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Abstract
Sarcopenia represents one of the hallmarks of all chronic disease, including nonsmall cell lung cancer (NSCLC). A computed tomography scan is an easy modality to estimate the skeletal muscle mass through cross-sectional image analysis at
the level of the third lumbar vertebra (L3). Baseline skeletal muscle mass (SMM)
was evaluated using gender-speciﬁc cutoffs for skeletal muscle index in NSCLC
patients administered immunotherapy with nivolumab to evaluate its possible
correlations with clinical outcomes. From April 2015 to August 2018, 23 stage IV
NSCLC patients were eligible for image analysis. Nine patients (39.1%) had low
SMM. Among patients with baseline low and non-low SMM, median progression
free survival was 3.1 and 3.8 months, respectively (P = 0.0560), while median
overall survival was 4.1 and 13 months, respectively (P = 0.2866). This
hypothesis-generating preliminary report offers the opportunity to speculate
about the negative inﬂuence of sarcopenia on immune response. In our opinion,
nutritional status could affect the clinical outcomes of immunotherapy, even if
we cannot make deﬁnitive conclusions here. Further studies on the topic are
required.

Introduction
Sarcopenia is a condition that causes the loss of muscle mass
and decreased muscle power. It is a para-physiologic event
that occurs during aging, but represents one of the hallmarks
of all chronic disease, including cancer. Sarcopenia develops
in approximately 50% of advanced cancer patients and is
related to malnutrition, inﬂammation, and treatments. It creates a “vicious circle” that negatively affects most clinical outcomes, such as toxicity and survival.1 A recent study reported
that 55.8% of resected non-small cell lung cancer (NSCLC)
patients present with sarcopenia,2 indicating that things could
be worse in the metastatic setting.

Almost every NSCLC patient undergoes a routine computed tomography (CT) scan during the staging and evaluation of disease. It is well known that a CT scan is an easy
modality to estimate the skeletal muscle mass (SMM) in
clinical practice, with cross-sectional image analysis at the
level of the third lumbar vertebra (L3) as a standard
landmark.1
The interactions between malnutrition, cachexia, and
inﬂammation have been widely investigated but remain a
matter of debate.3 What seems clear is that a nutritional
assessment, which should include an SMM evaluation,
could be seen in a new light after the advent of immune
checkpoint inhibitors (ICIs). Indeed, a recent study

Thoracic Cancer 10 (2019) 347–351
© 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd
347
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited and is not used for commercial purposes.

A. Cortellini et al.

Sarcopenia in NSCLC

reported that overweight sarcopenic melanoma patients
experience more early acute limiting toxicity with anti-PD1 checkpoint inhibitors.4
In a cohort of 81 advanced NSCLC patients treated with
ﬁrst-line chemotherapy, we recently found that baseline low
SMI was also an independent predictor of shorter
progression-free survival (PFS).5 In that study, we performed
subgroup analysis evaluating SMM at different time points.
Herein, we present a preliminary analysis performed on
NSCLC patients in the above-mentioned cohort5 with
available CT scans at the start of second-line treatment
with single agent nivolumab.

and non-squamous) with available imaging assessment
(CT or positron emission tomography-CT) performed
before commencing treatment (no more than three months
earlier). All patients provided written informed consent of
the proposed treatment options. The procedures followed
were in accordance with the precepts of Good Clinical
Practice and the ethical standards of the local responsible
committee on human experimentation (Comitato Etico per
le province di L’Aquila e Teramo).

Methods

Muscle mass was measured within CT images. Axial
images of the abdomen were analyzed in a workstation
using OSIRIX-Lite software V5.0 (Pixmeo, Sarl, Switzerland) by a single, trained observer blinded to patient outcomes. L3 with both transverse processes visible was
chosen as the standard landmark. Skeletal muscle was
quantiﬁed based on Hounsﬁeld unit (HU) thresholds (−29
to +150) and SMM was evaluated using the skeletal muscle
index (SMI, cm2/m2) for each patient. SMI was calculated
by dividing the total cross-sectional skeletal muscle area
(TMA - cm2) at the level of lumbar vertebra L3 by squared
height because TMA is linearly related to whole body muscle mass. TMA was computed for each patient with semiautomated speciﬁc tissue demarcation of the muscles in
the L3 region (psoas, paraspinal, and abdominal wall muscles, excluding visceral organs). If other structures apart
from those constituting TMA were automatically marked,
they were eliminated by manual correction. To deﬁne low
and non-low SMM we used gender-speciﬁc, body mass
index (BMI)-incorporated, cutoff values of SMI (< 43 cm2/
m2 for men with BMI < 25, <53 cm2/m2 for men with
BMI ≥ 25, and < 41 cm2/m2 for women).7

Study design
This is a retrospective observational analysis of stage IV
NSCLC patients without common actionable biomarkers
(EGFR mutations, ALK translocations, or PD-L1 ≥ 50%
expression), treated with second-line nivolumab (3 mg/kg
every two weeks) in clinical practice. The aim of this study
was to evaluate the correlations between baseline SMM
(categorized as low SMM and non-low SMM) and the following clinical outcomes: immune-related adverse events
(irAEs) of any grade, G3/G4 irAEs, objective response rate
(ORR), PFS, and overall survival (OS). ORR was deﬁned as
the portion of patients experiencing an objective response
(complete response [CR] or partial response [PR]) as the
best response to treatment. PFS was deﬁned as the interval
between treatment initiation and disease progression or
death from any cause; OS as the interval between the
beginning of treatment and death from any cause; and
irAEs as AEs with an immunological basis. AEs were
graded according to the National Cancer Institute Common Toxicity Criteria for Adverse Events version 4.0 and
cumulatively reported as crude incidence. Responses were
evaluated using Response Evaluation Criteria in Solid
Tumors version 1.1.6 Fisher’s exact tests were used to correlate incidences of irAEs with baseline SMM. Median PFS
and median OS were evaluated using the Kaplan–Meier
method. The median follow-up period was calculated
according to the reverse Kaplan–Meier method. Logrank
tests were used to compare median PFS and median
OS. The data cutoff period was August 2018. All statistical
analyses were performed using MedCalc Statistical Software version 18.2.1 (MedCalc Software bvba, Ostend,
Belgium; http://www.medcalc.org; 2018).

Anthropometric measurements and image
analysis

Results
Patient features
From April 2015 to August 2018, 23 stage IV NSCLC
patients treated with single agent nivolumab were eligible
for image analysis. Nine (39.1%) patients had baseline low
SMM. The patients’ clinical features are summarized in
Table 1. PD-L1 immunohistochemistry expression was only
available in four patients – two were positive and two were
negative – distributed equally among patient subgroups.

Clinical outcome analysis
Patient eligibility and ethical aspects
Patients were eligible if they had a histologically conﬁrmed
diagnosis of measurable, stage IV NSCLC (both squamous
348

Thoracic Cancer 10 (2019) 347–351

ORR was 18.2% (95% conﬁdence interval [CI] 4.9–46.5;
4 PR out of 22 evaluable patients). Among patients with
low and non-low SMM, ORRs were 25% (95% CI 3.0–90.3;
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Table 1 Patient features
Features

Number (%)

Patients
Gender
Male
Female
Age
Median (range)
Non elderly (< 70 years)
Elderly (≥ 70 years)
ECOG PS
0
1
2
Histological subtype
Squamous cell carcinoma
Non-squamous cell carcinoma
Sites of metastasis
≤2
>2
Weight (kg)
Median (range)
BMI (kg/m2)
Median (range)
Underweight (BMI ≤ 18.5),
Normal weight (18.5 < BMI ≤ 24.9)
Overweight (25 < BMI ≤ 29.9)
Obese (BMI ≥ 30)
Lumbar skeletal muscle index (cm2/m2)
Median
Range
Baseline low SMM

23 (100)
18 (78.2)
5 (21.8)
67 (41–82)
14 (60.9)
9 (39.1)
7 (30.4)
9 (39.2)
7 (30.4)
10 (43.5)
13 (56.5)
8 (34.8)
15 (65.2)

At the median follow-up of 15.7 months, the median
PFS and OS were 3.3 months (95% CI 2.8–5.0; 21 events)
and 12.5 months (95% CI 4.1–14.6; 9 censored patients),
respectively. In patients with low SMM, the median PFS
and OS were 3.1 months (95% CI 1.4–3.4; 9 events) and
4.1 months (95% CI 1.5–6.6; 3 censored), respectively
(Fig 1). In patients with non-low SMM, the median PFS
and OS were 3.8 months (95% CI 2.8–14.0; 12 events) and
13 months (95% CI 4.7–14.5; 6 censored), respectively
(Fig 1). Despite trends of longer median PFS and median
OS in favor of patients with non-low SMM, no statistically
signiﬁcant differences were observed (P = 0.0560 and
P = 0.2866, respectively).
Overall, 14 patients (60.9%) experienced irAEs of any
grade: 3 (33.3%) patients with low SMM and 11 (78.6%)
with non-low SMM (P = 0.0771). Overall, 2 patients
(8.7%) experienced G3/G4 irAEs. None of the patients with
low SMM experienced G3/G4 irAEs, while 2 (14.3%)
patients with non-low SMM experienced G3/G4 irAEs.

76 (50–120)
27.3 (19.1–45.2)
0
8 (34.8)
8 (34.8)
7 (30.4)

Discussion

2 PR out of 8 evaluable patients) and 14.3% (95% CI
1.7–51.6; 2 PR out of 14 evaluable patients), respectively,
without signiﬁcant difference (P = 0.6019).

Despite the absence of statistical signiﬁcance, the median
PFS and OS appear decidedly longer among patients with
non-low SMM compared to those with low SMM.
Looking to these ﬁndings, we must take into account the
small sample size. Furthermore, to conduct an appropriate
evaluation, we should have considered all other covariates,
which surely affect clinical outcomes and body composition itself, such as age, performance status, histological
subtype, and disease burden. On the other hand, the differences in survival rates between the subgroups seem to us
so impressive that with a bigger sample size, statistically
signiﬁcant differences would emerge. Interestingly, our
ﬁnding of a higher incidence of irAEs of any grade in

a

b

46.7
(34.6–74.9)
14 (60.9)

BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group
performance status; SMM, skeletal muscle mass.
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Figure 1 Kaplan–Meier survival analysis: log-rank test for (a) progression-free survival and (b) overall survival according to skeletal muscle mass
(SMM) levels. SMM (
) non-low and (
) low.
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patients with non-low SMM is consistent with recent
reports that described signiﬁcant associations between
irAEs and a greater beneﬁt with anti-PD-1/PD-L1
treatments.8,9
We cannot make any deﬁnitive conclusions, but only
some speculative reﬂections on how nutritional status and
body composition could affect the immune response and
clinical outcomes of ICI treatments. Some authors have
already speculated about the negative inﬂuence that alterations in body composition of sarcopenic patients could
have on declining immunity.10 A recent article further clariﬁed that skeletal muscle cells actively modulate immune
response in health and disease, particularly autoimmune
diseases.11 Indeed, they interact with immune cells like
non-professional antigen presenting cells, expressing major
histocompatibility complexes I and II and affecting T cell
function.11
Moreover, skeletal muscle tissue could be an important
IL-15 producer, which is necessary for natural killer
(NK) cell function and homeostasis.12 When muscle wasting is combined with elevated inﬂammatory cytokines
(as occurs in cancer patients), we presume that it affects
NK cell numbers and survival. In support of this possible
role of IL-15, a recent preclinical study reported an
increase in NK cell activation, with trans-presentation of
IL-15 with an IL-15/IL-15Rα messenger RNA (the α portion of the IL-15 receptor) engineered human dendritic
vaccine.13 The role of NK cells in lung malignancies is still
a matter of debate, but it is surely of clinical relevance,14
particularly when looking at new treatment options, such
as ICIs. Agents blocking the PD-1/PD-L1 pathway might
enhance the cytotoxic action of activated NK cells, which
express PD-1 in the tumor site.15
Very few studies have investigated the possible predictive role of sarcopenia for immunotherapy with ICIs. Some
experiences have focused on safety, showing that sarcopenic melanoma patients are more likely to experience
irAEs.4,16 A large cohort study proposed a prognostic score,
also based on SMM, which independently predicts survival,
in patients with various malignances, treated with anti PD1/PD-L1 agents.17
Surely, the vicious circle of chronic inﬂammation and
malnutrition in cancer patients affects the immune
response. From this point of view, the advent of ICIs could
represent a revolution for therapeutic algorithms but also
conﬁrms the relevance of nutritional assessment of every
patient at baseline.
The sample size of our study does not allow any consideration, but these preliminary results led us to plan a multicenter study of NSCLC patients treated with anti-PD-1
agents, with centralized evaluation of SMI in order to better deﬁne the possible impacts of sarcopenia on clinical
outcomes with immunotherapy in NSCLC patients.
350
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This hypothesis-generating preliminary report offers the
opportunity to speculate on the inﬂuence of nutritional status and sarcopenia on immune response, suggesting these
factors could affect treatment with nivolumab. Further
studies are required and our next multicenter study will try
to answer to some of the open questions on this topic.
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