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ABSTRACT
This retrospective, multicenter cohort study aimed to determine whether cancer cachexia serves as 
a biomarker for determining the most effective treatment for patients having non-small-cell lung cancer 
(NSCLC) with high programmed death ligand 1 (PD-L1) expression treated with immune checkpoint 
inhibitors (ICIs) alone or combined with chemotherapy (ICI/chemotherapy). We included 411 patients with 
advanced NSCLC with a PD-L1 tumor proportion score of ≥50%. The patients were treated with pem
brolizumab monotherapy or ICI/chemotherapy. Cancer cachexia was defined as a weight loss of >5% of 
the total body weight or a body mass index of <20 kg/m2 coupled with an additional weight loss of >2% 
within 6 months before starting treatment. Eighty-five (21%) patients met the cancer cachexia criteria. 
Overall survival (OS) was significantly shorter in patients with cachexia than in those without cachexia in 
both the pembrolizumab monotherapy group (17.2 vs. 35.8 months, p < 0.001) and the ICI/chemotherapy 
group (27.0 months vs. not reached, p = 0.044). However, after stratifying by cancer cachexia status, no 
significant difference in OS was observed between the pembrolizumab monotherapy and chemoimmu
notherapy groups, regardless of cachexia. In conclusion, ICI/chemotherapy offers limited benefits for 
NSCLC patients with high PD-L1 expression and concurrent cancer cachexia. Considering the frailty 
associated with cachexia, ICI monotherapy may be preferred to ICI/chemotherapy for these patients. 
New interventions that can better address the negative prognostic impact of cachexia in patients treated 
using ICIs with or without chemotherapy remain warranted.
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Introduction

Lung cancer is a major cause of cancer-related death world
wide. Non-small cell lung cancer (NSCLC) accounts for 
approximately 80% of all lung cancer cases, and in the majority 
of cases, NSCLC is diagnosed at advanced, unresectable, or 
metastatic disease stages.1 Immune checkpoint inhibitors 
(ICIs) and antibodies targeting programmed death 1 (PD-1) 
and programmed death ligand 1 (PD-L1) have demonstrated 
outstanding efficacy against advanced NSCLC.2–4 In particular, 
ICIs provide a lasting treatment benefit for untreated patients 
having NSCLC with a PD-L1 tumor proportion score (TPS) 
of ≥50%.2–4 For advanced NSCLC, irrespective of the PD-L1 
TPS, combination therapy with ICI plus chemotherapy (ICI/ 

chemotherapy) has efficacy superior to chemotherapy.5–9 

Therefore, both ICI monotherapy and ICI/chemotherapy 
have been established as first-line standard treatments for 
patients having advanced NSCLC with high PD-L1 expression. 
The optimal treatment for NSCLC patients with a PD-L1 TPS 
of ≥50% between ICI with or without chemotherapy remains 
unclear.10,11 Therefore, another predictive factor that may pro
vide clues for optimal treatment selection for this clinical 
population is warranted.

Cancer cachexia, defined as a multifactorial syndrome char
acterized by a persistent loss of skeletal muscle mass with or 
without fat loss that cannot be completely reversed by conven
tional nutritional therapy and progresses to functional 
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impairment, is observed in approximately 20% of patients with 
lung cancer.12,13 It is associated with worsening of prognosis 
and quality of life. Cancer cachexia is associated with poor 
progression-free survival (PFS) and overall survival (OS) in 
patients receiving ICI monotherapy or ICI/chemotherapy.14–16 

We have previously reported an association between cancer 
cachexia and poorer outcomes in an overall NSCLC population 
treated with ICI/chemotherapy; however, treatment outcomes 
did not significantly differ between those with and without 
cancer cachexia in the subgroup of patients with a PD-L1 TPS 
of ≥50%.15 This finding suggests that ICI/chemotherapy miti
gates the negative impact of cancer cachexia in this PD-L1 high 
TPS population. Based on these findings, we hypothesized that 
ICI/chemotherapy might provide greater efficacy than ICI 
monotherapy in patients with PD-L1 ≥ 50%, including those 
with cancer cachexia, and ICI/chemotherapy is a more reason
able treatment option than ICI monotherapy as first-line therapy 
in patients having NSCLC with cancer cachexia and a PD-L1 
TPS of ≥50%. The aim of this study is to determine whether 
cancer cachexia is a clinical biomarker for optimal treatment 
selection in this patient population.

Materials and methods

Study design and patients

This retrospective multicenter cohort study was conducted at 
13 institutions in Japan and included consecutive patients with 
advanced NSCLC (stage IV, including postoperative recur
rence according to the American Joint Committee on Cancer 
Staging Manual, version 8) of a PD-L1 tumor proportion score 
of ≥50% who had received pembrolizumab monotherapy or 
combination therapy with ICIs plus chemotherapy as the initial 
treatment between March 2017 and December 2020 were 
included.17 Patients with recurrence were eligible if the recur
rence occurred more than 24 weeks after the last administra
tion of perioperative chemotherapy, and those who received 
a combination of uracil and tegafur as perioperative che
motherapy were eligible regardless of the duration of 
recurrence.

Clinical data at the time of first-line treatment initia
tion were collected from electronic medical records. PD- 
L1 TPS in tumor cells was analyzed using the PD-L1 
immunohistochemistry 22C3 pharmDx antibody (clone 
22C3; Dako North America, Inc. Carpinteria, CA). Based 
on previous reports, cancer cachexia was defined as 
a weight loss of >5% of the body weight within the 
6 months before chemoimmunotherapy initiation or 
weight loss of >2% of the body weight when the body 
mass index (BMI) was <20 kg/m2, along with laboratory 
values above the expected reference values (C-reactive 
protein [CRP] level: > 0.5 mg/dL, serum albumin [Alb] 
level: <3.2 g/dL, and hemoglobin [Hb] level: 
<12 g/dL).18,19 The body weight of the patients during 
the 6 months preceding chemoimmunotherapy was deter
mined by interviewing the patients or their family mem
bers or by weight measurement in the hospitals.15 Patients 
who received systemic steroids at the initiation of 

ICI/chemotherapy were excluded. The study was approved 
by the ethics review board of Kyoto Prefectural University 
of Medicine and was conducted with the consent of the 
ethics review board of each hospital (approval no. ERB- 
C-2113). Informed consent was not required because of 
the retrospective nature of the study.

Efficacy assessments

The aim of the present study is to clarify the clinical 
impact of cancer cachexia on patients with advanced 
NSCLC receiving pembrolizumab monotherapy or ICI/ 
chemotherapy as a first-line treatment. As such, the asso
ciation between cancer cachexia and treatment outcomes 
such as PFS and OS in patients receiving pembrolizumab 
monotherapy or ICI/chemotherapy was evaluated. 
Thereafter, the treatment outcomes of pembrolizumab 
monotherapy and ICI/chemotherapy in patients with or 
without cancer cachexia were investigated, and treatment 
responses were evaluated according to Response 
Evaluation Criteria in Solid Tumors version 1.1.20 PFS 
was measured from the start of first-line treatment until 
the first instance of lung cancer progression or death from 
any cause. OS was measured from the start of first-line 
treatment until death from any cause. The data cutoff date 
was February 28, 2023. When comparing the treatment 
outcomes of pembrolizumab monotherapy and ICI/che
motherapy, rigorous adjustments were performed for sig
nificant differences in the baseline characteristics of 
patients using propensity score matching (PSM) and the 
following variables were included: age (<75 years or ≥75  
years), sex (male or female), smoking status (never-smoker 
or smoker), Eastern Cooperative Oncology Group perfor
mance status (ECOG PS) (0–1 or 2–4), histology (squa
mous cell carcinoma or non-squamous cell carcinoma), 
PD-L1 status (50–89% or 90–100%), stage (non- 
recurrence or recurrence), liver metastasis (present or 
absent), and brain metastasis (present or absent). Nearest- 
neighbor matching was performed at a ratio of 1:1 without 
replacement. Caliper was set at 0.2.

Statistical analysis

Continuous variables were compared using the Wilcoxon 
rank-sum test. Dichotomous variables were analyzed using 
the chi-squared test or Fisher’s exact test, as appropriate. 
Logistic regression analysis was performed to evaluate the 
risk of cancer cachexia associated with other patient character
istics. Survival outcomes were estimated using the Kaplan – 
Meier method and compared using the log-rank test. Cox 
proportional hazard models were used to determine the asso
ciation between patient characteristics and survival outcomes. 
The results are expressed as odds ratios (ORs) or hazard ratios 
(HRs) with 95% confidence intervals (CIs) as appropriate. All 
analyses were performed using JMP 14 software (SAS Institute, 
Cary, NC, USA). Statistical significance was defined as a two- 
tailed P-value of <0.05.
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Results

Patient characteristics

Overall, 446 consecutive NSCLC patients with a PD-L1 
TPS ≥50% were enrolled in this study (Supplementary Figure 
S1), of which 35 were excluded due to receiving systemic ster
oids. Finally, 411 patients were included in the analysis. Of these, 
255 and 156 patients were treated with pembrolizumab mono
therapy and ICI/chemotherapy, respectively, as the first-line 
treatment. The baseline patient characteristics are summarized 
in Table 1. Compared with the ICI/chemotherapy group, the 
pembrolizumab group had a significantly higher proportion of 
older patients (72 [range: 43–90] years vs. 68 [range: 36–86  
years], p <0.001), patients aged ≥75 years (100/255 vs. 19/156, 

p < 0.001), and patients with poor ECOG PS (45/255 vs. 12/156, 
p = 0.003). Additionally, there were significant differences in 
tumor stage (p = 0.001) between the two groups. Of the 411 
patients, 85 (21%) were diagnosed with cancer cachexia, and 
there were no significant intergroup differences in the propor
tions of patients with cancer cachexia (53/255 [pembrolizumab 
group] vs. 32/156 [ICI/chemotherapy group], p = 0.947). To 
elucidate the characteristics of patients with cancer cachexia, 
we analyzed patient factors associated with cancer cachexia 
using logistic regression analysis. Multivariable logistic regres
sion analyses revealed that the presence of driver mutations 
(p = 0.040), poor ECOG PS (p = 0.021), and underweight 
(p < 0.001) were associated with cancer cachexia, independent 
of other patient characteristics (Table 2).

Table 1. Patient characteristics in all patients (N = 411).

Patient characteristics
Pembrolizumab group 

(N = 255)
ICI plus chemotherapy group 

(N = 156) p value

Age (years)
Median (range) 72 (43–90) 68 (36–86) <.001
<75 years 155 (61) 137 (88) <.001
≧75 years 100 (39) 19 (12)

Sex
Male 201 (79) 119 (76) .548
Female 54 (21) 37 (24)

Smoking status
Never-smoker 31 (12) 30 (19) .053
Current or former smoker 224 (88) 126 (89)

EGFR mutation
Yes 7 (3) 7 (4) .352

ALK fusion
Yes 2 (1) 4 (3) .152

ROS1 rearrangement
Yes 0 (0) 1 (1) .164

ECOG PS
0–1 210(82) 144 (92) .003
2–4 45 (18) 12 (8)

Histology
Squamous cell carcinoma 76 (30) 39 (25) .290
Adenocarcinoma 144 (56) 95 (61)

Other 35 (14) 22 (14)
PD-L1 status
50–89% 154 (60) 105 (67) .157
90–100% 101 (40) 51 (33)

Stage
IVA 88 (35) 49 (31) .001
IVB ea108 (42) 90 (58)
Recurrence 59 (23) 17 (11)

BMI
<20 71 (28) 51 (33) .298
≧20 184 (72) 105 (67)

Liver metastasis 31 (12) 25 (16) .271
Brain metastasis 39 (15) 28 (18) .482
Cancer cachexia 53 (21) 32 (20) .947
Treatment regimen

Pembrolizumab 255 (100)
CBDCA/PTX/Pembrolizumab 1 (1)
CBDCA/nab-PTX/Pembrolizumab 51 (33)
CBDCA/PEM/Pembrolizumab 41 (26)
CDDP/PEM/Pembrolizumab 28 (18)
CBDCA/PEM/Atezolizumab 1 (1)
CBDCA/PTX/Atezolizumab 1 (2)
CBDCA/PTX/BEV/Atezolizumab 23 (15)
CBDCA/nab-PTX/Atezolizumab 10 (6)

ICI, immune checkpoint inhibitor; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; ROS1, ROS proto- 
oncogene 1; ECOG PS, Eastern Cooperative Oncology Group Performance Status; PD-L1, programmed death ligand 1; BMI, body 
mass index; CBDCA, carboplatin; CDDP, cisplatin; PEM, pemetrexed; nab-PTX, nanoparticle albumin-bound paclitaxel; PTX, 
paclitaxel; BEV, bevacizumab.
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Table 2. Logistic regression analysis for factors associated with cancer cachexia (N = 411).

Characteristics

Multivariate

OR (95% CI) P-value

Age
≥75 years (vs. <75 years) 1.21 (0.66–2.21) .531

Sex
female (vs. male) 0.52 (0.24–1.14) .102

Smoking status
current or former smoker (vs. never) 0.55 (0.22–1.35) .192

ECOG PS
2–4 (vs. 0–1) 2.29 (0.87–2.79) .138

Histology
squamous (vs. non-squamous) 1.22 (0.74–2.00) .429

Driver mutation
positive (vs. negative or not investigated) 3.19 (1.06–9.60) .040

ECOG PS
2–4 (vs. 0–1) 2.29 (1.13–4.64) .021

PD-L1 status
50–89% (vs.≧90%) 0.98 (0.55–1.74) .933

Stage
IVA or IVB (vs. Recurrence) 1.60 (0.72–3.55) .247

BMI
<20 (vs.≧20) 7.59 (4.36–13.2) <.001

Liver metastasis
yes (vs. no) 1.26 (0.60–2.63) .548

Brain metastasis
yes (vs. no) 0.93 (0.43–2.02) .858

ECOG PS, Eastern Cooperative Oncology Group Performance Status; PD-L1, programmed 
death ligand 1; BMI, body mass index; OR, odds ratio; CI, confidence interval.

Table 3. Patient characteristics in pembrolizumab group (N = 255).

Patient characteristics
With cancer cachexia 

(N = 53)
Without cancer cachexia 

(N = 202) P value

Age (years)
Median (range) 74 (48–90) 72 (43–88) .087
<75 years 24 (45) 126 (62) .312
≧75 years 29 (55) 76 (38)

Sex
Male 42 (79) 159 (79) .933
Female 11 (21) 43 (21)

Smoking status
Never-smoker 5 (9) 26 (13) .484
Current or former smoker 48 (91) 176 (87)

EGFR mutation
Yes 3 (6) 4 (2) .181

ALK fusion
Yes 0 (0) 2 (1) .333

ROS1 rearrangement
Yes 0 (0) 0 (0) NA

ECOG PS
0–1 37 (70) 173 (86) .011
2–4 16 (30) 29 (14)

Histology
Squamous cell carcinoma 16 (30) 60 (30) .945
Adenocarcinoma 27 (51) 117 (58)
Other 10 (19) 25 (12)

PD-L1 status
50–89% 31 (58) 123 (61) .751
90–100% 22 (42) 79 (39)

Stage
IVA 13 (25) 75 (37) .043
IVB 33 (62) 75 (37)
Recurrence 7 (13) 52 (26)

BMI
<20 31 (58) 40 (20) <.001
≧20 22 (42) 162 (80)

Liver metastasis 9 (17) 22 (11) .244
Brain metastasis 6 (11) 33 (16) .352
Treatment regimen

Pembrolizumab 53 (100) 202 (100)

EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; ROS1, ROS proto-oncogene 1; ECOG PS, 
Eastern Cooperative Oncology Group Performance Status; PD-L1, programmed death ligand 1; BMI, body mass 
index.
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Comparison according to cancer cachexia in each 
treatment group

The baseline characteristics of the pembrolizumab group stra
tified by the presence or absence of cancer cachexia are sum
marized in Table 3. Compared with the group without cancer 
cachexia, that with cancer cachexia had significantly higher 
proportions of patients with poor ECOG PS (16/53 vs. 
29/202, p = 0.011) and higher proportions of underweight 
patients (31/53 vs. 40/202, p < 0.001). Additionally, there were 
significant differences in cancer stage (p = 0.043) between the 
groups with and without cancer cachexia. In the pembrolizu
mab group, the median PFS and OS in patients with cancer 
cachexia were significantly shorter than in those without can
cer cachexia (5.7 vs. 11.1 months, p = 0.007; 17.2 vs. 35.8  
months, p < 0.001, respectively; Figure 1a,b).

The baseline characteristics of the ICI/chemotherapy group 
are summarized in Table 4. Compared with the group without 
cancer cachexia, the group with cancer cachexia had signifi
cantly higher proportions of patients with EGFR mutations 
(5/32 vs. 2/124, p < 0.001), ROS1 rearrangement (1/32 vs. 
0/124, p = 0.048), and underweight (24/32 vs. 27/124, 
p <0.001). In the ICI/chemotherapy group, there was no sig
nificant difference in PFS between patients with and without 
cancer cachexia. (5.7 vs. 11.9 months, p = 0.135; Figure 1c). In 

contrast, the median OS of patients with cancer cachexia was 
significantly shorter than that of patients without cancer 
cachexia (27.0 months vs. not reached; p = 0.044; Figure 1d).

Treatment outcomes in patients with and without cancer 
cachexia

We compared the treatment outcomes in patients with and 
without cancer cachexia between the pembrolizumab mono
therapy and ICI/chemotherapy groups. After weighting by 
PSM, 21 patients with cancer cachexia and 102 without cancer 
cachexia were included in each group. There were no signifi
cant differences in baseline characteristics between the two 
groups in patients with or without cancer cachexia 
(Supplementary Table S1 and Table 2). In patients with cancer 
cachexia, both the median PFS (7.2 vs. 7.9 months, p = 0.515; 
Figure 2a) and the median OS (20.2 vs. 38.7 months, p = 0.501; 
Figure 2b) were not significantly different between the pem
brolizumab and ICI/chemotherapy groups. Similarly, in 
patients without cancer cachexia, both the median PFS (11.7 
vs. 11.9 months, p = 0.693; Figure 2c) and the median OS (41.1  
months vs. not reached, p = 0.681; Figure 2d) were not signifi
cantly different between the pembrolizumab and ICI/che
motherapy groups.

Figure 1. Kaplan – Meier survival curves showing the progression-free survival (a) and overall survival (b) in pembrolizumab monotherapy group (N = 255) and the 
progression-free survival (c) and overall survival (d) in the ICI plus chemotherapy group (N = 156).
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Discussion

Cancer cachexia is a complex condition of tissue wasting that 
develops as a secondary disorder in patients with cancer and 
leads to progressive functional impairment. It is characterized 
by systemic inflammation, negative protein and energy bal
ance, and involuntary loss of lean body mass with or without 
adipose tissue wasting, resulting in poor prognoses. Currently, 
the clinical management of cancer cachexia is both limited and 
complex; therefore, further investigations are warranted to 
improve the quality of life and prognosis of patients with 
cancer cachexia. We observed no significant differences in 
treatment outcomes between ICI monotherapy and chemoim
munotherapy in patients with advanced NSCLC with a high 
PD-L1 TPS, regardless of cancer cachexia. These findings sug
gest that cancer cachexia does not act as a predictive biomarker 
for guiding treatment choice between these modalities. To the 
best of our knowledge, this is the first study to show the clinical 

impact of cancer cachexia on treatment outcomes of patients 
having NSCLC with a PD-L1 TPS of ≥ 50% receiving ICI with 
or without chemotherapy, which may provide an optimal 
treatment strategy for this clinical population.

The present study showed that the complications of cancer 
cachexia were correlated with poor treatment outcomes in 
patients with NSCLC who were administered ICI and ICI/ 
chemotherapy. Regardless of cancer cachexia, the additional 
benefit of chemotherapy over monotherapy with ICIs was 
limited in patients having advanced NSCLC with a high PD- 
L1 TPS. These results suggest that the additional benefit of 
combining ICIs with chemotherapy is limited in improving 
therapeutic responses for patients with cancer cachexia. In 
our study, poor ECOG PS was independently associated with 
cancer cachexia. We have previously reported that in a frail 
population, ICI/chemotherapy did not confer PFS or OS ben
efits compared with pembrolizumab monotherapy.15 

Table 4. Patient characteristics in ICI/Chemo group (N = 156).

Patient characteristics
With cancer cachexia 

(N = 32)
Without cancer cachexia 

(N = 124) P value

Age (years)
Median (range) 67.5 (40–79) 69 (36–86) .310
<75 years 29 (91) 108 (87) .586
≧75 years 3 (9) 16 (13)

Sex
Male 24 (75) 95 (77) .848
Female 8 (25) 29 (23)

Smoking status
Never-smoker 10 (31) 20 (16) .053
Current or former smoker 22 (69) 104 (84)

EGFR mutation
Yes 5 (16) 2 (2) <.001

ALK fusion
Yes 0 (0) 4 (3) .303

ROS1 rearrangement
Yes 1 (3) 0 (0) .048

ECOG PS
0–1 27 (84) 117 (94) .058
2–4 5 (16) 7 (6)

Histology
Squamous cell carcinoma 7 (22) 32 (26) .828
Adenocarcinoma 21 (66) 74 (60)
Other 4 (13) 18 (15)

PD-L1 status
50–89% 20 (63) 85 (69) .516
90–100% 12 (38) 39 (31)

Stage
IVA 7 (22) 42 (34) .349
IVB 22 (69) 68 (55)
Recurrence 3 (9) 14 (11)

BMI
<20 24 (75) 27 (22) <.001
≧20 8 (25) 97 (78)

Liver metastasis 6 (19) 19 (15) .638
Brain metastasis 8 (25) 20 (16) .244
Treatment regimen

CBDCA/PTX/Pembrolizumab 0 (0) 1 (1)
CBDCA/nab-PTX/Pembrolizumab 11 (34) 40 (32)
CBDCA/PEM/Pembrolizumab 8 (25) 33 (27)
CDDP/PEM/Pembrolizumab 6 (19) 22 (18)
CBDCA/PEM/Atezolizumab 0 (0) 1 (1)
CBDCA/PTX/Atezolizumab 0 (0) 1 (1)
CBDCA/PTX/BEV/Atezolizumab 0 (0) 9 (7)
CBDCA/nab-PTX/Atezolizumab 7 (22) 17 (14)

ICI, immune checkpoint inhibitor; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; ROS1, ROS 
proto-oncogene 1; ECOG PS, Eastern Cooperative Oncology Group Performance Status; PD-L1, programmed death ligand 
1; BMI, body mass index; CBDCA, carboplatin; CDDP, cisplatin; PEM, pemetrexed; nab-PTX, nanoparticle albumin-bound 
paclitaxel; PTX, paclitaxel; BEV, bevacizumab.
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Additionally, in a real-world study of patients having non- 
squamous NSCLC treated with ICI/chemotherapy containing 
pembrolizumab and pemetrexed, the incidence of severe 
adverse events was higher in patients with a poor PS than in 
those with a good PS.21 Several previous studies have shown 
the efficacy and safety of pembrolizumab monotherapy in frail 
populations.22,23 Thus, considering treatment effectiveness and 
safety and frailty induced by cancer cachexia, ICI monotherapy 
may be a more reasonable treatment option for NSCLC 
patients with a high PD-L1 TPS and cancer cachexia.

Our study suggests that novel treatment interventions may 
be needed to overcome the negative impact of cancer cachexia 
on the prognosis of patients with advanced NSCLC treated 
using ICIs with or without chemotherapy. Anamorelin is 
a ghrelin agonist and has been shown to substantially increase 
lean body mass and alleviate anorexia.24,25 It was the first drug 
with anticancer activity against cachexia approved in Japan. 
However, anamorelin did not improve motor function, and its 
impact on the efficacy and safety of ICIs with or without 
chemotherapy remains unclear.24 Our research group is cur
rently conducting a prospective observational study to investi
gate the association between anamorelin and the therapeutic 
outcome of ICI/chemotherapy in patients having advanced 
NSCLC with cancer cachexia (SPIRAL-ANA, 
jRCT1071210053), which warrants further investigation. 
Additionally, neutralizing antibodies against growth 

differentiation factor-15 (GDF-15), which has been reported 
to induce anorexia by acting on the brain’s feeding center and 
is involved in the reduction of lean body mass in patients with 
cancer, may also be of interest as promising anti-cachexia 
drugs.26–28 In phase 1 trials, GDF-15-neutralizing antibodies 
were well tolerated, and some phase 2 trials are currently 
ongoing.27–29 Additionally, it was previously reported that 
serum GDF-15 levels were strongly correlated with the failure 
of PD-1-based ICI therapy in patients with melanoma, and 
neutralization of GDF-15 improved both T cell trafficking 
and therapy efficiency in murine tumor models.30 From this 
translational perspective, GDF-15-neutralizing cancer treat
ments can potentially ameliorate cancer cachexia and improve 
response to cancer immunotherapy.

The present study has some limitations. First, this was 
a multicenter, retrospective study. Therefore, the possibility 
of selection bias cannot be ruled out. However, the patients 
were consecutively enrolled, and PSM was conducted to reduce 
selection bias. Nevertheless, since the treatment decision was 
based on the clinical fitness of each patient, the possibility of 
selection bias cannot be completely ruled out. Second, since 
PSM was used to reduce patient background bias, a smaller 
sample size than that of the overall population was inevitable. 
Third, skeletal muscle mass, which is used to define cachexia, 
was not evaluated. However, approximately 90% of the patients 
with cachexia can be diagnosed using weight loss of >5% or 

Figure 2. Kaplan – Meier survival curves showing the progression-free survival (a) and overall survival (b) in the cancer cachexia group (N = 42) and the progression-free 
survival (c) and overall survival (d) in the non-cancer cachexia group (N = 204) after propensity score matching.
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BMI of <20 kg/m2 and weight loss of >2% alone. Fourth, there 
may have been bias in obtaining information on body weight 
within the 6 months preceding chemoimmunotherapy initia
tion. Fifth, this study included only Japanese patients. Sixth, 
this study was a retrospective observational study conducted in 
real-world clinical settings, where the timing of treatment 
response evaluation and imaging for PFS assessment was deter
mined by the discretion of the treating physicians or partici
pating centers. As standardized protocols for imaging timing 
remain lacking, this variability might have influenced PFS 
evaluation. Seventh, adverse events and complications remain 
a concern in patients with cancer cachexia; however, this study 
did discuss them in detail. Eighth, this study has a relatively 
short follow-up duration, with a median follow-up time of 22.9  
months as of the data cutoff date. As a result, the OS data 
remain immature, particularly for patients enrolled in the later 
years of the study. Furthermore, our study has limitations 
related to statistical power, particularly in exploring potential 
interactions between cancer cachexia and treatment choice. 
This study included subgroup analyses to evaluate the impact 
of cancer cachexia on treatment outcomes, including PFS and 
OS, in patients receiving ICI/chemotherapy. However, the 
sample size within certain subgroups was limited. The lack of 
statistical significance in the observed differences and the 
interaction between cachexia status and treatment choice 
with respect to outcome　may reflect insufficient statistical 
power. These limitations highlight the need for larger, ade
quately powered studies to validate our findings and provide 
deeper insights into the relationship between cancer cachexia 
and treatment efficacy. Despite these limitations, this study 
offers valuable insights into the potential impact of cancer 
cachexia on treatment outcomes in real-world clinical practice. 
Although the results of our study are clinically important, they 
may not be conclusive or generalizable. Therefore, confirma
tion using a larger global cohort is required.

In conclusion, the complications of cancer cachexia were asso
ciated with poor treatment outcomes in patients having NSCLC 
who were treated with ICIs and those who were treated with ICI/ 
chemotherapy. Regardless of the presence of cancer cachexia, the 
benefits of adding chemotherapy to ICIs were limited in patients 
having NSCLC with a high PD-L1 TPS. In terms of frailty in 
cancer cachexia, ICI monotherapy may be a more suitable treat
ment option than ICI/chemotherapy for NSCLC patients with 
a high PD-L1 TPS and cancer cachexia. Novel treatment inter
ventions remain warranted to overcome the negative impact of 
cancer cachexia on the prognosis of patients with advanced 
NSCLC receiving ICIs with or without chemotherapy.
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