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Skeletal muscle mass pre
dicts the outcome of
nivolumab treatment for non-small cell lung
cancer
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Abstract
Nivolumab, amonoclonal antibody targeting programmed cell death-1, significantly prolongs survival for patients with advanced non-
small-cell lung cancer (NSCLC). However, little is known about the value of predictive biomarkers. Hence, we investigated the impact
of skeletal muscle (SM) mass loss on clinical outcomes in NSCLC patients undergoing nivolumab treatment. Thirty patients with
histologically confirmed NSCLC treated with nivolumab were included in this study. Computed tomography was used to determine
SM loss based on the SM index (SMI). The SMI is the cross-sectional area of the bilateral psoas muscles at the third lumbar vertebra,
divided by height squared. The cut-off values were defined as 6.36cm2/m2 for men and 3.92cm2/m2 for women. Among the 30
patients, 13 (43%) had SM loss. There was no significant association between SM loss and immune-related adverse events. The SM
loss group had undergone significantly more prior chemotherapy cycles (P= .04). SM loss was significantly associated with fewer
nivolumab cycles (P= .01). No patients in the SM loss group achieved a partial response. Patients with SM loss had a significantly
shorter progression-free survival period (P= .008) and median overall survival than those with normal SM mass (10 vs 25 months,
respectively, P= .03). SM loss was an independent prognostic factor of poor survival. In conclusion, SM loss may be a predictive
factor of poor outcomes in NSCLS patients undergoing nivolumab therapy.

Abbreviations: CI = confidence interval, CT = computed tomography, ECOG = Eastern Cooperative Oncology Group, IL =
interleukin, irAEs = immune-related adverse events, L3 = third lumbar vertebra, NSCLC = non-small-cell lung cancer, OS = overall
survival, PD-1= anti-programmed cell death-1, PD-L1= anti-programmed cell death-ligand 1, PFS= progression-free survival, PR=
partial response, SM = skeletal muscle, SMI = skeletal muscle index.
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1. Introduction

Lung cancer is the leading cause of cancer-related death
worldwide, often because patients frequently present with
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advanced stages of the disease. Non-small-cell lung cancer
(NSCLC) accounts for approximately 85% of all lung cancers,[1]

and systemic therapy is generally indicated for patients with
advanced or metastatic NSCLC. Recently, immune checkpoint
inhibitors, such as anti-programmed cell death-1 (PD-1)
antibodies and anti-programmed cell death-ligand 1 (PD-L1)
antibodies, have improved clinical outcomes for a subset of
patients with advanced NSCLC.[2–5] Nivolumab, a monoclonal
antibody targeting PD-1, prolonged the overall survival (OS) of
previously treated patients with advanced NSCLC compared to
docetaxel in 2 independent phase III studies.[2,3]

Previous studies have demonstrated that the positive expres-
sion of PD-L1 on tumor cells was a significant biomarker to
predict favorable outcomes of anti-PD-1 treatment.[2,4] However,
the role of PD-L1 expression as a predictive biomarker of the
response to nivolumab treatment remains controversial.[6]

Although some patients fail to respond to nivolumab treatment
despite positive PD-L1 expression, others benefit clinically
regardless of negative PD-L1 expression. Although nivolumab
has some benefits for advanced NSCLC patients, little is known
regarding the value of predictive biomarkers in NSCLC with the
use of nivolumab. Therefore, reliable biomarkers are necessary to
predict the response to nivolumab treatment.
Sarcopenia is defined by the progressive and generalized loss of

skeletal muscle (SM) mass and strength.[7] Recently, sarcopenia
was identified as a potential new predictor of morbidity and
mortality after surgery for several cancers. Among patients with
NSCLC, the incidence of sarcopenia is reportedly 47%,[8] and the
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loss of SM mass is a significant contributor to morbidity and
OS.[9] However, the prognostic significance of SM mass in
patients undergoing immunotherapy is unclear. Therefore, this
study aimed to determine the correlation between the loss of SM
mass and clinical outcomes of nivolumab for the treatment of
advanced NSCLC.

2. Materials and methods

2.1. Patient population

The medical records of all patients with histologically confirmed
NSCLC treated with nivolumab at the Gunma University
Hospital between January 2016 and December 2017 were
retrospectively reviewed. The inclusion criteria were stage IIIB/IV
NSCLC or recurrent NSCLC, candidates for nivolumab
treatment after initial chemotherapy, age ≥20 years, an Eastern
Cooperative Oncology Group (ECOG) performance status of 0
to 2, and adequate hematologic, hepatic, and renal functions. The
Ethics Committee of Gunma University Hospital approved the
study protocol, and all clinical samples were used in accordance
with institutional guidelines and the Declaration of Helsinki,
after obtaining signed informed consent from all participants
(approval no. 1404). The present study includes the patients’
information from our previous study.[10,11]
2.2. Treatment and data collection

Nivolumab was administered intravenously at a dose of 3mg/kg
every 2 weeks per the manufacturer’s guidelines. The baseline
clinical and demographic characteristics and treatment-related
details of all patients were collected. Safety was assessed by
evaluating the incidence of immune-related adverse events
(irAEs).
The clinical response to nivolumabwas evaluated by computed

tomography (CT) and assessed by investigators per the RECIST
criteria, version 1.1.[12] Progression-free survival (PFS) was
defined as the period from the date of initial nivolumab
administration until the date of documented disease progression
or death from any cause. OS was defined as the period from the
date of initial nivolumab administration to the date of death from
any cause.
2.3. Image analysis and definition of SM loss

SM loss was determined using the SM index (SMI). All patients
underwentCTassessmentwithin 30days before receivinganti-PD-
1 treatment. The cross-sectional area of the bilateral psoas muscles
at the third lumbar vertebra (L3)wasmeasured bymanual tracing.
The SMI was measured and a cut-off value was determined, in
accordance with a previous report,[13] as follows: SMI = cross-
sectional area of the bilateral psoas muscles/height2 (cm2/m2). The
SMI cut-off valueswere defined as 6.36cm2/m2 formales and 3.92
cm2/m2 for females.[13] SM loss was defined based on these cut-off
values, and the patients were classified accordingly.
2.4. Immunohistochemistry

We investigated serial sections that consisted of the resected
surgical specimens and needle biopsies. We obtained 26 serial
sections for PD-L1 because the cancer part of each serial section
was depleted during the process of cutting. All specimens were cut
into 4-mm thick sections and were mounted onto glass slides. All
2

sections were deparaffinized in xylene, rehydrated, and incubated
with fresh 0.3% hydrogen peroxide for 30minutes at room
temperature to block endogenous peroxidase activity. After
rehydration with a graded series of ethanol, the sections were
then heated in boiled water and in Immunosaver (Nishin EM,
Tokyo, Japan) at 98 to 100°C for 45minutes, and PD-L1 was
retrieved using Universal Heat Induced Epitope Retrieval (HIER)
antigen retrieval reagent (Abcam, ab208572, Tokyo, Japan) at
120°C for 20minutes in an autoclave. Nonspecific binding sites
were blocked by incubation with Protein Block Serum-Free
(Dako, Carpinteria, CA) for 30minutes. The sections were then
incubated with the primary antibody (diluted by Dako REAL
antibody diluent) overnight at 4°C. PD-L1 (Cell signaling,
E1L3N Rabbit mAb, 1:200 dilution) was used. The Histofine
Simple Stain MAX-PO (Multi) Kit (Nichirei, Tokyo, Japan) was
used as the secondary antibody. Chromogen 3,3-diaminobenzi-
dine tetrahydrochloride was applied as a 0.02% solution in 50
mM ammonium acetate-citrate acid buffer (pH 6.0) containing
0.005% hydrogen peroxide. The sections were lightly counter-
stained with hematoxylin and mounted.
The tissue sections were evaluated by 2 independent evaluators

who were blinded to the patient data. The expression of PD-L1
was classified using a semiquantitative scoringmethod: 1=<1%,
2= 1% to 5%, 3= 5% to 10%, 4= 10% to 50%, and 5=>50%
of cells were positive. Tumors with a score of greater than 3 were
considered positive.[14]
2.5. Statistical analysis

Categorical variables were assessed using the Fisher exact test. The
Mann–Whitney U test was used to analyze continuous variables.
OSwas computed using the Kaplan–Meier method and compared
using the log-rank test. Prognostic factors were examined by
univariate and multivariate analyses using Cox proportional
hazard model. The results were considered statistically significant
at P< .05, and all statistical analyses were performed using JMP
Pro 14 software (SAS Institute, Cary, NC).
3. Results

3.1. Patient characteristics

The demographic characteristics of all 30 patients included in this
study are presented in Table 1. There were 23 male (77%) and 7
female (23%) patients with a median age of 67 (range, 47–82)
years. The median body mass index (BMI) was 21.9 (range, 18.0–
27.4). Four patients (13%) had an ECOG performance status (PS)
of 2. Twenty-four patients (80%) were diagnosed with adenocar-
cinoma. Five patientswere diagnosedwith stage IIINSCLCand 11
with stage IV. Fourteen patients had recurrence after surgery.
Based on the SMI definition, 13 (43%) patients were allotted to

the SM loss group and 17 (57%) to the normal SM mass group.
Table 2 shows a comparison of the demographic and clinical
characteristics between the 2 groups. There were no significant
differences in age, sex, BMI, smoking status, or histology between
the 2 groups. The SM loss group had undergone significantly
more prior chemotherapy cycles (P = .04). No statistically
significant associations were observed between SM loss and
blood data of albumin, lymphocytes, and C-reactive protein
levels. Additionally, no statistically significant association was
observed between SM loss and irAEs (P=1.00). Patients with SM
loss received significantly fewer nivolumab cycles (P= .01).



Table 1

Patient characteristics.

Factors Patients (N=30)

Age, yr 67 (47–82)
Sex (male/female) 23/7
Body mass index, kg/m2 21.9 (18.0–27.4)
Performance status
0 2
1 24
2 4

Diagnosis
Adenocarcinoma 24
Squamous 5
Other 1

Disease stage
III 5
IV 11
Postoperative recurrence 14

Skeletal muscle loss
Absent 17
Present 13

Continuous data are expressed as the median (interquartile range).

Table 3

Clinical response and skeletal muscle loss.

Clinical
response

Normal muscle mass
group (N=17)

Skeletal muscle loss
group (N=13) P-value

PD 11 13 .02
PR 6 0

PD=progression, PR=partial response.
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The association between the number of prior chemotherapy
cycles and SM was investigated. Before nivolumab treatment, 17
patients were treated with 1 or 2 chemotherapy regimens,
whereas 13 patients received 3 or more. SM loss was identified in
23.5% (4 of 17) of patients who had been treated with 1 or 2
chemotherapy regimens and in 69.2% (9 of 13) of patients who
received 3 or more. SM loss was significant in patients who had
been treated with 3 or more chemotherapy regimens (P= .02).
3.2. Association between SM loss and clinical response

Among the 30 patients, 6 (20%) achieved a partial response (PR).
No patients in the SM loss group achieved a PR, demonstrating a
Table 2

Clinical characteristics and skeletal muscle loss.

Variable

Normal muscle
mass

group (N=17)

Skeletal muscle
loss

group (N=13) P-value

Age, yr 67 (48–80) 66 (47–82) 1
Sex 1.00
Male 13 10
Female 4 3

Body mass index, kg/m2 21.6 (18.5–24.4) 22.6 (18.0–27.4) .34
Histology .54
Adenocarcinoma 13 11
Squamous 3 2
Other 1 0

Prior chemotherapy lines 1 (1–8) 3 (1–8) .04
∗

Blood analysis
Albumin, g/L 3.8 (3.3–4.4) 3.5 (2.9–5.1) .23
Lymphocytes, m/L 1170 (680–2310) 1210 (636–4320) .76
C-reactive protein, mg/dL 0.2 (0.03–4.5) 0.4 (0.05–6.5) .57
irAE 1.00
Absent 14 11
Present 3 2

Cycles of nivolumab 15 (2–65) 5 (1–19) .01
∗

Continuous data are expressed as the median (interquartile range).
irAE= immune-related adverse event, SD= standard deviation.
∗
P< .05.
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significant association between SM loss and clinical response
(P= .02) (Table 3). Furthermore, the association between the
number of prior chemotherapy cycles and clinical response to
nivolumab was investigated. Among the 6 patients who achieved
a PR, 2 patients had been received 3 or more chemotherapy
regimens before nivolumab treatment. There was no correlation
between prior chemotherapy cycles and clinical response
(P= .67).
3.3. Association between SM loss and prognosis

Figure 1 illustrates the prognostic significance of SM loss. Patients
with SM loss had a significantly shorter median PFS than those
with normal SM mass (2.8 vs 7.5 months, respectively, P= .008;
Fig. 1A). Moreover, patients with SM loss had a significantly
shorter median OS than those with normal SM mass (10 vs 25
months, respectively, P= .03; Fig. 1B).

3.4. Univariate and multivariate survival analyses

The univariate analysis revealed that smoking history (P= .02)
and SM loss (P= .01) were significantly associated with PFS. The
multivariate analysis revealed that smoking history and SM loss
(risk ratio=2.85; 95% confidence interval=1.21–6.71; P= .02)
were independent prognostic indicators of poor PFS (Table 4).
Moreover, SM loss was significantly associated with OS (P= .04,
Table 5).
4. Discussion

This report focused on the impact of SMmass on the outcomes of
NSCLC patients treated with nivolumab. The present study
revealed, for the first time, significant associations between SM
loss and shorter PFS and OS rates for patients with advanced
NSCLC undergoing nivolumab treatment. SM loss was an
independent prognostic factor of PFS. These findings emphasize
the importance of assessing SM mass and identified SM loss as a
predictive factor for nivolumab therapy.
Nivolumab treatment has improved the survival of patients

with advanced NSCLC. However, relatively few patients fail to
respond to this treatment regimen. Response to anti-PD-1
therapy, such as nivolumab, has been predicted by several
internally consistent markers.[15] The pre-therapy presence of
CD8 tumor-infiltrating lymphocytes at the invasive tumormargin
and PD-L1 expression are potential biomarkers of the response to
anti-PD-1 therapy.[16] In addition, tumors with a high mutation
burden are more likely to achieve a clinical response.[17] These
findings occur because more neoantigens can lead to increased
anti-PD-1 activity and may enhance the antitumor immune
response.[18–20] Furthermore, an interferon-g gene signature is
correlated with the response to anti-PD-1 therapy.[21] For these
reasons, the presence of tumor-reactive T cell infiltration is
important for a response to anti-PD-1 therapy.

http://www.md-journal.com


Figure 1. Kaplan–Meier plots showing PFS and OS according to SM mass. (A) PFS was significantly shorter (P= .008) among those with SM loss than among
those with normal SMmass. (B) OSwas significantly shorter (P= .03) among those with SM loss than among those with normal SMmass. OS= overall survival, PFS
= progression-free survival, SM = skeletal muscle.
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In the present study, the relevance of pre-therapy SM loss was
investigated. Several recent studies investigating SMmass among
transplantation patients associate SM loss with complications
from post-transplantation infection.[22] Some studies have
revealed that SM loss is not only associated with an increased
risk of postoperative bacterial infection but also a reduced risk of
rejection compared to recipients with normal muscle mass post-
transplantation.[23] Further, low SM mass was an independent
predictive factor for better graft survival.[24] In the present study,
there was no significant correlation between SM loss and irAEs.
However, SM loss was significantly associated with fewer
immunotherapy cycles since no patients in the SM loss group
achieved a PR. These results indicate that SM mass might predict
the response to immunotherapy with nivolumab. Moreover,
there was a significant association between SM loss and the
number of prior chemotherapy regimens in this study. SM loss
was identified in approximately 70% of the patients after
treatment with 3 or more chemotherapy regimens. These results
suggest that a therapeutic effect might not be achieved even if the
patient was treated with nivolumab after several chemotherapy
cycles. Therefore, it might be necessary to consider starting
nivolumab treatment before SM loss.
Okumura et al[25] reported that decreasing muscle mass should

produce fewer cytokines, which causes decreased immunity. The
concept of SM as an endocrine organ that secretes cytokines,
namely myokines, has recently received greater attention.[26]
Table 4

Univariate and multivariate analysis for progression-free survival.

Variables

Univariate analysis Multivariate analysis

RR (95% CI) P-value RR (95% CI) P-value

Age, yr (<65/≥65) 1.12 (0.50–2.53) .78
Sex (female/male) 1.23 (0.48–3.13) .67
Smoking history (no/yes) 3.46 (1.22–9.82) .02 3.13 (1.08–9.07) .03
PD-L1 (negative/positive) 1.86 (0.76–4.55) .17
Skeletal muscle loss

(yes/no)
3.02 (1.29–7.05) .01 2.85 (1.21–6.71) .02

CI= confidence interval, RR= risk ratio.
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Myokines can be defined as proteins, including interleukin (IL)-6,
IL-15, IL-8, tumor necrosis factor-alpha, myostatin, irisin, and
fibroblast growth factor 21, that are synthesized by SM tissue and
exert either paracrine or autocrine effects.[27] Lutz et al reported
that decreased myokine levels suppress the function of natural
killer cells in sarcopenia.[28] IL-6, which is a major myokine, has
many effects on the immune system and modulates multiple
immune responses. Although generally regarded as a pro-
inflammatory cytokine, IL-6 also has anti-inflammatory effects
and can induce an anti-inflammatory environment.[28,29] Recent-
ly, Cortellini et al[30] reported the predictive value of SM mass in
NSCLC patients treated with second-line nivolumab. Despite no
statistically significant differences were observed, the median PFS
and OS appear decidedly longer among patients with non-low
SM mass compared to those with low SM mass. In the present
study, SM loss was significantly associated with a shorter PFS and
OS than was normal SM mass. Although the underlying
molecular mechanism of the relationship between SM mass
and immunotherapy remains unknown, this finding should help
clarify the role of SM, including myokines, on immunotherapy.
Several studies have indicated the effect of amino acids on

immune function. Nutritional status affects immune cell
metabolism and function, and undernutrition has been associated
with immunosuppression.[31] Catabolized muscle proteins pro-
vide amino acids for protein synthesis for the immune response.
In addition, an adequate supply of key amino acids is necessary to
Table 5

Univariate analysis for overall survival.

Variables

Univariate analysis

RR (95% CI) P-value

Age, yr (≥65/<65) 1.09 (0.44–2.70) .86
Sex (female/male) 1.43 (0.50–4.07) .50
Smoking history (no/yes) 1.15 (0.38–3.48) .81
PD-L1 (positive/negative) 1.17 (0.41–3.32) .77
Skeletal muscle loss (yes/no) 2.57 (1.02–6.46) .04

CI= confidence interval, RR= risk ratio.
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support efficient immune function.[32] An enhanced supply of
branched-chain amino acids and increased SM mass might
improve nivolumab treatment outcomes.
There are several limitations to the present study. First, this

was an observational cohort study. Second, the sample size was
small. Third, we could not collect data on grip strength as an
indicator of SM strength as a sarcopenia parameter. Fourth, SM
loss might have been correlated with chemotherapy resistance
because the SM loss group had undergone significantly more
prior chemotherapy cycles. Hence, further studies with larger
sample sizes are necessary to confirm and update our
conclusions.
In conclusion, this is the first study to show that SM loss is

closely correlated with shorter PFS and OS in NSCLC patients
after nivolumab treatment. The evaluation of SM mass may be a
useful surrogate marker of the treatment response and can help
predict the clinical outcomes of patients receiving nivolumab
therapy.
Author contributions

Conceptualization: Mariko Tsukagoshi, Takehiko Yokobori,
Toshiki Yajima, Ken Shirabe, Kyoichi Kaira.
Data curation: Mariko Tsukagoshi, Toshiki Yajima, Toshitaka

Maeno, Kimihiro Shimizu, Akira Mogi, Kyoichi Kaira.
Investigation: Mariko Tsukagoshi, Kenichiro Araki, Norifumi

Harimoto, Kyoichi Kaira.
Methodology: Takehiko Yokobori, Toshiki Yajima, Kenichiro

Araki, Norifumi Harimoto, Kyoichi Kaira.
Project administration: Takehiko Yokobori, Toshiki Yajima,

Ken Shirabe, Kyoichi Kaira.
Supervision: Toshitaka Maeno, Kimihiro Shimizu, Akira Mogi,

Ken Shirabe, Kyoichi Kaira.
Writing – original draft: Mariko Tsukagoshi
Writing – review & editing: Mariko Tsukagoshi, Ken Shirabe,

Kyoichi Kaira.
Mariko Tsukagoshi orcid: 0000-0003-3748-9615.
References

[1] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin
2018;68:7–30.

[2] Borghaei H, Paz-Ares L, Horn L, et al. Nivolumab versus docetaxel in
advanced nonsquamous non-small-cell lung cancer. N Engl J Med
2015;373:1627–39.

[3] Brahmer J, Reckamp KL, Baas P, et al. Nivolumab versus docetaxel in
advanced squamous-cell non-small-cell lung cancer. N Engl J Med
2015;373:123–35.

[4] Garon EB, Rizvi NA, Hui R, et al. Pembrolizumab for the treatment of
non-small-cell lung cancer. N Engl J Med 2015;372:2018–28.

[5] Herbst RS, Baas P, Kim DW, et al. Pembrolizumab versus docetaxel for
previously treated, PD-L1-positive, advanced non-small-cell lung cancer
(KEYNOTE-010): a randomised controlled trial. Lancet 2016;387:
1540–50.

[6] Sekine K, Kanda S, Goto Y, et al. Change in the lymphocyte-to-monocyte
ratio is an early surrogate marker of the efficacy of nivolumab
monotherapy in advanced non-small-cell lung cancer. Lung Cancer
2018;124:179–88.

[7] Fielding RA, Vellas B, Evans WJ, et al. Sarcopenia: an undiagnosed
condition in older adults. Current consensus definition: prevalence,
etiology, and consequences. International working group on sarcopenia.
J Am Med Dir Assoc 2011;12:249–56.

[8] Baracos VE, Reiman T, Mourtzakis M, et al. Body composition in
patients with non-small cell lung cancer: a contemporary view of cancer
5

cachexia with the use of computed tomography image analysis. Am JClin
Nutr 2010;91:1133S–7S.

[9] Collins J, Noble S, Chester J, et al. The assessment and impact of
sarcopenia in lung cancer: a systematic literature review. BMJ Open
2014;4:e003697.

[10] Bao H, Bai T, Takata K, et al. High expression of carcinoembryonic
antigen and telomerase reverse transcriptase in circulating tumor cells is
associated with poor clinical response to the immune checkpoint
inhibitor nivolumab. Oncol Lett 2018;15:3061–7.

[11] Kaira K, Higuchi T, Naruse I, et al. Metabolic activity by (18)F-FDG-
PET/CT is predictive of early response after nivolumab in previously
treated NSCLC. Eur J Nucl Med Mol Imaging 2018;45:56–66.

[12] Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evaluation
criteria in solid tumours: revised RECIST guideline (version 1.1). Eur J
Cancer 2009;45:228–47.

[13] Nakamura R, Inage Y, Tobita R, et al. Sarcopenia in resected NSCLC:
effect on postoperative outcomes. J Thorac Oncol 2018;13:895–903.

[14] Kaira K, Higuchi T, Naruse I, et al. Metabolic activity by 18F-FDG-PET/
CT is predictive of early response after nivolumab in previously treated
NSCLC. Eur J Nucl Med Mol Imaging 2018;45:56–66.

[15] Haanen J. Converting cold into hot tumors by combining immuno-
therapies. Cell 2017;170:1055–6.

[16] Tumeh PC, Harview CL, Yearley JH, et al. PD-1 blockade induces
responses by inhibiting adaptive immune resistance. Nature 2014;515:
568–71.

[17] HugoW, Zaretsky JM, Sun L, et al. Genomic and transcriptomic features
of response to Anti-PD-1 therapy in metastatic melanoma. Cell
2016;165:35–44.

[18] Taube JM, Klein A, Brahmer JR, et al. Association of PD-1, PD-1 ligands,
and other features of the tumor immune microenvironment with
response to anti-PD-1 therapy. Clin Cancer Res 2014;20:5064–74.

[19] Rizvi NA, Hellmann MD, Snyder A, et al. Cancer immunology.
Mutational landscape determines sensitivity to PD-1 blockade in non-
small cell lung cancer. Science 2015;348:124–8.

[20] CarboneDP,ReckM, Paz-Ares L, et al. First-lineNivolumab in stage IV or
recurrent non-small-cell lung cancer. N Engl J Med 2017;376:2415–26.

[21] Ayers M, Lunceford J, Nebozhyn M, et al. IFN-gamma-related mRNA
profile predicts clinical response to PD-1 blockade. J Clin Invest
2017;127:2930–40.

[22] van Vugt JL, Levolger S, de Bruin RW, et al. Systematic review and meta-
analysis of the impact of computed tomography-assessed skeletal muscle
mass on outcome in patients awaiting or undergoing liver transplanta-
tion. Am J Transplant 2016;16:2277–92.

[23] Wakabayashi T, Shinoda M, Obara H, et al. Decreased incidence of
acute cellular rejection in low-muscle-mass recipients after living-donor
liver transplantation. Transplant Proc 2018;50:3626–34.

[24] Noguchi H, Miyasaka Y, Kaku K, et al. Preoperative muscle volume
predicts graft survival after pancreas transplantation: a retrospective
observational cohort study. Transplant Proc 2018;50:1482–8.

[25] Okumura S, Kaido T, Hamaguchi Y, et al. Impact of the preoperative
quantity and quality of skeletal muscle on outcomes after resection of
extrahepatic biliary malignancies. Surgery 2016;159:821–33.

[26] Li F, Li Y, Duan Y, et al. Myokines and adipokines: Involvement in the
crosstalk between skeletal muscle and adipose tissue. Cytokine Growth
Factor Rev 2017;33:73–82.

[27] Pedersen BK, Febbraio MA. Muscle as an endocrine organ: focus on
muscle-derived interleukin-6. Physiol Rev 2008;88:1379–406.

[28] Lutz CT, Quinn LS. Sarcopenia, obesity, and natural killer cell immune
senescence in aging: altered cytokine levels as a common mechanism.
Aging (Albany NY) 2012;4:535–46.

[29] Leal LG, Lopes MA, Batista MLJr. Physical exercise-induced myokines
and muscle-adipose tissue crosstalk: a review of current knowledge and
the implications for health and metabolic diseases. Front Physiol
2018;9:1307.

[30] Cortellini A, Verna L, Porzio G, et al. Predictive value of skeletal muscle
mass for immunotherapy with nivolumab in non-small cell lung cancer
patients: a “hypothesis-generator” preliminary report. Thorac Cancer
2019;10:347–51.

[31] Alwarawrah Y, Kiernan K, MacIver NJ. Changes in nutritional status
impact immune cell metabolism and function. Front Immunol
2018;9:1055.

[32] Calder PC. Branched-chain amino acids and immunity. J Nutr
2006;136:288S–93S.

http://www.md-journal.com

	Skeletal muscle mass predicts the outcome of nivolumab treatment for non-small cell lung cancer
	1 Introduction
	2 Materials and methods
	2.1 Patient population
	2.2 Treatment and data collection
	2.3 Image analysis and definition of SM loss
	2.4 Immunohistochemistry
	2.5 Statistical analysis

	3 Results
	3.1 Patient characteristics
	3.2 Association between SM loss and clinical response
	3.3 Association between SM loss and prognosis
	3.4 Univariate and multivariate survival analyses

	4 Discussion
	Author contributions
	References


