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Abstract
Background: Quantitative skeletal muscle mass loss has the potential to predict the 
therapeutic effects of immune checkpoint inhibitors. This study aimed to assess the 
impact of muscular quality on the abovementioned outcomes.
Methods: This study retrospectively reviewed the medical records of patients with 
advanced non-small cell lung cancer (NSCLC) who had received PD-1/PD-L1 in-
hibitor monotherapy between March 2016 and February 2018. High muscle quality 
was stipulated as a skeletal muscle density ≥41 and ≥33 Hounsfield units in patients 
with a body mass index (BMI) <25 kg/m2 and ≥25 kg/m2, respectively, as assessed 
using lumbar computed tomography images. High muscle quantity was stipulated 
as a lumbar skeletal muscle index ≥41 cm2/m2 in women, ≥43 cm2/m2 in men with 
a BMI <25 kg/m2, and ≥53 cm2/m2 in men with a BMI ≥25 kg/m2. We evaluated 
the associations of these muscular parameters with the overall response rate (ORR), 
progression-free survival (PFS), and overall survival (OS).
Results: Out of 156 patients, 80 (51.3%) and 47 (30.1%) showed low muscle quality 
and quantity, respectively. Patients with high muscle quality showed higher ORR 
(35.0 vs. 15.8 %, p<0.05) and longer PFS durations (median, 4.5 vs. 2.0 months, 
p<0.05) than those with low muscle quality. There were no noted differences in the 
ORR or PFS between patients with high and those with low muscle quantities. On the 
contrary, regardless of muscle quality and quantity, there were no differences in OS 
between patients with high and those with low muscle status.
Conclusions: Lumbar skeletal muscle quality has the potential to predict the thera-
peutic effect of anti-programed cell death 1/programed cell death ligand 1 inhibitor 
monotherapy in patients with advanced NSCLC.
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1 |  BACKGROUND

Immune checkpoint inhibitors exert a therapeutic effect 
under any condition with an appropriate balance between 
tumor immunogenicity and host immunity in patients with 
cancer.1 Recent reports on the predictors of the therapeu-
tic effects of immune checkpoint inhibitors predominantly 
focused on tumor antigenicity2,3 and the effect of regula-
tory or suppressor molecules on tumor cells.4,5 There are 
no data on clinically useful predictors for host antitumor 
immunity.6,7 Recently, we proposed a hypothesis regarding 
the suppressive effects of cancer cachexia on PD-1/PD-L1 
inhibitors in patients with metastatic non-small cell lung 
cancer (NSCLC).8 Patients with cachexia exhibited worse 
overall response rate (ORR) and progression free survival 
(PFS) values than those without it, even if they were poten-
tially sensitive to anti-programed cell death  1/programed 
cell death ligand 1 (PD-1/PD-L1) inhibitor and have high 
PD-L1 expression in cancer cells. Impaired nutritional sta-
tus9 potentially attenuated the host antitumor immunity in 
a preclinical study, and several other studies that measured 
the bodyweight of patients with NSCLC supported our 
findings.10,11

However, results on the predictive impact of quanti-
tative or qualitative skeletal muscle loss, which are hall-
marks of cancer cachexia, are inconsistent.12 Several 
articles, including ours,13 have reported that decreased 
muscle quantity, as evaluated by computed tomography 
(CT), is correlated with poor clinical outcomes in patients 
who use a PD-1/PD-L1 inhibitor.13–16 However, the defini-
tions and measurement methods of muscle depletion var-
ied across studies,14–17 and the association was not always 
positive.17 While some studies reported a negative correla-
tion between muscle quality and the therapeutic effect of 
PD-1/PD-L1 inhibitors,14,17 the results were not definitive. 
Besides, the majority of these studies estimated the impact 
of muscle quantity or quality without adjusting for previ-
ously reported factors, including PD-L1 expression and 
pretreatment performance status (PS).

Accordingly, the present study aimed to evaluate whether 
the quantitative or qualitative loss of lumbar skeletal mus-
cle is predictive of the efficacy of PD-1/PD-L1 inhibitors, 
regardless of confounding factors, in patients with advanced 
NSCLC.

2 |  METHODS

Consecutive patients with pretreated advanced NSCLC who 
had undergone PD-1/PD-L1 inhibitor monotherapy between 
March 2016 and February 2018 in Shizuoka Cancer Center 
were evaluated. The eligibility criteria were as follows: (a) 
histologically proven stage III or IV NSCLC, including 

postoperative recurrence, with reference to the seventh or 
eighth edition of tumor–node–metastasis staging18,19; (b) 
Eastern Cooperative Oncology Group (ECOG) PS0-2; (c) 
presence of at least one measurable lesion; (d) prior treat-
ment history with at least one chemotherapy regimen before 
PD-1/PD-L1 inhibitor therapy use; (e) no prior immunother-
apy; and (f) availability of evaluable lumbar CT images taken 
within 1 month before the initiation of PD-1/PD-L1 inhibitor 
therapy. Patients with pretreatment interstitial lung disease 
were defined as ineligible for this study.

3 |  Data col lect ion

The following data were collected from the medical records 
of eligible patients: age, sex, PS just before the initiation 
of PD-1/PD-L1 inhibitor therapy, histology, stage, PD-L1 
tumor proportion score (TPS) and driver oncogenes when 
available, number and types of prior treatments, and the type 
of PD-1/PD-L1 inhibitor received. Pretreatment and previ-
ously measured body weight values (measured 6 months be-
fore the treatment) were collected, and the body mass index 
(BMI) and weight changes were calculated. Moreover, neu-
trophil-to-lymphocyte ratios (NLRs), which reflect inflam-
mation, were collected with blood test data just before the 
initiation of PD-1/PD-L1 inhibitor therapy. NLR was cal-
culated as neutrophils divided by lymphocytes, and a high 
NLR was stipulated as an NLR ≥5.20,21 Cancer cachexia was 
stipulated as an unintentional weight loss >5% during the 
preceding 6 months or >2% in patients with a BMI <20 kg/
m2, or the presence of muscle depletion according to the 
consensus criteria.22

3.1 | Driver oncogenes and PD-L1 analysis

The status of ALK translocation and EGFR mutation was as-
sessed in all patients with non-squamous NSCLC, while the 
BRAF mutation and ROS-1 translocation status was assessed 
in some patients, as appropriate. The PD-L1 TPS values were 
calculated by trained pathologists using the 22C3 or 28-8 
pharmDx assay (SRL, Inc.a).

3.2 | Analysis of skeletal muscle

The cross-sectional area of the lumbar skeletal muscle at 
the third level of the lumbar vertebra (L3) was analyzed 
using electronically stored CT scans that were taken before 
the initial administration of PD-1/PD-L1 inhibitors, with or 
without contrast enhancement within a 5-mm slice thickness. 
Lumbar skeletal muscles were identified based on Hounsfield 
unit (HU) thresholds of −29 to +150.23 All analyses were 
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performed using slice-O-matic software v5.0 (Tomovision). 
Muscle quality was calculated as the mean value of the mus-
cular density (HU) in two consecutive images of the cross-
sectional skeletal muscle area at the L3 level.12 High muscle 
quality was stipulated as a skeletal muscle with density ≥41 
HU and ≥33 HU in patients with a BMI <25 and ≥25 kg/
m2, respectively (see Table S1).12 Muscle quantity was re-
ported as the lumbar skeletal muscle index (cm2/m2) and 
calculated as [cross-sectional area of skeletal muscle (cm2)/
height2 (m2)].12 High muscle quantity was defined as a lum-
bar skeletal muscle index ≥41 cm2/m2 in women, ≥43 cm2/
m2 in men with a BMI <25 kg/m2, and ≥53 cm2/m2 in men 
with a BMI ≥25 kg/m2.12

3.3 |  Stat ist ical  methods

The primary outcome was PFS, which was defined as the pe-
riod between the first day of PD-1/PD-L1 inhibitor adminis-
tration and the day of tumor progression or death, whichever 
occurred first. The final follow-up was on July 3, 2019. The 
secondary outcome was overall survival (OS) and ORR. We 
defined OS as the period between the first day of PD-1/PD-L1 
inhibitor administration and the day of death from any cause. 
Median PFS and OS were assessed by the Kaplan–Meier 
method. Data for patients without disease progression or who 
were lost to follow-up were censored at the time of the last 
CT scan for PFS assessment. For PFS and period of response, 
data for patients in whom treatment with new anticancer 
agents were initiated patients in whom treatment with new 
anticancer agents were initiated without recognizing tumor 
progression were censored on the day of the final tumor as-
sessment before treatment with new anticancer agents was 
initiated. Data for patients who were alive or lost to follow-up 
were censored for OS when they were last known to be alive. 
Log-rank tests were used to compare the PFS and OS curves. 
According to the Response Evaluation Criteria in Solid 
Tumors, ORR was measured as the ratio of the sum of com-
plete response and partial response. Potential predictors were 
assessed using Cox proportional hazards models for PFS. For 
the crude hazard ratio, the covariates included PD-L1 expres-
sion (TPS ≥50% vs. <50% or unknown), ECOG-PS (0–1 vs. 
2), muscle quality (high vs. low), muscle quantity (high and 
low), NLR (≥5 vs. <5), and number of prior treatments (1 
vs. ≥2 regimens). The hazard ratio for muscle quality was 
adjusted for PD-L1 expression and ECOG-PS. Fisher’s exact 
test and the Wilcoxon test were performed to compare vari-
ous characteristics between the low and high muscle qual-
ity groups. All p-values were two-sided, and a p-value <0.05 
was considered statistically significant. All statistical analy-
ses were performed using R.24 We analyzed the data using the 
statistical package R version 3.6.3 (https://cran.r-proje ct.org/
src/base/R-3/).

4 |  RESULTS

4.1 | Patient characteristics

Out of 279 consecutive patients with advanced NSCLC 
who initially received PD-1/PD-L1 inhibitor therapy be-
tween March 2016 to February 2018, 156 were finally 
enrolled in this study (Figure 1). Reasons for ineligibility 
included the following: (a) reception of PD-1/PD-L1 in-
hibitors as the first-line treatment (n  =  57), (b) CT was 
not performed within 1 month before PD-1/PD-L1 inhibi-
tor initiation (n = 38), (c) CT did not include the L3 level 
(n = 26), and (d) patients had no target lesion (n = 2). The 
patients' median age was 67 (range, 33–85) years (Table 
1). The majority of the patients were men, had a PS of 0–1, 
and had a non-squamous histology without specific driver 
oncogenes. Seventy-four (47.4%) and 82 (52.6%) patients 
had received PD-1/PD-L1 inhibitor therapy as the sec-
ond- and third-line or greater treatment regimen, respec-
tively. All patients had initiated PD-1/PD-L1 inhibitors as 
monotherapy, including nivolumab in 75 (48.1%) patients, 
pembrolizumab in 61 (39.1%) patients, and atezolizumab 
in 20 (12.8%) patients. The pretreatment PD-L1 TPS was 
measured in the tissue samples of 109 (69.9%) patients 
and classified into the following three groups: (a) TPS of 
≥50% in 36 (23.1%) patients, (b) TPS between 1% and 49% 
in 36 (23.1%) patients, and (c) TPS of 0% in 37 (23.7%) 
patients. Either the PD-L1 level was not measured or the 
tumor samples could not be used in evaluating the PD-L1 
TPS in 47 (30.1%) patients who were categorized as having 
an unknown PD-L1 status. Sixty-seven (43.0%) patients 
had a diagnosis of cancer cachexia at baseline. Eighty 
(51.3%) and 48 (30.8%) patients had a high muscle quality 
and quantity at the baseline, respectively. No significant 
differences were found regarding characteristics between 
patients with high and those with low muscle quality val-
ues, except for median age (65.5 vs. 69 years, p < 0.05) 
and mean attenuation (45.0  ±  4.74 vs. 32.8  ±  5.13 HU, 
p < 0.05). Out of patients with a high muscle quality, 30 
(39.5%) and 58 (72.5%) patients had cancer cachexia and a 
low muscle quantity, respectively.

4.2 | Impact of muscle quality and quantity 
on tumor response

The ORR was 25.6% in all patients (95% confidence interval 
[CI], 1.26–6.80). Patients with high tumor PD-L1 expression 
(TPS ≥50%) had a higher ORR than those with low or un-
known PD-L1 expression (50.0% vs. 18.3%, p < 0.05). Patients 
with a high muscle quality had a higher ORR than those with a 
low muscle quality (35.0 % vs. 15.8%, p < 0.05). Conversely, 
no difference in the ORR was noted between patients with high 

https://cran.r-project.org/src/base/R-3/
https://cran.r-project.org/src/base/R-3/
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and those with low muscle quantity values (24.8% vs. 27.7%, 
p = 0.70). We further assessed the response rate for each mus-
cle quality group. There was no difference in the ORR in the 
high muscle quality group between patients with high and those 
with low muscle quantity values (40.9% vs. 32.8%, p = 0.60). 
Similarly, in the low muscle quality group, no difference in the 
ORR was noted between patients with high and those with low 
muscle quantity values (16.0% vs. 15.7%, p = 1.00).

4.3 | Impact of muscle quality and quantity 
on progression-free survival

Out of the 156 patients, 133 (85.3%) showed tumor pro-
gression up to the cutoff date (July 3, 2019). After a median 
follow-up of 2.5 months (95% CI, 2.0–4.2 months), patients 
with high tumor PD-L1 expression (TPS ≥50%) had a longer 
PFS duration than those with low or unknown PD-L1 expres-
sion (6.3 vs. 2.1 months in median, p < 0.05). Patients with 
high muscle quality had a longer PFS than those with low 
muscle quality (4.5 vs. 2.0 months, p < 0.05, Figure 2A). No 
significant difference in the PFS was noted between patients 
with high vs. low muscle quantity values (2.5 vs. 2.6 months, 
p  =  0.95, Figure 2B). In the multivariate analyses, high 

muscle quality was significantly associated with superior 
PFS values, and the adjusted hazard ratio for high muscle 
quality was 0.67 (95% CI, 0.42–0.89; p < 0.05), after adjust-
ing for PD-L1 expression, pretreatment PS, and number of 
prior treatments (Table 2).

4.4 | Impact of muscle quality and quantity 
on OS

Of the 156 patients, 105 (67.3%) had died before the cut-
off date (July 3, 2019). After a median follow-up of 11.2 
(range, 0.4–42) months, no significant difference in OS was 
noted between patients with high and those with low muscle 
quality values (14.1 vs. 11.9 months, p = 0.30, Figure 3A). 
Similarly, there was no significant difference in OS between 
patients with high and those with low muscle quantity values 
(15.9 vs. 12.2 months, p = 0.51, Figure 3B).

5 |  DISCUSSION

This study suggests that lumbar muscle quality can serve as a 
sensitive predictor of the therapeutic effects of PD-1/PD-L1 

F I G U R E  1  Flow diagram of patient enrollment. Two hundred and seventy-nine patients were enrolled in this study. However, 123 patients 
were finally excluded for the following reasons: 2 patients had no measurable lesion, 57 patients received PD-1/PD-L1 inhibitors as the first-line 
treatment, 26 patients had no CT images evaluable for lumbar skeletal muscle before PD-1/PD-L1 inhibitor administration, and 38 patients had no 
CT within 1 month before PD-1/PD-L1 inhibitor administration. PD-1, programed cell death 1; PD-L1, programed death-ligand 1; CT, computed 
tomography
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T A B L E  1  Patients characteristics

Characteristics Total (n = 156)
High muscle qualitye  
group (n = 80)

Low muscle quality 
group (n = 76) p-value

Age median (range) 67 (33–85) 65.5 (33–81) 69 (44–85) p < 0.05

Gender (%) Men 101 (64.7) 55 (68.8) 46 (60.5) NS

Women 55 (35.3) 25 (31.2) 30 (39.5)

ECOG-PS (%) 0 24 (15.4) 12 (15.0) 12 (15.8) NS

1 115 (73.7) 63 (78.8) 52 (68.4)

2 17 (10.9) 5 (6.2) 12 (15.8)

Histology (%) Squamous 22 (14.1) 10 (12.5) 12 (15.8) NS

Non-squamous 134 (85.9) 70 (87.5) 64 (84.2)

Stage (%) III 33 (21.2) 17 (21.2) 16 (21.1) NS

IV 123 (78.8) 63 (78.8) 60 (78.9)

Driver oncogene (%) EGFR mutation 27 (17.3) 12 (15.0) 15 (19.7) NS

ALK rearrangement 1 (0.6) 0 (0.0) 1 (1.2)

Othersa 128 (82.1) 68 (85.0) 60 (78.9)

PD-L1 Tumor proportion 
score (%)

≥50% 36 (23.1) 21 (26.2) 15 (19.7) NS

1~49% 36 (23.1) 19 (23.8) 17 (22.4)

0% 37 (23.7) 16 (20.0) 21 (27.6)

Unknown 47 (30.1) 24 (30.0) 23 (30.3)

Number of prior treatment 
(%)

1 74 (47.4) 44 (55.0) 30 (39.5) NS

≥2 82 (52.6) 36 (45.0) 46 (60.5)

Initial PD-1/PD-L1 
inhibitor (%)

Nivolumab 75 (48.1) 37 (46.2) 38 (50.0) NS

Pembrolizumab 61 (39.1) 34 (42.6) 27 (35.5)

Atezolizumab 20 (12.8) 9 (11.2) 11 (14.5)

BMI (kg/m2, mean ± SD) 21.9±3.79 21.3±4.32 22.5±3.07 NS

Neutrophil-to-lymphocyte 
ratiosb 

High (≥5) 35 (22.4) 18 (22.5) 17 (22.4) NS

Low (<5) 121 (77.6) 62 (77.5) 59 (77.6)

LSMI (cm2/m2, 
mean ± SD)

41.0±7.80 41.6±8.44 40.3±7.07 NS

Mean attenuation (HU, 
mean ± SD)

39.0±7.85 45.0±4.74 32.8±5.13 p < 0.05

Pretreatment cachexiac  (%) 67 (43.0) 30 (39.5) 37 (46.2) NS

Pretreatment muscle 
quantityd  (%)

High 47 (69.9) 22 (27.5) 25 (32.9) NS

Low 109 (69.9) 58 (72.5) 51 (67.1) NS

Abbreviation; ECOG-PS, Eastern Cooperative Oncology Group performance status; PD-L1, programed cell death protein ligand 1; PD-1, programed death-1; BMI, 
body mass index; ns, not significant; EGFR, Epidermal Growth Factor Receptor; ALK, Anaplastic Lymphoma Kinase; HU, Hounsfield Unit; SD, Standard deviation.
aOthers include all patients with squamous cell carcinoma and patients with non-squamous carcinoma without specific driver oncogenes (EGFR mutation or ALK 
rearrangement). 
bNeutrophil-to-lymphocyte ratios were collected with blood test data just before the initiation of PD-1/PD-L1 inhibitor therapy. Neutrophil-to-lymphocyte ratios were 
calculated as neutrophils divided by lymphocytes and high NLR was stipulated as ≥5. 
cCancer cachexia was defined as an unintentional weight loss >5% during the preceding 6 months or >2% in patients with a BMI <20 kg/m2, or the presence of muscle 
depletion according to consensus criteria. 
dHigh muscle quantity was defined based on lumbar skeletal muscle index cutoffs ≥43.0 cm2/m2 for men with a BMI <25.0 kg/m2, ≥53.0 cm2/m2 for men with a BMI 
≥25.0 kg/m2, and ≥41.0 cm2/m2 for women. 
eHigh muscle quality was defined based on lumbar skeletal muscle index cutoffs of ≥41.0 HU in those with a BMI <25.0 kg/m2, and ≥33 HU in those with a BMI 
≥25.0 kg/m2. 
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inhibitor monotherapy in patients with NSCLC. We found 
that high muscle density, as determined by lumbar CT im-
ages taken just before the initiation of PD-1/PD-L1 inhibitor 
therapy, was significantly associated with a high ORR and 
long PFS duration, irrespective of the degree of PD-L1 ex-
pression in the tumor and PS, both of which are established 
predictors of efficacy in these treatments. On the contrary, 
with regard to OS, there was no significant association be-
tween the therapeutic effects of PD-1/PD-L1 inhibitor and 
muscle quality or quantity.

Several previous cross-sectional studies have re-
searched the role of muscle quantity in the prediction of 
PFS or OS with regard to PD-1/PD-L1 inhibitor use in 
patients with advanced NSCLC. However, the results were 
inconsistent, with one study reporting the lack of associa-
tion17 and three other studies demonstrating positive asso-
ciations with PFS or OS (Table 3).14–16 All of the studies 
had a retrospective design and included small numbers 
of patients (23–100 patients). Assessment tools included 
the cross-sectional area of the psoas or lumbar muscles 

F I G U R E  2  Kaplan–Meier estimates of progression-free survival in patients classified according to high or low muscle quality (A) and by high 
and low muscle quantity (B). A greater benefit was observed in patients with high muscle quality showing significantly prolonged progression-free 
survival durations. No noticeable difference was observed between the high and low muscle quantity groups

T A B L E  2  Predictor for efficacy in PD-1 /PD-L1 inhibitors

Predictors for PFS Crude HR 95% CI p-value Adjusted HR d 95%CI p-value

PD-L1 expressions (TPS≥50% vs. <50% 
or unknown)

0.51 0.90–1.79 p < 0.05 0.55 0.34–0.89 p < 0.05

ECOG-PS (0–1 vs. 2) 0.57 0.38–0.86 p < 0.05 0.65 0.44–0.99 p < 0.05

Muscle qualitya  (High vs. Low) 0.63 0.44–0.89 p < 0.05 0.64 0.45–0.92 p < 0.05

Muscle quantityb  (High vs. Low) 0.98 0.68–1.42 0.94 NI NI NI

Neutrophil-to-lymphocyte ratioc  (NLR≥5 
vs. NLR<5)

1.97 1.32–2.94 p < 0.05 2.28 1.46–3.56 p < 0.05

Number of priory treatment (one vs. ≥2 
regimens)

1.27 0.90–1.79 0.18 NI NI NI

Abbreviations: CI, Confidence interval; ECOG-PS, Eastern Cooperative Oncology Group performance status; HR, hazard ratio; NI, not include in the multivariate 
model; NLR, Neutrophil-to-lymphocyte ratio; PD-L1, programed cell death ligand 1; PFS, progression free survival.
aHigh and low muscle quality was defined according to muscle attenuation (HU) and BMI. Low muscle quality was defined based on mean attenuation cutoffs <41.0 
HU in those with a BMI <25.0 kg/m2, and <33.0 HU in those with a BMI ≥25.0 kg/m2. There was no difference in the cutoffs between the men and women. 
bHigh and low muscle quantity was defined according to lumbar skeletal muscle index and BMI. Low muscle quantity was defined based on lumbar skeletal muscle 
index cutoffs <43.0 cm2/m2 for men with a BMI <25.0 kg/m2, <53.0 cm2/m2 for men with a BMI ≥25.0 kg/m2, and <41.0 cm2/m2 for women. 
cNeutrophil-to-lymphocyte ratio was defined as neutrophils divided by lymphocytes, and both neutrophil and lymphocyte counts were based on the results of blood 
collection immediately before administration of PD-1/PD-L1 inhibitors. 
dHR for PD-L1 expression was adjusted for muscle quality, ECOG-PS, and number of prior treatments; HRs for muscle quality and quantity were adjusted for PD-L1 
expression, Neutrophil-to-lymphocyte ratio, ECOG-PS, and number of prior treatments. 
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divided by body height squared. However, three of these 
studies did not assess the effects of PD-L1 expressions on 
outcomes.14–16 Only one study adjusted for the predictive 
impact of muscle quantity by PD-L1 expression and re-
ported the absence of an association with PFS,17 which 
is consistent with our study, although the assessment tool 
used for muscle quantity was different. According to the 
reports mentioned above and the results of our study, the 
association between muscle quantity and the therapeutic 
effects of PD-1/PD-L1 inhibitor therapy remains contro-
versial and needs further evaluation.

Likewise, while the role of low muscle quality in immu-
notherapy is currently a hot research topic, no conclusions 
have been drawn to date. While a previous study stated that 
decreased lumbar muscle density is predictive of inferior 
PFS in patients with metastatic melanoma treated with ip-
ilimumab,25 several other studies conducted in patients with 
metastatic NSCLC treated with PD-1/PD-L1 inhibitors were 
skeptical about its predictive value.10,17 Cortellini et al. retro-
spectively reviewed the impact of muscle quality on PFS in 
association with PD-1/PD-L1 inhibitor use in a mixed cancer 
population comprising 46 patients with advanced NSCLC 
and 54 patients with other advanced cancers including renal 
cell carcinoma and melanoma.14 They measured lumbar 
skeletal muscle density as an indicator of muscle quality and 
showed no association between muscle quality and PFS or 
ORR. Minami et al. retrospectively reviewed 74 patients with 
pretreated and advanced NSCLC who had received PD-1/
PD-L1 inhibitor therapy.17 They used the intramuscular 
adipose tissue content in the multifidus muscle as an indi-
cator of muscle quality and reported the absence of impact 
on PFS. Unlike the two studies mentioned above, our study 
found a positive association between muscle quality and PFS 
and ORR patients with PD-1/PD-L1 inhibitor use. The in-
consistencies in the results may be attributed to the method-
ologies used for muscular quality assessment across studies 
and the heterogeneity of each study population with regard 
to multi-factors that were possibly associated with cancer ca-
chexia, including levels of inflammation, complications, or 
age distribution. Additionally, all previous studies including 
ours have been categorized as retrospective studies and only 
included a small number of patients in various treatment lines 
with a different PS value or driver oncogene status. Thus, we 
believe that adjustments for established confounding factors, 
including cancer type,26,27 PS,28 and PD-L1 expression29 are 
essential for estimating the impact of muscular quality on 
PFS. Our study focused on pretreated patients with advanced 
NSCLC (n = 156) who were already shown to be refractory 
to standard chemotherapy or targeted treatment and were 
naïve to immunotherapy. The predictive impact of muscular 
quality was tested in the univariate and multivariate analy-
ses, after adjusting for PS and PD-L1 expression. Thus, we 
propose that muscular quality may be a potential predictor 

of the therapeutic effects of PD-1/PD-L1 inhibitor therapy; 
our findings require further validation in future prospective 
studies.

Decreased muscle quality or myosteatosis is usually as-
sessed by CT density and reflects lipid infiltration in de-
generative muscle tissue.30 Recently, myosteatosis has been 
recognized as a strong prognostic factor, independently 
of muscle quantity, in patients with cancer,12 and has been 
shown to be more sensitive to changes in muscle function 
than muscle quantity in patients with rheumatoid arthritis30 
or community-dwelling elderly populations.31,32 Therefore, 
it is possible that our analysis simply reflected the prog-
nostic aspect of muscle quality, and not a predictive aspect. 
However, we showed significantly higher ORR in the high 
muscle quality group, and this may support the hypothesis 
that muscle quality is not only a prognostic factor, but also a 
predictive factor in immunotherapy. Furthermore, high mus-
cle quality and quantity did not prolong OS in this study, and 
this result further supports our hypothesis that muscle quality 
may not be a prognostic factor but a predictive factor.

Although it is unknown why immunotherapy is less 
efficacious in patients with myosteatosis, several studies 
have suggested a possible association between myosteato-
sis, inflammation, and the efficacy of immunotherapy. The 
presence of myosteatosis has been reportedly associated 
with elevated inflammatory marker values, including those 
of tumor necrosis factor (TNF)-α, interleukin (IL)-6, the 
NLR, and C-reactive protein in humans.33–35 IL-6 increases 
glucocorticoid levels in the serum, which may impair the 
infiltration and proliferation of CD8+ T cells within the 
tumor and weaken the therapeutic effects of PD-1/PD-L1 
inhibitors.9,36 TNF-α not only compromised CD8+ tu-
mor-infiltrating lymphocytes, but also reduced the degree 
of PD-L1 expression on tumor cells in a murine model of 
melanoma.37 The negative effects of IL-6 on outcomes in 
cases with PD-1/PD-L1 inhibitor use has been shown in a 
clinical study of patients with melanoma.38 Besides, per-
sistent systemic inflammation induces regulatory T cells 
and myeloid-derived suppressor cells in tumors, which in 
turn suppress the levels of antitumor immunocytes, includ-
ing NK cells, CD8 + T cells, dendritic cells, and B cells, and 
this eventually promoted tumor progression in experimen-
tal models.39,40 Furthermore, tumors escape from immune 
surveillance through the induction of immune checkpoint 
molecules such as PD-L1 in tumors and CTLA-4 receptors 
in T cells under the influence of chronic inflammation.41,42 
Therefore, we hypothesize that decreased muscle quality 
reflects an increased degree of tumor-associated inflam-
mation, which enhances the resistance against antitumor 
immunity and results in poor outcomes in PD-1/PD-L1-
targeted treatments.

There are some limitations in this study. First, our anal-
ysis was limited by its retrospective nature, for which we 
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were unable to exclude biases associated with unknown 
factors. Second, the small sample size comprises patients 
from a single institution, limiting our ability to generalize 
our results to other populations. Third, we did not measure 
the level of tumor antigenicity by the tumor mutation bur-
den or microsatellite instability because they are not rou-
tinely measured in Japanese clinical practice in advanced 
NSCLC settings. Fourth, there was a possibility that we 
could not accurately assess the impact of muscle quality 
on the OS of patients because it did not directly influence 
the therapeutic effects of PD-1/PD-L1 inhibitors in pa-
tients with various statuses with regard to PS, treatment 
line, driver oncogene, and presence of cancer cachexia. 
Finally, this study did not include a control cohort that did 

not receive immunotherapy, and therefore, it was difficult 
to make accurate assessments or conclusions regarding 
predictive roles. A further prospective study is needed to 
eliminate these biases and patient heterogeneity for the 
confirmation of our results.

6 |  CONCLUSIONS

High lumbar skeletal muscle quality may potentially be used 
to predict the therapeutic effects of PD-1/PD-L1 inhibitors, 
independent of PS and PD-L1 expression, in patients with 
advanced NSCLC. However, further studies are needed to 
validate our results.

F I G U R E  3  Kaplan–Meier estimates of overall survival in patients classified according to high or low muscle quality (A), and high or low 
muscle quantity (B). No noticeable difference was observed in the overall survival between the high and low muscle quality groups as well as 
between the high and low quantity groups

T A B L E  3  Summary of literatures about the relationship between skeletal muscle quantity or quality and the efficacy of PD-1/PD-L1 inhibitors

Publication (year)
Number of 
patients Cancer type

Skeletal muscle quantity Skeletal muscle quality

Adjustment 
by PD-L1

Assessment 
tool

Association 
with PFS Assessment tool

Association 
with PFS

Cortellini et al. (2019) 23 NSCLC LSMI Yes NA NA No

Shiroyma et al. (2019) 42 NSCLC PMI Yes NA NA No

Minami et.al. (2020) 74 NSCLC PMI No IMAC in multifidus 
muscle

No Yes

Cortellini et al. (2020) 100 NSCLC and 
others

LSMI Yes Mean density No No

Our study 156 NSCLC LSMI No Mean density Yes Yes

Previous reports that examined the association between muscle assessment and the efficacy of PD-1/PD-L1 inhibitor therapy.
Abbreviation: PD-L1, Programed death-ligand 1; NA, Not assessed; NSCLC, Non-Small Cell Lung Cancer; CT, Computed Tomography; ORR, Overall Response 
Rate; PFS, Progression Free Survival; OS, Overall Survival; IMAC, intramuscular adipose tissue content; PMI, psoas muscle index; LSMI, lumber skeletal muscle 
index.
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