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ABSTRACT

Although previous studies suggest that cancer cachexia is a poor prognostic factor for immune check-
point inhibitor monotherapy, the impact of cancer cachexia on chemoimmunotherapy is unclear. We
investigated the impact of cancer cachexia on the therapeutic outcomes of chemoimmunotherapy for
non-small cell lung cancer (NSCLC). We retrospectively analyzed patients’ medical records with NSCLC

ARTICLE HISTORY
Received 7 April 2021
Revised 18 June 2021
Accepted 26 June 2021

KEYWORDS
who received chemoimmunotherapy in 12 institutions in Japan between January and November 2019. We Non-small cell lung cancer;
defined cancer cachexia as weight loss exceeding 5% of the total body weight or a body mass index of < chemoimmunotherapy;

retrospective analysis;
programmed death-ligand 1;
immune checkpoint inhibitor;
cancer cachexia

20 kg/m? and weight loss of more than 2% of the total body weight within 6 months before chemoim-
munotherapy initiation, with laboratory results exceeding reference values. This study enrolled 235
patients with NSCLC, among whom 196 were eligible for analysis, and 50 (25.5%) met the criteria for
cachexia diagnosis. Patients with cancer cachexia had a significantly higher frequency of a programmed
death-ligand 1 (PD-L1) expression of = 50% (48%, p = .01) and shorter progression-free survival (PFS; log-
rank test: p = .04) than patients without cachexia. There was no significant difference in overall survival
(OS) between the cachexia and no-cachexia groups (log-rank test: p = .14). In the PD-L1 > 50% population,
there was no significant difference in PFS and OS (log-rank test: p = .19 and p = .79, respectively) between
patients with NSCLC in the cachexia or no-cachexia groups. Cancer cachexia might be a poor prognostic
factor in patients with NSCLC receiving chemoimmunotherapy.

INTRODUCTION It has been reported that cancer cachexia may be a poor
prognostic factor for disease control and survival after ICI
monotherapy.'®™'® However, there are few reports investigating
whether cancer cachexia is a prognostic factor for chemoimmu-
notherapy in patients with NSCLC. This study investigated the
impact of cancer cachexia on the therapeutic outcome of com-

bined chemoimmunotherapy in patients with NSCLC.

Immune checkpoint inhibitors (ICIs) are therapeutic drugs
that modulate the immune response to cancer cells. ICIs target
regulatory molecules such as programmed death-ligand 1 (PD-
L1) and are used alone (monotherapy) or in combination with
cytotoxic agents to treat tumors with a high mutational
burden.'™ The benefits of ICIs in several carcinomas have
been shown.*® In previous clinical trials involving previously
treated patients with non-small cell lung cancer (NSCLC),
nivolumab, pembrolizumab, and atezolizumab administered
alone, each had a longer overall survival (OS) than
docetaxel."”'" Combined chemoimmunotherapy has also
been shown to be superior to cytocidal anticancer agents and
has become one of the standard treatments for NSCLC."*™"
Moreover, combined chemoimmunotherapy leads to a lower
risk of disease progression than ICI monotherapy.

MATERIALS AND METHODS
Patients

A total of 235 patients from 12 institutions in Japan were
enrolled in this study between January and November 2019.
The median follow-up duration was 13.8 months. The patients’
pre-treatment height and weight were extracted from electro-
nic medical records. The body mass index (BMI) was
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calculated by dividing each patient’s weight (kg) by his/her
height squared (m?®). The World Health Organization has
classified BMI into four categories: underweight, BMI <
18.5 kg/m’; normal weight, 18.5 kg/m* < BMI < 24.9 kg/m’;
overweight, 25 kg/m* < BMI < 29.9 kg/m’; and obesity, BMI >
30 kg/m’. Based on previous reports, cancer cachexia was
defined as weight loss of more than 5% of the body weight
within the 6 months before chemoimmunotherapy initiation,
or weight loss of more than 2% of the body weight when the
BMI was less than 20 kg/m”, along with laboratory values above
the expected reference values (C-reactive protein [CRP] >
0.5 mg/dL, serum albumin [Alb] < 3.2 g/dL, or hemoglobin
[Hb] <12 g/ dL)."®? Patients who had received steroids within
two weeks before chemoimmunotherapy initiation were
excluded from the study. Patients with epidermal growth factor
(EGFR) or anaplastic lymphoma kinase (ALK) driver muta-
tions were eligible if they had received treatment with at least
one approved tyrosine kinase inhibitor.

The primary endpoint was progression-free survival (PFS)
from the start of chemoimmunotherapy. The secondary end-
points were overall survival (OS) and objective response
rate (ORR).

Patients’ characteristics such as age, sex, histology type, PD-
L1 expression, EGFR gene mutation status, ALK rearrange-
ment status, laboratory test results (Hb, CRP, and Alb levels),
height, weight, Eastern Cooperative Oncology Group (ECOG)
performance status (PS), smoking history, PFES, OS, best overall
response, ORR, and disease control rate (DCR) were retrieved
from medical records. The eighth edition of the American Joint
Commission on Cancer staging system was used for tumor,
node, and metastasis staging. Patient response was assessed
using the new guideline for solid cancer response assessment
(RECIST guidelines: revised version 1. 1). To measure PD-L1
expression, a 22C3 antibody (Agilent Technologies, Santa
Clara, CA, USA) was used. The PD-L1 tumor proportion
score was calculated as a percentage of at least 100 viable
tumor cells with complete or partial membrane staining and
was analyzed by SRL, inc. The body weight of patients during
the 6 months that preceded chemoimmunotherapy was deter-
mined by interviewing the patients or their family members or
by weight measurement in the hospitals. This study was
approved by the Ethics Review Board of the Kyoto
Prefectural University of Medicine and was conducted with
consent from the Ethics Review Board of each hospital
(approval no. ERB-C-1803).

Statistical analysis

P-values < 0.05 were considered statistically significant.
Patients were classified into two groups according to their
cachexia status or PD-L1 expression. Fisher’s exact test or the
chi-square test was used to compare the factors between
groups.

PFS was defined as the period between chemoimmu-
notherapy initiation and disease progression, treatment dis-
continuation, or death. OS was defined as the period between
chemoimmunotherapy initiation and death. PFS and OS were
censored on final survival confirmation in those patients

whose disease did not progress or who survived. PFS and
OS were calculated using the Kaplan-Meier method, and
the differences were verified using the log-rank test.
Student’s t-test was used to compare age and BMI
Multivariate analysis for cancer cachexia was performed by
logistic regression analysis. In univariate and multivariate
analyses, a Cox proportional hazard model was used to esti-
mate hazard ratios (HR) and 95% confidence intervals (CI).
Based on previous reports, ECOG-PS (PS 22), sex, age (=
75 years), smoking status, PD-L1 (= 50%), postoperative
recurrence, and driver mutation were selected as
covariates.'>*""** Schoenfeld residual tests were performed
to assess the Cox proportional hazards assumptions. Tumor
response was evaluated using RECIST, version 1.1. EZR sta-
tistical software, version 1.54, was used for all statistical
analyses.”

RESULTS
Patients’ characteristics

Of the 235 enrolled patients, 39 were excluded for the following
reasons: 11 patients had been treated with steroids, 4 patients
had incomplete body weight assessment findings during the
study period, the CRP, Hb, and Alb levels of 17 patients were
missing, the EGFR and ALK mutation status was not assessed
in 5 patients, and 2 patients received chemoimmunotherapy
before tyrosine kinase inhibitors; therefore, 196 patients were
examined (Figure 1).

The median overall age was 69 years (Table 1). Among these
patients, 72.4% were men, 96.9% had ECOG-PS 0/1, 81.1%
were in clinical stage III/IV, 6.1% had EGFR gene mutations,
76.5% were smokers, and 32.1% had a PD-L1 tumor propor-
tion score (TPS) > 50%. The median BMI was 21.5 kg/mzz
13.3% were underweight, 70.4% had a normal weight, 15.3%
were overweight, and 1.0% were obese. Fifty patients met the
criteria for cachexia diagnosis. Their median age was 70 years,
78.0% were men, 86.0% were smokers, 10.0% had EGFR gene
mutations, and 92.0% were in clinical stage III/IV. The median
BMI of the group with cachexia was 19.6 kg/m?: 26.0% were
underweight, 64.0% had normal weight, and 10.0% were
overweight.

Patients with cancer cachexia had significantly fewer post-
operative recurrences and a significantly higher frequency of
PD-L1 = 50% than those in the no-cachexia group (p = .02,
p = .01, respectively). Multivariate logistic regression analyses
revealed that PD-L1 > 50% (Odds ratio: 2.48, 95% CI: 1.21-
5.12), postoperative recurrence (Odds ratio: 0.16, 95% CI:
0.03-0.70), and age > 75 (Odds ratio: 2.63, 95%CI: 1.08-6.44)
were associated with cancer cachexia independent of other
patient characteristics (Table 2).

To assess whether PD-L1 > 50% is common in patients with
NSCLC having cachexia, we examined the PD-L1 expression
data of patients with NSCLC who started chemotherapy
between February 2017 and June 2020 at the Kyoto
Prefectural University of Medicine (Supplementary Figure 1).
We excluded 156 postoperative patients and 46 EGFR/ALK
mutation-positive patients in this analysis to avoid the influ-
ence of other clinical factors. The frequency of PD-L1 > 50%
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Patients included in this study (n = 196)

Figure 1. CONSORT diagram of the study.

was significantly higher in the cachexia group than in the no
cachexia group (p = .02) (Supplementary Figure 2).

There was no significant difference in the rate of disconti-
nuation of all treatment components among the patients with
NSCLC having cachexia or not (p = .66) (Supplementary
Table 1).

Treatment efficacy of chemoimmunotherapy in patients
with NSCLC and cancer cachexia

The ORR of patients with cachexia was 62.0% (95% CI: 47.2%-
74.3%), whereas that of patients without cachexia was 56.8%
(95% CI: 48.4-65.0%) (p = .64). The DCR was 94.0% (95% CI:
83.5-98.7%) in patients with cachexia and 87.7% (95% CI:
81.2%-92.5%) in patients without cachexia (p = .29).

Prognostic association of chemoimmunotherapy in
patients with NSCLC and cancer cachexia

Among the 196 patients with NSCLC, 124 patients had dis-
ease progression, and 63 patients had died by the cutoff date.
The cachexia group (n = 50) had a significantly shorter PFS
(log-rank test p = .04) and tended to have a shorter OS (log-
rank test p = .14) than the group without cachexia (n = 146)
(Figure 2). In the univariate analysis, the cachexia group had
a significantly shorter PFS than the no-cachexia group (HR:
1.49, 95% CI: 1.01-2.19, p = .04). This result was confirmed
in the multivariate analysis (HR: 1.64, 95% CI: 1.06-2.55,
p =.03) (Table 3). Schoenfeld residual tests in the sex section
of the multivariate analysis indicated a potential violation of
the proportional hazard assumption (p < .05). Visual inspec-
tion of the log-log and Schoenfeld residual plots showed no
serious violations, and the analysis was carried out as
planned. A similar trend was observed when dividing the
group with cancer cachexia into two sub-groups: those with
weight loss > 5% with laboratory results exceeding reference
values and those with BMI < 20 kg/m? and weight loss > 2%
with laboratory results exceeding reference values

(Supplementary Figures 3 and 4). We have investigated the
relationship between cachexia and disease progression in
various subgroups. There was an interaction between
cachexia and smoking status (p for interaction = 0.02)
(Supplementary Table 3). In this study, in the univariate
analysis, there was no significant difference in the OS
between the cachexia and no-cachexia groups. Similarly,
there was no significant difference in OS between the
cachexia and no-cachexia groups in the multivariate analysis.
The multivariate analysis that was focused on only the essen-
tial items ([ECOG-PS 22], sex, age [> 75 years], smoking
status, PD-L1 [> 50%] showed similar results (Supplementary
Table 2).

[I1When cachexia was defined only by weight loss (more
than 5% of the body weight within the 6 months preceding
chemoimmunotherapy initiation or weight loss of more than
2% when the BMI was less than 20 kg/m?), the PES tended to be
worse in the cachexia group than in the no-cachexia group
(HR: 1.36, 95% CI: 0.96-1.93, log-rank test p = .08), but there
was no difference in OS (HR: 1.13, 95% CI: 0.69-1.84, log-rank
test p = .63) (Supplementary Figure 5).

Patients were also classified according to their PD-L1
expression score (PD-L1 > 50% and PD-L1 < 50%). In the
PD-L1 < 50% group, patients with NSCLC having cachexia
(n = 23) had a significantly shorter PFS (HR: 2.18, 95% CI:
1.30-3.66, log-rank test p = .002) and OS (HR: 2.43, 95% CI:
1.25-4.74, log-rank test p = .006) than those without cachexia
(n = 95) (Figure 3). In contrast, in the PD-L1 > 50% group,
there were no significant differences in the PFS (HR: 1.55,
95% CI: 0.80-3.02, log-rank test p = .19) and OS (HR: 0.88,
95% CI: 0.33-2.35, log-rank test p = .79) among the cachexia
(n = 24) and no-cachexia (n = 39) groups (Figure 4). In the
cachexia group (n = 47), the ORRs were 75% (95% CI: 53.3-
90.2%) and 52.2% (95% CI: 30.6-73.2%) while that in the no-
cachexia group (n = 134) were 69.2% (95% CI: 52.4-83.4%)
and 52.6% (95% CI: 42.1-63.0%) when divided into two
groups based on PD-L1 expression rate of 50%
(Supplementary Figure 6A).
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Table 1. Characteristics of patients.

Characteristics All patients Cachexia Non-cachexia p-value
(n = 196) (n =50, 25.5%) (n =146, 74.5%)

Age

Median (range) 69 (37-85) 70.0 (39-83) 68.0 (37-85) 0.68

Sex

Male 142 (72.4%) 39 (78.0%) 103 (70.5%) 0.36

Female 54 (27.6%) 11 (22.0%) 43 (29.5%)

ECOG-performance status

0/1 190 (96.9%) 47 (94.0%) 143 (97.9%) 0.18

2/3 6 (3.1%) 3 (6.0%) 3(2.1%)

Stage

/v 159 (81.1%) 46 (92.0%) 113 (77.4%) 0.02

Recurrence 37 (18.9%) 4 (8.0%) 33 (22.6%)

Oncogenic driver

EGFR mutation positivity 12 (6.1%) 5 (10.0%) 7 (4.8%) 0.32°

ALK rearrangement 1 (0.5%) 0 (0%) 1 (0.7%)

Smoking status

Current/Former 150 (76.5%) 43 (86.0%) 107 (73.3%) 0.08

Never 45 (23.0%) 7 (14.0%) 38 (26.0%)

Missing data 1 (0.5%) 0 (0%) 1 (0.7%)

Histology

Adenocarcinoma 125 (63.8%) 29 (58.0%) 96 (65.8%) 0.86°

Squamous cell carcinoma 57 (29.1%) 15 (30.0%) 42 (28.8%)

Others 14 (7.1%) 6 (12.0%) 8 (5.5%)

PD-L1 TPS

>50% 63 (32.1%) 24 (48.0%) 39 (26.7%) 0.01°¢

1-49% 72 (36.7%) 15 (30.0%) 57 (39.0%)

<1% 46 (23.5%) 8 (16.0%) 38 (26.0%)

Unknown 15 (7.7%) 3 (6.0%) 12 (8.2%)

BMI

Median (range) 215 19.6 21.7 < 0.001
(15.1-32.6) (15.6-29.8) (15.1-32.6)

Underweight (BMI < 18.5 kg/m’) 26 (13.3%) 13 (26.0%) 13 (8.9%)

Normal weight (18.5 kg/m* < BMI < 24.9 kg/m’) 138 (70.4%) 32 (64.0%) 106 (72.6%)

Overweight (25.0 kg/m* < BMI < 29.9 kg/m’) 30 (15.3%) 5(10.0%) 25 (17.1%)

Obesity (BMI > 30 kg/m*) 2 (1.0%) 0 (0%) 2 (1.4%)

Neoadjuvant or adjuvant therapy 17 (8.7%) 1 (2.0%) 16 (11.0%) 0.08

Regimen

Platinum + pemetrexed + pembrolizumab 96 (49.0%) 22 (44.0%) 74 (50.7%) 0.83¢

Carboplatin + paclitaxel /nab-paclitaxel + pembrolizumab 66 (33.7%) 20 (40.0%) 46 (31.5%)

Carboplatin + paclitaxel + bevacizumab + atezolizumab 29 (14.8%) 8 (16.0%) 21 (14.4%)

Carboplatin + pemetrexed + atezolizumab 5 (2.5%) 0 (0%) 5 (3.4%)

Response assessment

CR 15 (7.7%) 2 (4.0%) 13 (8.9%)

PR 99 (50.5%) 29 (58.0%) 70 (47.9%)

SD 61 (31.1%) 16 (32.0%) 45 (30.8%)

PD 12 (6.1%) 1 (2.0%) 11 (7.5%)

NE 9 (4.6%) 2 (4.0%) 7 (4.8%)

Overall response rate (95% Cl) 58.2% 62.0% 56.8% 0.64
(50.9-65.2%) (47.2-74.3%) (48.4-65.0%)

Disease control rate (95% Cl) 89.3% 94.0% 87.7% 0.29
(84.1-93.2%) (83.5-98.7%) (81.2-92.5%)

EGFR mutation-positive and ALK rearrangement versus all others. ® Squamous versus all others. € PD-L1 TPS > 50% versus all others. ¢ Pembrolizumab regimen versus
atezolizumab regimen. EGFR: epidermal growth factor receptor, ALK: anaplastic lymphoma kinase, PD-L1: programmed death-ligand 1, TPS: tumor proportion score,
Cl: confidence interval, ECOG-PS: Eastern Cooperative Oncology Group-Performance Status, BMI: body mass index, CR: complete response, PR: partial response, SD:
stable disease, PD: progressive disease, NE: not evaluable.

Table 2. Multivariate logistic regression analysis for factors associated with cancer

cachexia.
Items Multivariate Analysis
Odds ratio 95% Cl p-value
Age = 75 (vs. < 75) 2.63 1.08-6.44 0.03
Male sex (vs. female sex) 1.88 0.76-4.66 0.17
Recurrence (vs. stage l11/1V) 0.16 0.03-0.70 0.02
Squamous (vs. all others) 0.89 0.39-2.00 0.78
EGFR/ALK mutation positive 3.22 0.81-12.8 0.10
(vs. all others)
PD-L1 = 50% (vs. < 50%) 248 1.21-5.12 0.01

EGFR: epidermal growth factor receptor, ALK: anaplastic lymphoma kinase, PD-L1:
programmed death-ligand 1, TPS: tumor proportion score, Cl: confidence

interval.

DISCUSSION

Cancer cachexia is a multifactorial syndrome characterized by
a persistent loss of skeletal muscle mass that cannot be recov-
ered with conventional dietary supplements, leading to pro-
gressive dysfunction.”

Inflammation is considered the main cause of cancer
cachexia. Inflammatory cytokines such as interleukin (IL)-1,
IL-6, and tumor necrosis factor (TNF)-a adversely influence
systemic disorders such as metabolic disorders, skeletal muscle
loss, and fat breakdown.’”** We used laboratory test results
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Figure 2. Kaplan—Meier curves for (a) PFS and (b) OS of patients with NSCLC, according to the presence of cachexia. PFS: progression-free survival, OS: overall survival,

NSCLC: non-small cell lung cancer, HR: hazard ratio, Cl: confidence interval.

Table 3. Cox proportional-hazards models for time to progression-free survival
and overall survival in patients with non-small cell lung cancer regardless of their
PD-L1 status.

Items Progression-free survival Overall survival
(comparator) Univariate  Multivariate  Univariate  Multivariate
HR (95% Cl); HR (95% Cl); HR (95% Cl); HR (95% Cl);
p-value p-value p-value p-value
Cancer cachexia 1.49 (1.01- 1.64 (1.06- 1.48 (0.87- 1.27 (0.71-
(vs. no cancer 2.19); 2.55); 2.52); 2.27);
cachexia) p=.04 p=.03 p=.5 p=.42
Age > 75 1.14 (0.72- 1.18(0.72- 1.38 (0.75- 1.59 (0.83-
(vs. < 75) 1.79); 1.94); 2.52); 3.07);
p=.59 p=.52 p=.30 p=.17
Male sex 0.83 (0.57- 0.80 (0.49- 1.27 (0.73- 1.42 (0.60-
(vs. female sex) 1.19); 1.32); 2.22); 3.34);
p =31 p=.39° p = .40 p=.42
Recurrence 0.80 (0.52- 0.72 (0.42- 0.67 (0.33—- 0.57 (0.25-
(vs. stage llI/IV) 1.23); 1.24); 1.36); 1.31);
p=.30 p=.24 p=.36 p=.19
ECOG-PS = 2 1.07 (0.47- 0.80 (0.25- 1.67(0.67- 1.07 (0.25-
(vs. 0/1) 2.43); 2.59); 4.16); 4.54);
p=.87 p=.72 p=.27 p=.93
EGFR/ALK 237 (1.36- 251 (1.14- 1.69 (0.77- 4.34 (1.30-
mutation positive 4.14) 5.55) 3.68) 14.5);
(vs. all others) p =.002 p=.02 p=.19 p=.01
PD-L1 = 50% 0.67 (0.45- 0.57 (0.38- 0.76 (0.44- 0.70 (0.40-
(vs. < 50%) 0.98); 0.88); 1.30); 1.25);
p=.04 p=.01 p=.32 p=.22
Pembrolizumab 0.75 (0.49- - 0.74 (0.42- -
regimen 1.16); 1.31);
(vs. atezolizumab p=.20 p=.31
regimen)
Squamous histology ~ 1.36 (0.95- - 1.32 (0.81- -
(vs. non- 1.94); 2.15);
squamous) p=.09 p=.26
Smoker 1.17 (0.77- 1.83 (0.98- 1.89 (0.97- 2.68 (0.88-
(vs. never smoker) 1.78); 3.417); 3.68); 8.16);
p=.45 p =.06 p =.06 p=.08

EGFR: epidermal growth factor receptor, ALK: anaplastic lymphoma kinase, PD-L1:
programmed death-ligand 1, ClI: confidence interval, HR: hazard ratio, ECOG-PS:
Eastern Cooperative Oncology Group-Performance Status, TPS: tumor propor-
tion score. @ Schoenfeld residual test indicated potential violation of the propor-
tional hazard assumption (p < 0.05).

(serum CRP, Hb, and Alb) to detect systemic inflammation."?
In our study, patients with cancer cachexia had a significantly
shorter PFS than those without cachexia. Since chemotherapy
is the standard treatment for NSCLC, cachexia can be a poor

prognostic factor for chemoimmunotherapy and ICI mono-
therapy. In this study, weight loss alone was not a poor prog-
nostic factor, and systemic inflammation had to be included as
a criterion. It has been reported that the definition by Fearon
et al. overestimates the diagnosis of cachexia and may not
contribute to the prognosis.”® It is important to evaluate not
only weight loss but also other factors such as inflammation,
anemia, and anorexia.

The cachexia group before chemoimmunotherapy initiation
had significantly fewer cases of postoperative recurrence and
more elderly patients (age > 75) than the no-cachexia groups.
In cancer cachexia, the tumor burden increases the production
of cytokines and catabolic factors.”® Compared to patients with
stage III/IV disease, the lower tumor burden may explain the
lower prevalence of cancer cachexia among patients with post-
operative recurrence.”’ However, it should be noted that in
patients with NSCLC, PD-L1 expression may vary between
primary and recurrent disease, and postoperative recurrence
cases may not be an accurate representation of the current PD-
L1 expression.”” It has been reported that aging and tumor
stage are positively correlated with pre-treatment weight loss at
the time of diagnosis of NSCLC, which was consistent with our
results.”® Surprisingly, the group with cancer cachexia had
a significantly higher proportion of patients with PD-L1 > 50
% than the no-cachexia group. The frequency of PD-L1 > 50%
was 26.0-34.0% in previous pivotal studies and 29.0% in
a single-center study in Japan.'>'** In our study, the propor-
tion of PD-L1 > 50% in the overall analysis set was 32.1%,
whereas the proportion of PD-L1 > 50% in the cachexia group
was as high as 48.0%. Considering the possibility of selection
bias caused by assessing the PD-L1 TPS only in patients with
NSCLC who received chemoimmunotherapy, we assessed the
PD-L1 TPS in patients with NSCLC who received chemother-
apy in a single center. We excluded postoperative cases and
EGFR/ALK mutation-positive cases because of their potential
impact on the PD-L1 tumor proportion score.””*° Since we
obtained similar results in patients with NSCLC who received
chemotherapy, the higher proportion of PD-L1 > 50% in the
cachexia group than in the no-cachexia group in patients with
NSCLC may be common.
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PD-L1 is upregulated by multiple inflammatory signals (IL-
6, TNF-q, interferon-y, etc.), functioning in a negative feed-
back loop during inflammation. Our results may then be
related to the pathology of inflammation in patients with
cachexia.’"*

Cachexia has been reported to exacerbate toxicity and com-
plications of cancer treatment.’® Although detailed informa-
tion on adverse events was not available in this study, there
were no significant differences in the treatment discontinua-
tion rate or treatment-related deaths between the cachexia and
no-cachexia groups.

When the association between cachexia and disease pro-
gression was examined in various subgroups without adjust-
ment, there was an interaction between smoking status and
cachexia (Supplementary Table 3). This may be due to the
limited number of patients with NSCLC who were never smo-
kers and had cachexia (n = 7); five of these patients had EGFR/
ALK mutations, which had a poor prognosis in this analysis.

Our analyses indicated that in the PD-L1 > 50% population,
there was no significant difference in PFS and OS between the
cachexia group and no-cachexia groups at the time of analysis.

A previous single-center retrospective study reported that can-
cer cachexia might desensitize the therapeutic effect of ICIs in
patients with NSCLC and a high PD-L1 expression.'” This may
be because cachexia-related mediators such as IL-6, IL-1f3, and
TNF-a suppress CD8+ tumor infiltrating lymphocytes (TILs)
and reduce anti-tumor immunity in patients with NSCLC
having cancer cachexia. Conversely, a high PD-L1 expression
strongly influenced the therapeutic effect of chemoimmu-
notherapy in patients with NSCLC having cachexia.
Chemotherapeutic agents promote an antitumor immune
response by inducing immunogenic cell death and promoting
CD8+ TILs ***°. The combination of ICIs and chemothera-
peutic agents may attenuate the negative impact of cachexia on
anti-tumor immunity.

In patients with cancer cachexia who have not reached the
refractory stage, the cachectic state has been reported to be
reversible.”>*® Patients who transition from a state of cancer
cachexia to no cachexia have a better prognosis than those who
remain in a state of cancer cachexia.””

In our study, the patients with cachexia responded better to
chemoimmunotherapy in the group with PD-L1 = 50% than in



the group with PD-L1 < 50% (Supplementary Figure 4a). Thus,
in patients with NSCLC having cachexia and a PD-L1 2 50%,
the high antitumor efficacy of chemoimmunotherapy may
reduce the tumor burden and lead to a shift from cachexia to
no cachexia.

Even in pre-treatment cachexia, patients with NSCLC and
a PD-L1 > 50% may be considered for chemoimmunotherapy.
However, the lack of a significant difference in survival in the
presence or absence of cachexia in the PD-L1 > 50% group
could be due to the greatly reduced statistical power (n = 63) of
this comparison. Furthermore, there was no adjustment for
background factors in the subgroup analysis according to the
PD-L1 expression score; this may have contributed to the
survival, such as postoperative recurrence, in the multivariate
analysis. In our study, the median follow-up period was
slightly short to evaluate OS. It is necessary to increase the
number of cases and follow-up the patients for a longer period
to test the hypothesis.

Weight loss due to cachexia involves the abnormal metabo-
lism of skeletal muscle and fat.>® Previous studies summarizing
data from the time when ICIs were not commercially available
reported that weight loss during treatment is associated with
shortening of PFS and 0S.°>*° In patients with NSCLC and
PD-L1 = 50%, BMI variations have been reported to be asso-
ciated with clinical outcomes after pembrolizumab
monotherapy.*’ The development of a treatment method to
improve cancer cachexia is desired.

This study has some limitations. First, it did not evaluate
skeletal muscle mass, which is used to define cachexia.
However, approximately 90% of the patients with cachexia
can be diagnosed using weight loss > 5% or BMI < 20 kg/m”
and weight loss > 2% alone.*” Second, there may have been bias
in obtaining information on the body weight within 6 months
preceding the chemoimmunotherapy initiation. Third, only
Japanese patients were included in this study. Racial differences
are unclear. Further research, including other races, could
strengthen our findings.

In conclusion, cancer cachexia might be associated with
a shorter PFS in patients with NSCLC who received chemoim-
munotherapy. Further studies, including patients of other
races, are needed to assess the effects of cancer cachexia in
this patient population.
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