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ABSTRACT

Background: Evidence suggests that sarcopenia is a significant predictive factor of worst outcomes
and treatment-associated toxicities in patients with metastatic solid tumours. The aim of this study
was to explore the relationship between low muscle mass and clinical outcomes and immune-related
severe toxicities (IrST) in patients treated with immune checkpoint inhibitors (ICls).

Methods: A retrospective cohort of 261 consecutive metastatic solid tumour patients treated with ICls
were included in our study. Low muscle mass was defined as skeletal muscle index <41cm?/m? for
females and <43cm?/m? for males if body mass index (BMI) <25kg/m? or <53cm*m? if BMI >
25kg/m?. Severe toxicities (ST), including grade III-IV toxicities and side effects leading to treatment
interruption, were recorded.

Results: The majority of patients (n=179; 69%) included in this study had metastatic lung cancer. The
prevalence of low muscle mass was 47%. The median progression-free survival (PFS) was 32.2 weeks
for low muscle mass patients and 24.3 weeks for non-low muscle mass patients (adjusted HR, 0.80;
95% Cl, 0.60-1.055; p=0.11). For low muscle mass and non-low muscle mass lung cancer patients,
median PFS was 24.0 weeks and 18.8 weeks (adjusted HR, 0.70; 95% Cl, 0.50-0.98; p = 0.04) and median
overall survival was 50.7 weeks and 41.1 weeks (adjusted HR, 0.77; 95% Cl, 0.54-1.10, p =0.15) respect-
ively. Immune-related severe toxicities occurred in 3.3% and 9.4% of low muscle mass and non-low
muscle mass patients respectively (adjusted OR, 0.69; 95% Cl: 0.31-1.49; p = 0.35).

Conclusion: No difference in outcomes and safety was observed for low muscle mass and non-low

ARTICLE HISTORY
Received 16 March 2021
Accepted 6 September 2021

KEYWORDS

Low muscle mass; immune
checkpoint inhibitors;
immunotherapy; immune-
related severe toxicity

muscle mass patients treated with ICls.

Introduction

Response and tolerance to anti-cancer agents vary
immensely among cancer patients. Immune checkpoint
inhibitors (ICls) have entirely transformed the management
of metastatic cancer, especially in melanoma and non-small
cell lung cancer [1,2]. Program death-1 (PD-1)/PD-Ligand-1
(PD-L1) pathway negatively regulates the anti-tumour activity
of T-cells; inhibition of this pathway using blocking antibod-
ies re-activates T lymphocytes, thereby unleashing anti-
tumour immune responses. Monoclonal antibodies against
PD-1 or PD-L1 provide durable responses in a subset of
patients. Various predictive biomarkers have been evaluated;
however, only PD-L1 expression on tumour cells and an
inflamed tumour microenvironment have been established
as predictive factors of efficacy in non-small cell lung cancer
[3]. No clinical factors or biomarkers have been validated as
predictive factors of toxicity in ICls.

Over the last decade, the development of sarcopenia in
cancer patients has garnered increasing interest. Sarcopenia

is characterised by a decline of skeletal muscle mass and low
muscle strength and/or physical performance [4]. This condi-
tion naturally and gradually occurs during ageing and has
been associated with the severity and progression of several
chronic diseases and cancer. The prevalence of sarcopenia in
cancer patients is high, reaching almost 40% [5], depending
on the tumour type and stage of the disease. The develop-
ment of sarcopenia has been associated with poor perform-
ance status (PS), decreased quality of life, and poor survival
of cancer patients [6,7]; sarcopenia has also been linked to
increased toxicity of chemotherapy and tyrosine kinase inhib-
itors [8,9].

While many different methods have been used to meas-
ure muscle mass, only a few have been incorporated into
patients.
Computed tomography (CT), which is often used to evaluate
tumour response, has also become the gold standard for

the routine assessment regimes of cancer

assessing muscle mass and diagnosis of sarcopenia [10].
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Sarcopenic cancer patients often also suffer from inflam-
matory syndrome and metabolic disorders that can dampen
the anti-tumour immune responses [11]. Inflammatory syn-
drome, in particular, has a high impact on the response to
ICIs [12]. Therefore, the efficacy of ICls might be reduced in
low muscle mass patients. The aim of this study was to
investigate the association between low muscle mass and
clinical outcomes and toxicities in patients with metastatic
solid cancers treated with ICls.

Materials and methods
Patients

This observational retrospective cohort study was conducted
at Bordeaux University Hospital (France). Our analyses
included patients treated with ICIs for locally advanced or
metastatic solid tumours between January 2013 and
December 2017, and who had had a CT scan within four
weeks before ICIs treatment. Patients with rare cancer, such
as corticosurrenaloma, were excluded from the study.

The clinicopathological data of the patients were
extracted from the electronic health records. The following
characteristics were collected at the first treatment adminis-
tration: sex, age, cancer site, metastatic site, previous sys-
temic treatment, and PS. Modality and type of
immunotherapy were also collected: anti-PD1, anti-PDLIT,
anti-CTLAA4, ICls combination, or combination with anti-angio-
genic therapy or chemotherapy.

Immune-related severe toxicities (IrST) of included patients
were grade Ill-IV according to NCI-CTC v4.0; data of definitive
or temporary interruption of immunotherapy due to IrST, as
well as data regarding the administration of corticosteroids
>0.7mg/kg to manage IrST, were collected. The study was
conducted in accordance with the guidelines of good clinical
practice. No consent was obtained from patients, in accord-
ance with the French regulation.

Nutritional characteristics and anthropometric
measurements

Patients’ weight and height at the first ICIs administration
were collected from the medical records. Data related to
weight changes in the preceding six months for patients pre-
viously treated were also collected. The Body Mass Index
(BMI) was calculated and expressed in kg/mz. Information
regarding appetite loss, fatigue, and pain requiring step 3
intervention of the WHO analgesic ladder were also col-
lected. Moreover, blood parameters, including haemoglobin,
albumin, C-reactive protein, and Ilymphocyte count,
were recorded.

CT imaging

The CT scans were analysed using DxMM - MEDASYS soft-
ware. Fifteen CT scans were independently reviewed by one
investigator (LH) and an independent, experienced operator;
both reviewers were blinded to patient data. As the

evaluations for these 15 patients were identical between the
two observers, the subsequent evaluations were only per-
formed by LH. The total cross-sectional areas of skeletal
muscle mass were quantified from images at the third verte-
brae lumbar (L3), which contains the psoas, paraspinal
muscles (erector spinae, quadratus lumborum), and abdom-
inal wall muscles (transversus abdominus, external, and
internal obliques, rectus abdominus). The Hounsfield Unit
(HU) values were —29 to +150 HU. The ascertained unit was
the area (cm?) of total L3 skeletal muscle, which is linearly
related to whole-body muscle mass. This value was normal-
ised to the stature (L3 skeletal muscle index, cm?/m?), as this
is a common practice for BMI [13]. Low muscle mass was
defined as L3 skeletal muscle mass index (SMI) <41cm?/m?
for females and <43 cm?/m? for males if body mass index
(BMI) <25kg/m? or <53 cm?/m? if BMI > 25kg/m [14].

Endpoints

The primary endpoint of this study was progression-free sur-
vival (PFS) of metastatic solid tumour patients in relation to
low muscle mass status. Tumour evaluation was performed
according to the RECIST 1.1 criteria and the clinical evalu-
ation of an independent investigator. Secondary endpoints
were PFS and Overall Survival (OS) of metastatic lung cancer
patients in relation to low muscle mass status. OS was calcu-
lated from the date of the first ICls administration to the
date of death from any cause or the date of the last follow
up. PFS was calculated from the date of the first ICls admin-
istration to the date of death from any cause, or tumour pro-
gression (clinical or radiological). Objective Response Rate
(ORR) was calculated according to the RECIST criteria. We
also recorded information regarding IrST and rapid progres-
sion (progression within 90 days of initiation of immunother-
apy according to RECIST 1.1 criteria).

Statistical analysis

Quantitative data were presented as mean = SD, while quali-
tative data were shown as percentages. The comparisons
between different groups were performed using the chi-
square test or Fisher exact test for qualitative variables, and
Student’s t-test or Wilcoxon test for quantitative variables, as
appropriate.

Kaplan-Meier estimates of OS and PFS were calculated
and compared between groups using the log-rank test.
Variables known to affect survival were entered as covariates
into a multivariable Cox proportional hazard model. These
variables included sex, age, type of cancer, PS, line of treat-
ment, and low muscle mass for PFS; sex, age, PS, line of
treatment, tobacco exposure, brain metastasis, and low
muscle mass were taken into account for OS. The proportion-
ality of the HR over time was evaluated by plotting the log
of the cumulative hazard versus the log of time, and by test-
ing the correlation for Schoenfeld residuals with time. The
assumptions were met for the models considered.

The associations of low muscle mass with IrST and rapid
progression were estimated using multivariable logistic



regression models, adjusted for age, corticosteroid use prior
to ICls, ICls combination, history of autoimmune diseases,
and PS, and for age, corticoid use at baseline, type of cancer,
and association of treatment, respectively.

Finally, as different thresholds for low muscle mass exist
[15,16], we performed sensitivity analyses to estimate the
association between SMI as a continuous variable and all
outcomes. We tested for non-linear relationships using penal-
ised splines but none was retained and linear associations
are presented.

All statistical analyses were performed using R software
[17] with a two-sided type 1 error rate set at 0.05.

Results
Clinicopathological characteristics

A total of 261 patients were included in our analyses, the
clinicopathological characteristics of whom are presented in
Table 1. The mean age was 61 years [33; 88], and the cohort
consisted of 198 males (76%). The majority of patients had
metastatic lung cancer (69%, n=179). In most cases (82%),
the patients had previously received at least one line of
treatment. The PS was 1 in 55% of patients, while 57 patients
(22%) had a PS >2. One hundred and ninety-two (74%), 43
(16%), 3 (1%), and 23 (9%) of the patients were treated with
anti-PD1, anti-PD-L1, anti-CTLA-4, and ICls combination,
respectively. Low muscle mass at the start of treatment was
observed in 122 patients (47%). A total of 102 (39%) were
treated as a part of a clinical trial; among this population,
the prevalence of low muscle mass was 37% (n=38), while
53% (n=284) of the patients who were not part of a clinical
study had developed low muscle mass. The development of
low muscle mass at baseline was associated with worse PS
(p =0.002), lower BMI (p < 0.001), weight loss (p =0.031), and
anorexia (p=0.093). Moreover, low muscle mass patients
had lower haemoglobin levels (11.7g/dL vs. 12.3, p=0.019)
but similar albumin (36.1 mg/I vs. 37.2, p=0.110).

Outcomes

Response
The median PFS (mPFS) was 28.4weeks. The mPFS was
32.2weeks (95% Cl, 21.0-48.0) for low muscle mass patients
and 24.3 weeks (95% Cl, 18.0-35.9) for non-low muscle mass
patients (Figure 1). Multivariable analysis showed that low
muscle mass was not associated with PFS (HR, 0.80; 95% Cl,
0.60-1.055; p=0.11). Only Eastern Cooperative Oncology
Group (ECOG) PS of >1 was associated with a decreased PFS
(p=0.001; Table 2). The ORR in low muscle mass patients
was 30%, with 28% (n=34) of the patients having a partial
response (PR) and 2% (n=3) a complete response (CR). The
ORR in non-low muscle mass patients was 25%; 22% (n=30)
patients had a PR and 3% (n=4) had a CR. There was no
association between continuous SMI and PFS (HR, 1.00; 95%
Cl, 0.98-1.02; p=0.99).

The median of PFS and OS for lung cancer patients
(h=179) was 22.3 and 44.3 weeks respectively. Half of lung
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cancer patients exhibited low muscle mass (49%, n = 87). The
results of univariable and multivariable analyses for PFS and
OS in patients with lung cancer are summarised in Table 3.
The mPFS of lung cancer patients was 24.0 weeks (95% Cl,
16.4-45.1) for low muscle mass patients and 18.8 weeks (95%
Cl, 10.3-34.1) for non-low muscle mass patients. The median
OS of low muscle mass lung cancer patients and non-low
muscle mass lung cancer patients were 50.7 (95% Cl,
29.3-86.1) and 41.1 weeks (95% Cl, 28.7-62.4), respectively.
Multivariable analysis indicated that low muscle mass was
not associated with OS (HR, 0.77; 95% Cl, 0.54-1.10; p=0.15)
but was associated with PFS (HR, 0.70; 95% Cl, 0.50-0.98;
p=0.04). The other factor associated significantly with OS or
PFS was the PS (p=0.001 and p <0.001 respectively). There
was no association between continuous SMI and PFS (HR,
1.00; 95% Cl, 0.98-1.02; p=0.90) and OS (HR, 0.99; 95% Cl,
0.97-1.01; p=0.52).

Toxicity

IrST occurred in 4 (3%) and 13 (10%) of low muscle mass
and non-low muscle mass patients, respectively
(Supplementary data Table 1). Fatal myocarditis occurred in
one patient, while three patients required treatment with
immunosuppressive agents. Low muscle mass was not asso-
ciated with IrST after adjusting for (OR, 0.69; 95% Cl,
0.31-1.49; p=0.35). The only factor that was associated with
increased toxicity was the history of autoimmune diseases
(p=0.05; Table 4). There was no association between con-
tinuous SMI and IrST (OR, 1.00; 95% Cl, 0.96-1.04; p = 0.93).

Rapid progression

Ninety-one patients (35%) presented with progressive disease
(PD) in the first three months. Multivariable analysis revealed
that low muscle mass was not associated with rapid progres-
sion (OR, 0.73; 95% Cl, 0. 42-1.25; p=0.25) after adjusting
for (Supplementary data Table 2). There was no association
between continuous SMI and rapid progression (OR, 0.99;
95% Cl, 0.97-1.02; p=0.74).

Discussion

In our retrospective cohort of 261 patients treated with ICls,
we found that low muscle mass was not a significant prog-
nostic factor for PFS. Moreover, low muscle mass and non-
low muscle mass patients had similar ORR. Similar outcomes
were confirmed in lung cancer patients, who represented the
majority of cases in our cohort. Surprisingly, in the lung can-
cer patient, low muscle mass status had a favourable impact
on PFS. Intriguingly, the presence of low muscle mass was
not a risk factor for increased IrST.

Immune checkpoint inhibitors have radically changed the
outcome of several cancers [1,18-20]. PD-L1 expression on
tumour cells is currently the only validated predictive factor
for ICIs efficacy in non-small cell lung cancer [21]. Several
biomarkers are currently evaluated, including the level of
immune cell infiltration, intrinsic tumour characteristics (such
as tumour mutational burden and metabolism), or extrinsic
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Table 1. Characteristic of the patients (n=261).

Non-sarcopenic patients Sarcopenic patients Total
Baseline characteristic N=139 N=122 N=261 p
Male sex, n (%) 111 (80) 87 (71) 198 (76) 0.143
Age, Mean (SD) 61.5 (10) 62.3 (9) 61.9 (9) 0.50
Cancer site, n (%)
Head and neck 12 (9) 12 (10) 24 (9) 0.673
Lung 92 (66) 87 (71) 179 (69)
Renal 30 (22) 20 (17) 50 (19)
Bladder 5 (4) 3(3) 8 (3)
Metastatic site, n (%)
Lung 105 (76) 90 (74) 195 (75) 0.774
Liver 24 (17) 26 (21) 50 (19) 0.502
Brain 30 (22) 28 (23) 58 (22) 0.908
Bone 43 (31) 41 (34) 84 (32) 0.743
Previous treatment, n (%) 107 (76) 108 (89) 215 (82) 0.003
Performants status, n (%)
0 44 (32) 17 (14) 61 (23) 0.002
1 71 (51) 72 (59) 143 (55)
>2 24 (17) 33 (27) 57 (22)
BMI mean, SD 25 (5) 224 (4) 23.8 (5) <0.001
Underweight, BM/ < 18.5, n (%) 9 (6) 23 (19) 32 (12) <0.001
Normal, 18.5 < BM/>24.9, n (%) 74 (53) 57 (47) 131 (50)
Overweight, 25<, BM/>29.9, n (%) 26 (19) 36 (30) 62 (24)
Obese, BM/ > 30 n (%) 30 (22) 6 (5) 36 (14)
Weight loss (%)*, mean (SD) 3.5 (7.3) 5.6 (8.5) 45 (7.9) 0.031
Symptoms, n (%)
Pain 45 (32) 49 (40) 94 (36) 0.238
Appetite loss 41 (30) 49(40) 90 (34) 0.093
Asthenia 75 (54) 77 (63) 152 (58) 0.170
Corticosteroids 20 (14) 26 (21) 46 (18) 0.193
Biology, mean (SD)
Albumin (mg/l) 37.2 (4.9) 36.1 (5.8) 36.7 (5.4) 0.102
CRP (mg/l) 55.7 (58) 59.7 (55.2) 57.3 (56.7) 0.730
Haemoglobin (g/dl) 123 (2) 11.7 (2) 12.1 (2.0) 0.019
Lymphocytes (G/L) 1.4 (0.8) 13 (0.7) 1,3 (0.8) 0.549

BMI: Body mass index.
*Weight loss: weight changes in the preceding six months.

o/ J
100% Muscle mass
= = Normal

5 — Low
= 75%
c
35
"
(O]
o
T 50%
Ke)
(/)]
[72]
o
[@)]
O  25%H
o

0%

0 100 200 300
Weeks
a2 Number at risk
©
gNormal 139 35 13 0
S Lowq 122 28 10 0
2 0 100 200 300
Weeks

Figure 1. Kaplan-Meier plot of progression-free survival for low muscle mass and non-low muscle mass patients for all patients (N =261 patients).



Table 2. Factors associated with progression-free survival for all patients -
multivariable Cox model (N =261 patients).

Hazard ratio [95% Cl] P
Sarcopenia 0.80 [0.60; 1.055] 0.11
Female sex 1.2 [0.87; 1.64] 0.28
Cancer 0.028
Renal cancer 1
Head and neck 2 [1.17; 3.42]
Bladder 2.55 [1.13; 5.75]
Lung 1.49 [0.99; 2.23]
Performants status 0.001
0 1
1 1.19 [0.82; 1.73]
>1 2.32 [1.47; 3.65]
Age 0.66
<70 1
>70years 1.08 [0.76; 1.55]
Line of treatment 0.70
<2 1
>2 1.02 [0.66; 1.58]

Table 3. Factors associated with Progression-Free Survival and Overall Survival
in lung cancer patients — multivariable Cox model (N=179).

PFS 0s
Hazard ratio [95% Cl] P

Hazard ratio [95% CI] P

Sarcopenia 0.70 [0.50; 0.98] 0.04 0.77 [0.54; 1.10]  0.15
Female sex 1.19 [0.83; 1.70] 0.35 1.17 [0.80; 1.73]  0.42
PS <0.001 0.001
0 1 1
1 0.97 [0.58; 1.65] 1.29 [0.72 ;2.31]
>1 2.31 [1.29; 4.13] 3.67 [1.96; 6.88]
Age 0.17 0.24
<70years 1 1
>70years 1.34 [0.88; 2.04] 1.30 [0.84; 2.02]
Line of treatment 0.37 0.70
1 1 1
2 0.67 [0.36; 1.22] 1.54 [0.79;3.0]
>2 0.89 [0.46; 1.71] 0.80 [0.53;1.22]
Tobacco* 0.73 [0.49; 1.09] 0.12 0.73 [0.49; 1.09]  0.12
Brain metastasis 1.16 [0.80; 1.70] 0.43 1.16 [0.80; 1.70] 0.43

*Tobacco define as smokers, pas smokers >10 packet/years.

Table 4. Factors associated with immune-related severe toxicities for all
patients — Multivariable Cox model (n =261).

OR [95% Cl] p

Sarcopenia 0.69 [0.31; 1.49] 0.35
Age

<70years 1

>70years 2.74 [1.15; 6.31] 0.02

Corticosteroid use, yes vs. no 0.73 [0.20; 2.14] 0.60

ICIs-ICls, yes vs. no 1.68 [0.55; 4.50] 0.33

History of auto immune disease, yes vs. no 4.73 [0.90; 21.10] 0.05
PS

0 1 0.21

1 0.73 [0.31; 1.77]

>2 0.32 [0.07; 1.14]

ICls-ICls: association of double immune checkpoint inhibitors.

factors (such as microbiota) [12,22]. Tumour metabolism can
have a great impact on the function of T lymphocytes and
other immune cells [23]. For example, Indoleamine 2,3-dioxy-
genase (IDO) expression by tumour cells results in trypto-
phan depletion in the tumour microenvironment, hampering
T cell function [24,25]. The metabolic reprogramming often
observed in patients with cachexia or low muscle mass
could, therefore, affect the immune system and impair anti-
tumour immune response, hampering the efficiency of ICls.
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Previous studies have evaluated the relationship between
nutritional status and the efficacy of anticancer therapies.
Albiges et al. demonstrated that high BMI (>25kg/m?) was
associated with improved OS and PFS for patients with meta-
static renal cell carcinoma treated with targeted therapies
[26]. Ichiara et al. evaluated the significance of BMI on ICls
efficacy in patients with metastatic lung cancer [27]. For
patients with high expression of PD-L1 (>50%) and who had
received pembrolizumab as a first-line treatment, there was
no significant difference in the PFS and OS between patients
with high and low BMI. However, for patients treated with
pembrolizumab as subsequent line treatment, patients with
high BMI had a significantly longer PFS and OS. In a melan-
oma cohort, McQuade et al. demonstrated the role of BMI in
male patients treated with ICls for metastatic melanoma [28].
However contradictory data have been published by Boi
et al. [29] who find that obesity is associated with diminished
efficacy of anti-PD-1-based therapies in renal cancer, due in
part to increased inflammatory IL-1.

To our knowledge, our cohort was one of the first to eval-
uated ICls and low muscle mass in the non-obesity patient.
In our cohort, 50% of patients have BMI lower than 25 kg/m?
contrary to Young et al. which this population represented
25% [30]. In this retrospective cohort, the authors showed
that total adipose tissue index was associated with decreased
response rate and PFS among women. Patients with higher
muscle and low or intermediate fat have a better outcome
than obese sarcopenia patients (high fat/low muscle). These
data are contrary to our study. In our cohort, low muscle
mass and non-low muscle mass patients had a similar
median PFS and ORR, suggesting that the presence of low
muscle mass did not affect the efficacy of ICls. In lung cancer
patients, we found statistical differences in mPFS between
low muscle mass and non-low muscle mass patients.
Contrary Roch et al. described a negative effect of sarcopenia
and cachexia for lung cancer patients treated with ICls [31].
However, Roch et al. used different criteria for low muscle
mass, which might also explain different results. We analysed
the association between SMI as a continuous variable and all
outcomes and we did not find any association.

Multivariable analysis showed that PS was the only factor
that was significantly associated with mPFS. Recently Khaki
et al. evaluated the impact of PS on ICls treatment in urothe-
lial cancer patients in a retrospective study [32]. They found
that patients with poor PS had a similar ORR to patients with
higher PS for each line of treatment. However, patients with
PS 0-1 had a longer OS than patients with PS >1 when ICls
was administrated as a first-line treatment (mOS, 15.2 vs.
7.2 months; HR, 0.62; p=0.01); this was not the case when
ICIs was given in subsequent lines (mOS, 9.8 vs. 8.2 months;
HR, 0.78; p=0.27). Hyperprogressive disease (HPD) is a con-
dition that has been described in patients treated with ICls.
In our study, although we did not measure hyperprogression
as a treatment outcome, we recorded patients with rapid
progression (<3 months). We found no significant differences
in this outcome between the two arms.

For patients treated with chemotherapy (cisplatinum,
taxan, or anthracycline) sarcopenia has been correlated with
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increased toxicity [6,33]. Huillard et al. demonstrated that
patients with BMI <25 treated with sunitinib for metastatic
clear cell carcinoma experienced increased toxicity [8].
Similar results were shown in patients treated with sorafenib
[34,35]. The rate of IrST reported in the present study is simi-
lar to that reported by the majority of clinical trials with ICls,
which have shown that approximately 10% of the patients
develop grade >3 side effects [36]. The safety profile of ICls
was similar in low muscle mass and non-low muscle mass
patients. Nevertheless, due to the retrospective nature of our
data, we were not able to compare differences in low toxicity
(grade 1-2), which are the major side effects caused by ICls.
Revel et al. found that, in a retrospective cohort of 115
patients treated with ICls for renal and lung cancer, more
low muscle mass patients experienced severe toxicity com-
pared to non-low muscle mass patients (12.5% vs. 1.5%) [37].
Similarly, in a cohort of 78 patients with metastatic non-
small-cell lung carcinoma (NSCLC), grade 3-4 toxicities were
more frequent in low muscle mass patients than in non-low
muscle mass patients (15% vs. 0%) [38]. However, as the
cohort sizes were small, these results need to be interpreted
with caution. Recently Hirsch et al. analysed the impact of
body composition in a retrospective cohort of 92 lung cancer
patients treated with nivolumab; forty-five (51.7%) of the
patients were sarcopenic. The occurrence of immune-related
grade 3 or 4 toxicities, or any toxicity leading to treatment
discontinuation, occurred in 19 patients (21%), 76.5% of
whom were sarcopenic [39]. After adjusting for age, gender,
BMI, CRP, PS, and tumour type, sarcopenia was the only par-
ameter associated with an increased risk of severe toxicity
(OR, 3.84; 95% Cl, 1.02-14.46; p=0.047). However, due to
the small size of this cohort, this result must be interpreted
with caution. The immune toxicity for patients with low
muscle mass seems unclear. However, due to the low toxicity
rate and a similar outcome in patients with low and non-low
muscle mass as found in the present study, the benefice is
to treat patients with immune checkpoint inhibitors even
patients with low muscle mass.

Our study has several limitations. First, it was a retrospect-
ive and monocentric cohort with heterogeneous patients.
Our cohort included patients with different tumour types,
with different outcomes and complications. However, we
found no differences in efficacy or toxicity between low
muscle mass and non-low muscle mass patients who had dif-
ferent tumour types (data not shown). Moreover, our cohort
included patients treated in the context of a clinical trial and
patients who were not part of a clinical study. Interestingly,
31% of the patients included in clinical trials were sarco-
penic. Of note, only a small number of lung cancer patients
were involved in clinical trials. Another limitation is that our
study did not assess the differences in low toxicity (grade
<2). Moreover, due to the observational and retrospective
nature of our study, we could not exclude residual confound-
ing and bias due to differences in characteristics and care
between low muscle mass and non-low muscle
mass patients.

In conclusion, our study did not show significant differen-
ces in efficacy and toxicity for low muscle mass and non-low

muscle mass patients receiving ICls. In contrast to chemo-
therapy or tyrosine kinase inhibitors (TKI), ICls could be used
for low muscle mass patients without the risk of increased
toxicity. However, nutrition is an important point for the
treatment of patients with cancer and sarcopenia cancer
patients should be detected with the rapid test as Minimal
Nutrion Assesment (MNA) and all patients (except end of life
care) should receive adapted nutrition (eventually with par-
enteral nutrition) and nutritional care should be accompa-
nied by exercise training [40]. Interestingly, our findings
highlighted PS as an important factor that predicts ICls treat-
ment efficacy.
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