
Frontiers in Oncology

OPEN ACCESS

EDITED BY

Giovanni Rosti,
San Matteo Hospital Foundation
(IRCCS), Italy

REVIEWED BY

Dong Tian,
Sichuan University, China
Taiki Hakozaki,
Tokyo Metropolitan Komagome
Hospital, Japan

*CORRESPONDENCE

Richard D. Hall
RDH3Q@hscmail.mcc.virginia.edu

†These authors have contributed
equally to this work

SPECIALTY SECTION

This article was submitted to
Thoracic Oncology,
a section of the journal
Frontiers in Oncology

RECEIVED 04 July 2022

ACCEPTED 29 August 2022
PUBLISHED 23 September 2022

CITATION

Bolte FJ, McTavish S, Wakefield N,
Shantzer L, Hubbard C, Krishnaraj A,
Novicoff W, Gentzler RD and Hall RD
(2022) Association of sarcopenia with
survival in advanced NSCLC patients
receiving concurrent immunotherapy
and chemotherapy.
Front. Oncol. 12:986236.
doi: 10.3389/fonc.2022.986236

COPYRIGHT

© 2022 Bolte, McTavish, Wakefield,
Shantzer, Hubbard, Krishnaraj, Novicoff,
Gentzler and Hall. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use,
distribution or reproduction is
permitted which does not comply with
these terms.

TYPE Brief Research Report
PUBLISHED 23 September 2022

DOI 10.3389/fonc.2022.986236
Association of sarcopenia
with survival in advanced
NSCLC patients receiving
concurrent immunotherapy
and chemotherapy

Fabian J. Bolte1, Sloane McTavish2†, Nathan Wakefield2†,
Lindsey Shantzer3, Caroline Hubbard4, Arun Krishnaraj4,
Wendy Novicoff5, Ryan D. Gentzler3 and Richard D. Hall3*

1Department of Medicine, University of Virginia, Charlottesville, VA, United States, 2School of
Medicine, University of Virginia, Charlottesville, VA, United States, 3Department of Medicine,
Division of Hematology and Oncology, University of Virginia Cancer Center, Charlottesville,
VA, United States, 4Department of Radiology and Medical Imaging, University of Virginia,
Charlottesville, VA, United States, 5Department of Public Health Sciences and Orthopedic Surgery,
University of Virginia, Charlottesville, VA, United States
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 VirginiaMedical Center. The cross-sectional areaof the psoasmuscle

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
BMI, body mass index; CI,

; ECOG, Eastern Cooperative
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l x-ray absorptiometry; HR,

checkpoint inhibitor; IMAC,

mune-related adverse event;

resonance imaging; NLR,

on-small cell lung cancer

mmed death ligand 1; PNI,

e index.

02
(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
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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/mL)/absolute lymphocyte count

(103/mL). The prognostic nutritional index (PNI) was calculated as

10 x serum albumin (g/dL) + 0.005 x absolute lymphocyte count

(103/mL). 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 againstDako 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 purposeswith amedian

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 andmuscle attenuation. Thepsoasmusclewas 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

v12.2.6.2010001whowas trained individually by aphysician 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 inHUof the psoasmuscle

and subcutaneous fat. The ratios were expressed as negative

numerical values because the attenuation of subcutaneous fat is

negative around -100 HU.
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 c2 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 regressionmodels.

Variables known to affect survival in patients with advanced lung
Frontiers in Oncology 03
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 performedwith

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, smokingstatus, lungcancerhistology,PDL-1 status, lungcancer

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 anECOG

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.
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,
frontiersin.org
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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 =
Frontiers in Oncology 04
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 associationof PMIandBMI.We founda

weak linear associationbetween increasingBMIandPMI (Figure2A,

Spearman r = 0.40, P < 0.0001). BMI was significantly different

betweenmalesand females,but incontrast toPMI,BMIwashigher 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
B C

D E F

A

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.
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TABLE 1 Baseline characteristics stratified by sarcopenia status.

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
Female

48 (52.2%)
44 (47.8%)

12 (50%)
12 (50%)

36 (52.9%)
32 (47.1%)

0.8170

Race, n (%)
White/Caucasian
Black/African American
Other

77 (83.7%)
14 (15.2%)
1 (1.1%)

20 (83.3%)
4 (16.7%)
0 (0%)

57 (83.8%)
10 (14.7%)
1 (1.5%)

0.8194

ECOG, n (%)
0
1
2

22 (23.9%)
52 (56.5%)
18 (19.6%)

2 (8.3%)
14 (58.3%)
8 (33.3%)

20 (29.4%)
38 (55.9%)
10 (14.7%)

0.0395

Smoking status, n (%)
Never smoked
Current or former smoker

13 (14.1%)
79 (85.9%)

2 (8.3%)
22 (91.7%)

11 (16.2%)
57 (83.8%)

0.5019

Histology, n (%)
Adenocarcinoma
Squamous cell carcinoma
Other*

68 (73.9%)
17 (18.5%)
7 (7.6%)

18 (75.0%)
5 (20.8%)
1 (4.2%)

50 (73.5%)
12 (17.7%)
6 (8.8%)

0.7378

PDL-1 expression, n (%)
<1%
1-49%
>=50%
Unknown

44 (47.8%)
20 (21.7%)
16 (17.4%)
12 (13.1%)

13 (54.2%)
6 (25.0%)
3 (12.5%)
2 (8.3%)

31 (45.6%)
14 (20.6%)
13 (19.1%)
10 (14.7%)

0.6983

Stage, n (%)
Locally advanced
Metastatic

9 (9.8%)
83 (90.2%)

0 (0%)
24 (100%)

9 (13.2%)
59 (86.8%)

0.1053

Brain metastasis, n (%)
No
Yes

58 (63.0%)
34 (37.0%)

13 (54.2%)
11 (45.8%)

45 (66.2%)
23 (33.8%)

0.3313

Treatment received, n (%)
Carboplatin/Pemetrexed/Pembrolizumab
Carboplatin/Paclitaxel/Pembrolizumab
Carboplatin/Docetaxel/Pembrolizumab
Atezolizumab/Bevacizumab/Carboplatin/Paclitaxel
Atezolizumab/Bevacizumab/Carboplatin/Pemetrexed

59 (64.1%)
30 (32.6%)
1 (1.1%)
1 (1.1%)
1 (1.1%)

16 (66.7%)
7 (29.2%)
0 (0%)
1 (4.2%)
0 (0%)

43 (63.2%)
23 (33.8%)
1 (1.5%)
0 (0%)
1 (1.5%)

0.4496

irAE, n (%)
0
>1

49 (53.3%)
43 (46.7%)

12 (50%)
12 (50%)

37 (54.4%)
31 (45.6%)

0.8131

BMI, median (IQR), kg/m2

Male
Female

25.5 (22.5-29.6)
24.7 (21.8-27.6)
27.4 (23.6-33.2)

23.3 (20.7-25.0)
22.1 (20.5-23.8)
24.9 (22.6-28.3)

26.9 (23.1-31.7)
26.6 (23.1-29.2)
30.4 (23.8-34.4)

0.0014
0.0010
0.0904

Serum albumin, median (IQR), g/dl
Male
Female

4.0 (3.7-4.3)
4.0 (3.6-4.3)
4.0 (3.7-4.3)

3.9 (3.6-4.2)
4.0 (3.6-4.2)
3.8 (3.6-4.0)

4.0 (3.7-4.3)
4.0 (3.6-4.3)
4.0 (3.8-4.3)

0.2009
0.8367
0.0765

NLR, median (IQR)
Male
Female

6.2 (3.2-9.6)
6.7 (4.1-9.6)
5.2 (2.9-11.7)

6.2 (4.0-9.1)
6.7 (4.9-9.1)
4.5 (2.8-10.0)

6.3 (3.1-10.1)
6.7 (3.4-9.6)
6.0 (3.0-13.0)

0.9244
0.8052
0.6342

Prognostic nutritional index, median (IQR)
Male
Female

46.3 (41-49.8)
46.1 (40.5-48.8)
46.5 (42.2-50.7)

45.9 (41.0-47.5)
46.1 (40.6-47.6)
45.7 (41.0-47.3)

46.7 (41.2-51.2)
45.8 (40.5-52.3)
47.3 (43.6-51.1)

0.1979
0.5367
0.2119

Psoas muscle index, median (IQR), cm2/m2

Male
Female

6.69 (5.66-7.78)
7.41 (6.04-8.33)
6.13 (5.11-6.90)

5.03 (4.61-5.44)
5.44 (5.02-5.81)
4.81 (4.33-5.06)

7.33 (6.46-8.23)
7.78 (7.17-8.78)
6.67 (5.99-7.51)

<0.0001
<0.0001
<0.0001

(Continued)
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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,

medianOS, 19.5months in patientswith a BMI< 25th percentile and

17.8 months in patients with a BMI ≥ 25th percentile, P = 0.3672).
Frontiers in Oncology 06
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.
Multivariate analysis of overall survival

To further validate our results on sarcopenia determined by

the PMI, we included age, gender, ECOG performance status,
TABLE 1 Continued

Total (n = 92) Sarcopenic (n = 24) Non-Sarcopenic (n = 68) P value

Intramuscular adipose content, median (IQR)
Male
Female

-0.31 (-0.40 to -0.24)
-0.33 (-0.44 to -0.25)
-0.29 (-0.35 to -0.23)

-0.31 (-0.42 to -0.23)
-0.36 (-0.44 to -0.24)
-0.29 (-0.41 to -0.21)

-0.30 (-0.39 to -0.24)
-0.33 (-0.44 to -0.26)
-0.29 (-0.35 to -0.23)

0.9835
0.7222
0.6853
front
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 c2 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.
B

C D

A

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.
iersin.org

https://doi.org/10.3389/fonc.2022.986236
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Bolte et al. 10.3389/fonc.2022.986236
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.
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
Frontiers in Oncology 07
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 t r i a l s 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
TABLE 2 Cox proportional hazards regression model assessing the effect of patient-specific variables on overall survival.

Cox proportional hazards regression (Wald test, P <0.0001)

HR 95% CI P value

Age < 75
Male gender
ECOG >= 2
Squamous histology
Never smoker
BMI < 18.5 kg/m2

NLR < 3.24
Sarcopenia
PNI < 41
irAE = 0

0.72
0.98
2.88
0.73
0.49
0.81
1.28
2.12
3.02
2.04

0.36-1.55
0.55-1.75
1.42-5.71
0.32-1.49
0.16-1.21
0.25-2.24
0.62-2.52
1.10-3.97
1.42-6.26
1.14-3.75

0.3791
0.9454
0.0027
0.4195
0.1539
0.7100
0.4906
0.0209
0.0034
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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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
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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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sarcopenia: Mechanisms and potential targets for intervention. Curr Opin
Pharmacol (2015) 22:100–6. doi: 10.1016/j.coph.2015.04.003

31. Bahat G, Turkmen BO, Aliyev S, Catikkas NM, Bakir B, Karan MA. Cut-off
values of skeletal muscle index and psoas muscle index at L3 vertebra level by
computerized tomography to assess lowmuscle mass. Clin Nutr (2021) 40(6):4360–
5. doi: 10.1016/j.clnu.2021.01.010
frontiersin.org

https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1016/S1470-2045(10)70218-7
https://doi.org/10.1007/s00520-018-4051-2
https://doi.org/10.1038/s41598-019-39120-6
https://doi.org/10.21037/atm-20-4380
https://doi.org/10.21037/atm-20-4380
https://doi.org/10.1016/S1470-2045(08)70153-0
https://doi.org/10.1056/NEJMoa1801005
https://doi.org/10.1056/NEJMoa1716948
https://doi.org/10.1056/NEJMoa1810865
https://doi.org/10.1016/j.surg.2015.08.047
https://doi.org/10.1097/MD.0000000000019059
https://doi.org/10.1007/s00432-020-03146-5
https://doi.org/10.1016/S1470-2045(20)30641-0
https://doi.org/10.3945/ajcn.2010.28608C
https://doi.org/10.1111/1759-7714.12545
https://doi.org/10.1016/S0140-6736(16)30958-8
https://doi.org/10.7314/APJCP.2015.16.9.3997
https://doi.org/10.7314/APJCP.2015.16.9.3997
https://doi.org/10.1016/j.clnesp.2021.02.017
https://doi.org/10.1016/S1470-2045(15)00558-6
https://doi.org/10.1016/j.coph.2015.04.003
https://doi.org/10.1016/j.clnu.2021.01.010
https://doi.org/10.3389/fonc.2022.986236
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Association of sarcopenia with survival in advanced NSCLC patients receiving concurrent immunotherapy and chemotherapy
	Introduction
	Materials and methods
	Patient eligibility and data collection
	Image analysis
	Statistical analysis

	Results
	Baseline characteristics of patients classified by PMI as sarcopenic and non-sarcopenic
	Difference in overall survival between sarcopenic and non-sarcopenic patients
	Association of BMI and PMI
	Multivariate analysis of overall survival

	Discussion
	Strengths and limitations

	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


