-1 immunotherapy, which is thought to be related to
its immunomodulating activities (42). Further research
on the effects of these and other interventions needs to be
conducted to improve the prognosis of advanced cancer
patients. We believe that the prevention of sarcopenia
and the development of predictive biomarkers are both
important in deriving future benefits from immune
checkpoint inhibitors.

This study had several limitations. First, it was
retrospective in nature and did not have a large sample
size; thus, deviations and confounding factors may have
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affected the results. Second, data on the proinflammatory
cytokines or the other pro-catabolism factors produced
by tumors were not available for our patients. Finally, due
to a lack of information regarding PD-L1 expression and
the TMB, we were unable to include these variables in
our analyses. However, we believe that the results of the
present study may stimulate further investigations that can
better elucidate the association between sarcopenia and
treatments.

In conclusion, based on this retrospective analysis,
advanced NSCLC patients with sarcopenia undergoing
salvage immunotherapy have a poor prognosis. Screening
for sarcopenia could help to identify patients who may
benefit from immunotherapy in clinical settings. Further
research needs to be conducted to verify the clinical
biomarkers involved in immune checkpoint inhibitor
responses.
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