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Abstract
Background: The presence of cachexia in cancer patients negatively affects the quality
of life and survival. However, the impact of cachexia on immunotherapy, such as
PD-1/L1 inhibitors, is not fully understood. Therefore, we examined whether cancer
cachexia affects the prognosis of patients with non-small cell lung cancer (NSCLC)
treated with PD-1/PD-L1 inhibitors.
Methods: We retrospectively screened patients with pathologically confirmed
advanced or recurrent NSCLC who were treated with PD-1/PD-L1 monotherapy at
Kurume University Hospital. We defined cancer cachexia as weight loss of at least 5%
during the past 6 months or any degree of weight loss more than 2% and BMI <20.
Results: Among 182 patients, 74 had cancer cachexia. The presence of cachexia was
significantly associated with females, poor performance status (PS), never-smokers,
and driver mutations. Multivariate analysis revealed that poor PS and being a smoker
were associated with the presence of cachexia. Patients with cancer cachexia had sig-
nificantly shorter progression-free survival (PFS) and overall survival (OS). In the
multivariate analysis, PS and sex were significantly correlated with PFS, whereas PS
and cachexia were significantly correlated with OS. Subanalysis revealed that patients
in the PS0/without cachexia group had longer PFS and OS than those in the cachexia
or PS1-3 group.
Conclusions: In NSCLC patients, cachexia was associated with a worse prognosis,
irrespective of tumor PD-L1 expression, indicating that cachexia is a predictive factor
for NSCLC patients receiving immune checkpoint inhibitors.
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INTRODUCTION

Cachexia is a multifactorial syndrome that causes reduced
food intake, progressive bodyweight loss via skeletal muscle
and adipose tissue loss, and an imbalance in metabolic regula-
tion, resulting in reduced physical function.1 It is caused by a
cancer-associated catabolic state in the systemic circulation as
well as physiological factors, such as imbalanced inflammatory
activation, proteolysis, autophagy, and lipolysis.2 Cachexia is a

common complication in non-small cell lung cancer (NSCLC),
occurring in almost 38.7%–48.1% of patients with advanced or
recurrent disease.3–6 Since the presence of cachexia negatively
affects the quality of life and decreases survival, the assessment
of cachexia is important in the management of patients with
cancer.7

Programmed cell death protein 1 (PD-1) and pro-
grammed cell death ligand 1 (PD-L1) inhibitors have dem-
onstrated promising clinical outcomes in patients with
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NSCLC.8–11 Notably, a subgroup of NSCLC patients treated
with PD-1/PD-L1 inhibitors has long-duration tumor
responses.12 However, PD-1/PD-L1 inhibitors are often inef-
fective in vulnerable patients, such as those with poor per-
formance status (PS).13 Given that the presence of cancer
cachexia worsens the patient’s condition and is associated
with altered inflammatory dynamics, the impact of cachexia
on immunotherapy efficacy should be clarified. In the pre-
sent study, we investigated whether cancer cachexia affects
the prognosis of patients with NSCLC treated with PD-1/
PD-L1 inhibitors. The primary endpoint of this study was to
investigate the prognostic impact of cachexia on PD-1/PD-L1
inhibitors treatment, and secondary endpoint was to explore
predictors of therapeutic response to PD-1/L1 inhibitors in
NSCLC patients with cachexia.

METHODS

Patients and clinical analysis

We retrospectively screened patients with pathologically-
confirmed advanced or recurrent NSCLC who were treated
with PD-1/PD-L1 inhibitors at Kurume University Hospi-
tal between February 2016 and December 2020. PD-L1
expression on tumor cells was assessed by the PD-L1
immunohistochemistry (IHC) 22C3 pharm Dx assay
(Agilent Technologies) in archived biopsy specimens. The

study was performed in accordance with the provisions of
the Declaration of Helsinki and was approved by the
Institutional Review Board of Kurume University Hospi-
tal (IRB No 20100).

Definition of cancer cachexia

The cancer cachexia definition used in our study was
derived from the original definition by Fearon et al., which
states the presence of weight loss of at least 5% during the
past 6 months or any degree of weight loss more than 2%
and BMI <20. We did not include skeletal muscle mass in
the definition of cancer cachexia.1

Statistical analysis

Comparisons for categorical variables were evaluated using
the chi-squared or Fisher’s exact tests and identified the fac-
tors significantly related to cachexia. Multivariate analysis
was performed to identify the risk factors for cancer
cachexia using the stepwise logistic regression method. With
respect to the factors, PS (0 vs. 1–3), age (≥75 years
vs. <75 years), sex, smoking status, and driver mutation
(positive versus negative) were analyzed.

Objective tumor responses were evaluated in accordance
with Response Evaluation Criteria in Solid Tumors

All  NSCLC patients who received PD-1/L1 inhibitors

n = 197

Excluded patients 

n = 14

Eligible Patients

n = 183

With Cachexia

n = 74

Without Cachexia
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NSCLC:non-small cell lung cancer

PD-1/L1:Programmed cell death protein 1/ligand 1
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F I G U R E 1 (a) A total of 197 patients were identified with advanced or recurrent NSCLC who had been treated with PD-1/PD-L1 inhibitors at Kurume
University Hospital between February 2016 and December 2020. Of the 197 patients, 183 were included. Fourteen patients were excluded because their
bodyweight before treatment was not recorded and cachexia could not be assessed. Kaplan–Meier curves displaying (b) progression-free survival and
(c) overall survival of NSCLC patients receiving PD-1/PD-L1 inhibitors with or without cancer cachexia.
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(RECIST) 1.1.14 Progression-free survival (PFS) and overall
survival (OS) were compared using the log-rank test. Multi-
variate analysis was performed which factors were associated
with PFS and OS using the stepwise logistic regression
method. With respect to the factors, cancer cachexia, PS
(0 vs. 1–3), age (≥75 years vs. <75 years), sex, smoking sta-
tus, histology (nonsquamous vs. squamous), driver mutation
(positive vs. negative) and PD-L1 tumor proportion score
(TPS) (≥50% vs. <50%) were analyzed. All tests were two-
sided, and differences were considered statistically signifi-
cant at p < 0.05. Statistical analyses were conducted using
JMP version 11 (SAS Institute Inc.) or GraphPad Prism ver-
sion 6.07 for Windows (GraphPad Software; www.
graphpad.com).

RESULTS

Association between cancer cachexia and patient
characteristics

We identified 197 patients with advanced or recurrent
NSCLC who had been treated with PD-1/PD-L1 inhibitors
at Kurume University Hospital between February 2016 and
December 2020. Of 197 patients, 183 were included. Four-
teen patients were excluded because their bodyweight before
treatment was not recorded and cachexia could not be
assessed (Figure 1a). All patients received PD-1/PD-L1
inhibitors monotherapy. Of these 183 patients, 74 (40.4%)
were diagnosed with cancer cachexia. Relevant patient char-
acteristics related to the presence of cachexia are summa-
rized in Table 1. The presence of cachexia was significantly
associated with females (p = 0.011), poorer PS (p < 0.001),
never-smokers (p = 0.007), and driver mutations (p = 0.027),
whereas no significant association was observed with histol-
ogy, treatment line, PD-L1 expression, or PD-1/L1 inhibitor
treatment. Multivariate analysis was performed using step
wise regression with factors that were found to be signifi-
cantly related to cachexia as variables. Multivariate analysis
revealed that poorer PS and smoker were was associated
with the presence of cachexia (PS 1–3 vs. PS 0, p < 0.001,
OR = 5.441, and smoker vs. never smoker, p = 0.012,
OR = 0.375) (Table 2).

Association between cancer cachexia and
outcomes of PD-1/PD-L1 inhibitor treatment

There was no difference in the overall response rate between
patients with (25.4%) or without (28.7%) cancer cachexia
(p = 0.622). However, the disease control rate tended to be
worse in those with cancer cachexia (43.7%) than in those
without cachexia (58.3%) (Table S1). The median length of
follow-up was 8.5 months (range, 0.1–71.6) for censored
cases. The median PFS and OS were 3.0 months (95% CI:
2.2–4.9) and 12 months (95% CI: 9.1–15.0), respectively.
Patients with cancer cachexia had significantly shorter PFS
(median, 2.1 vs. 5.1 months, p < 0.001) and OS (median, 5.6
vs. 15.0 months, p < 0.001) (Figure 1b, c).

Multivariate analyses for PFS and OS

We performed multivariate analyses to identify the prognos-
tic importance of clinical characteristics and cancer
cachexia. In the multivariate analysis, PS (hazard ratio

T A B L E 1 Clinical characteristics of NSCLC patients receiving PD-1/
PD-L1 inhibitors with and without cachexia.

Variable
With cachexia
(N = 74)

Without cachexia
(N = 109) p-value

Age, median (range), years 72 (48–89) 70 (41–87) 0.010

Sex 0.011

Male 47 (62.7) 88 (80.7)

Female 27 (37.3) 21 (19.3)

ECOG performance status <0.001

0 13 (17.6) 59 (54.1)

1 28 (37.8) 30 (27.5)

2 21 (28.4) 13 (11.9)

3 12 (16.2) 7 (6.4)

Smoking status 0.007

Former or current 49 (66.2) 91 (83.5)

Never 25 (33.8) 18 (16.5)

Histology 0.141

Squamous 17 (23.0) 36 (33.0)

Nonsquamous 57 (77.0) 73 (67.0)

Driver mutation 0.027

EGFR or ALK 22 (29.7) 17 (15.6)

Wild-type 52 (70.3) 92 (84.4)

Treatment line 0.724

First 18 (24.3) 24 (22.0)

Second or later 56 (75.7) 85 (78.0)

PD-L1 TPS (N = 57) (N = 82) 0.566

<1% 16 (28.1) 20 (24.4)

1%–49% 14 (24.6) 27 (32.9)

≥50% 27 (42.1) 35 (42.6)

PD-1/PD-L1 inhibitor 0.085

Nivolumab 42 (56.8) 52 (47.7)

Pembrolizumab 29 (39.2) 42 (38.5)

Atezolizumab 3 (4.1) 15 (13.8)

Note: Data represent numbers (%) unless otherwise indicated.
Abbreviations: ALK, anaplastic lymphoma kinase; ECOG, Eastern Cooperative
Oncology Group; EGFR, epidermal growth factor receptor; NSCLC, non-small cell
lung cancer; PD-1, programmed cell death protein 1; PD-L1, programmed cell death
ligand 1; TPS, tumor proportion score.

TAB L E 2 Multivariate analysis of cachexia prevalence.

Variable p-value OR (95% CI)

PS ≥1 vs. 0 <0.001 5.441 (2.648–11.179)

Smoker vs.never 0.012 0.375 (0.175–0.805)
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[HR] 1.964, 95% CI: 1.403–2.749, p < 0.001) and sex (hazard
ratio [HR] 0.67, 95% CI: 0.470–0.957, p < 0.028) were signif-
icantly correlated with PFS (Table 3), whereas PS (hazard
ratio [HR] 1.990, 95% CI: 1.344–2.968, p < 0.001) and
cachexia (hazard ratio [HR] 1.488, 95% CI: 1.018–2.175,
p = 0.040) were significantly correlated with OS (Table 4).

Exploratory analyses of cachexia and PS

Given the positive association between cancer cachexia and
PS, we analyzed the relationship between cachexia and
PS. We divided the patients into four groups based on PS
0 or 1–3 as well as the presence or absence of cachexia. The
median PFS was 5.6 in the PS 0/with cachexia group,
6.5 months in the PS 0 /without cachexia group, 1.9 months
in the PS 1–3/with cachexia group, and 2.8 months in the
PS 1–3/without cachexia group (p < 0.001, Figure 2a). The
median OS was 13.6 months in the PS 0/with cachexia
group, 18.5 months in the PS 0 /without cachexia group,
5.4 months in the PS 1–3/with cachexia group, and
11.9 months in the PS 1–3/without cachexia group
(p < 0.001, Figure 2b).

DISCUSSION

Cancer cachexia worsens the patient’s condition and reduces
patient survival due to its high incidence and mortality rate.
However, the impact of cachexia on immunotherapy, such
as PD-1/L1 inhibitors, is not fully understood. Therefore, we
investigated whether cancer cachexia affects the prognosis of
patients with NSCLC treated with PD-1/PD-L1 inhibitors.
We found that patients with cachexia had a worse prognosis,
irrespective of tumor PD-L1 expression, indicating that
cachexia is a predictive prognostic factor for NSCLC
patients receiving immune checkpoint inhibitors.

Cachexia is common, with rates of 38.7%–48.1% in
patients with NSCLC,3–6 and it is more common in patients
with poor PS.4,15 Consistent with these results, we also
found correlations between cancer cachexia and poorer
PS. Cancer patients with cachexia experience numerous
complications, including reduced functionality of muscle-
dependent systems and mobility. These complications inter-
fere with the patient’s ability to perform daily activities,
which in turn may be related to a poor PS. Notably, cachexia
is also a complication in populations with good PS. Several
studies have reported that 18.9%–40% of patients with PS0
have cachexia.3,4 In accordance with this result, of the
patients with cachexia, 17.6% patients had PS0. The survival
curves show little difference in patients with cachexia at PS0
treated with ICI from patients without cachexia at PS0 in
terms of PFS, but who are worse in terms of OS. These
results indicate that patients with PS0 and cachexia are con-
sidered to have potentially progressing cachexia, although it
does not interfere with their daily activities. This combina-
tion of factors can be used to more accurately stratify
patients for treatment outcomes of PD-1/PD-L1 inhibitors.
It should be noted that cachexia is potentially present even
in patients who have the ability to perform daily activities.

We found that patients with cancer cachexia had signifi-
cantly shorter PFS and OS than those without cachexia.
Multivariate analysis has shown that poorer PS and sex are

T A B L E 3 Multivariate analysis of progression-free survival (PFS).

Variable p-value OR (95% CI)

PS ≥1 vs. 0 <0.001 1.964 (1.403–2.749)

Male vs. female 0.028 0.67 (0.470–0.957)
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F I G U R E 2 (a) The patients were divided into four groups based on PS 0 or 1–3 as well as the presence or absence of cachexia. The median PFS was 5.6
in the PS 0/with cachexia group, 6.5 months in the PS 0 /without cachexia group, 1.9 months in the PS 1–3/with cachexia group, and 2.8 months in the PS
1–3/without cachexia group (p < 0.001). (b) The median OS was 13.6 months in the PS 0/with cachexia group, 18.5 months in the PS 0 /without cachexia
group, 5.4 months in the PS 1–3/with cachexia group, and 11.9 months in the PS 1–3/without cachexia group.

T A B L E 4 Multivariate analysis of overall survival (OS).

Variable p-value OR (95% CI)

Cachexia+ vs. cachexia� 0.040 1.488 (1.018–2.175)

PS ≥1 vs. 0 <0.001 1.990 (1.334–2.968)

4 MATSUO ET AL.

 17597714, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1759-7714.14881 by K

urum
e U

niversity/K
urum

e D
aigaku, W

iley O
nline L

ibrary on [10/04/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



prognostic factors for shorter PFS, and the presence of can-
cer cachexia and poorer PS are independently associated
with shorter OS. A previous study showed that PFS and OS
were significantly shorter in the cachexia than in the nonca-
chexia group.16 In our analysis, cachexia was not a prognos-
tic factor for PFS, and the possible reasons why cancer
cachexia was not significant in the multivariate analysis with
respect to PFS, unlike previous reports, could be due to the
small number of cases and the fact that this was a retrospec-
tive study and the timing of imaging evaluation. Immune
checkpoint inhibitors enhance antitumor immunity by
blocking a negative regulator of T cell activation, thus pro-
moting the host immune system’s ability to attack cancer
cells. Cancer cachexia is caused by tumor and host-derived
factors that lead to inflammation and systemic metabolism,
resulting in catabolism, energy expenditure, and muscle
decline.17–19 Our results may indicate that cancer
cachexia promotes tumor progression and resistance to
PD-1/L1 inhibitors by interrupting antitumor immunity.
Indeed, a previous study reported that patients with
cachexia had shorter PFS, irrespective of PD-L1 expres-
sion.16 In accordance with these results, we also found a
reduced efficacy of PD-1/L1 inhibitors in patients with
cachexia, regardless of PD-L1 expression (Figure S1).
Although the mechanisms underlying these effects are not
fully understood, several studies have reported that
endogenous glucocorticoids and inflammatory cytokines,
such as IL-6, TNF-α, and IL-1β, may suppress tumor-
infiltrating lymphocytes through the immunosuppressive
tumor microenvironment.20–27 Ghrelin, a peptide secreted
by the stomach, is an endogenous agonist of the growth
hormone receptor, which regulates energy metabolism by
promoting growth hormone secretion.28 Amamorelin, a
ghrelin receptor agonist, is thought to improve cancer
cachexia by increasing appetite and insulin-like growth
factor-1,29,30 and has been approved and introduced into
clinical practice in Japan. However, because there are few
treatment options, further studies to better understand
cancer-associated cachexia are needed to assess novel
therapeutic strategies for NSCLC patients with cachexia.

Although our study was retrospective in nature and had
a relatively small sample size, our results provide a rationale
for future clinical investigations into cancer cachexia as a
target for NSCLC patients who receive immune checkpoint
inhibitors. Further large-scale studies of patients with similar
characteristics are warranted to confirm our findings.

In summary, we have demonstrated that 40.4% of
patients who received PD-1/PD-L1 inhibitors had cachexia,
which was associated with a poor prognosis. Our subana-
lysis indicated that the presence of cachexia in combina-
tion with poor PS predicts worse survival in these
patients. This combination of factors can be used to more
accurately stratify patients for treatment outcomes of
PD-1/PD-L1 inhibitors. Given the expanding clinical use
of immune checkpoint inhibitors, further studies are war-
ranted to evaluate the role cachexia plays in cancer immu-
notherapy efficacy.
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