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Background: Cancer cachexia syndrome (CCS) is an adverse prognostic factor in cancer patients
undergoing chemotherapy or surgical procedures. We performed a prospective study to investigate the effect
of CCS on treatment outcomes in patients with non-oncogene driven metastatic non-small cell lung cancer
(NSCLC) undergoing therapy with programmed cell death protein 1 (PD-1)/programmed death ligand 1
(PD-L1) inhibitors.

Methods: Patients were categorized as having cancer cachexia if they had weight loss >5% in the last
6 months prior to immunotherapy (I-O) initiation or any degree of weight loss >2% and body mass index
(BMI) <20 kg/m’ or skeletal muscle index at the level of third lumbar vertebra (LSMI) <55 em?*/m” for males
and <39 cm’/m’ for females. LSMI was calculated using computed tomography (CT) scans of the abdomen
at the beginning of I-O and every 3 months thereafter.

Results: Eighty-three patients were included in the analysis and the prevalence of cancer cachexia at the
beginning of I-O was 51.8%. The presence of CCS was associated with inferior response rates to ICIs
(P<0.001) and consisted an independent predictor of increased probability for developing disease progression
as best response to treatment, OR =8.11 (95% CI: 2.95-22.40, P<0.001). In the multivariate analysis, the
presence of baseline cancer cachexia consisted an independent predictor for inferior survival, HR =2.52
(95% CI: 1.40-2.55, P=0.002). Reduction of LSMI >5% during treatment did not affect overall survival (OS;
P=0.40).

Conclusions: CCS is associated with reduced PD-1/PD-L1 inhibitor efficacy in NSCLC patients
and should constitute an additional stratification factor in future I-O clinical trials. Further research at
a translational and molecular level is required to decipher the mechanisms of interrelation of metabolic

deregulation and suppression of antitumor immunity.
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Introduction

Immunotherapy (I-O) with immune checkpoint inhibitors
(ICIs) has defined a new era in the management of patients
with metastatic non-small cell lung cancer (NSCLC).
However, beyond programmed death ligand 1 (PD-L1)
expression levels in cancer tissues, there is a paucity of
biomarkers for the prediction of outcome in patients with
metastatic NSCLC treated with ICIs (1). In addition, only
a small subset of NSCLC patients receiving PD-1/PD-
L1 inhibitors will achieve a durable clinical benefit and the
underlying mechanisms that lead to primary or secondary
resistance to I-O have not been elucidated thus far (2).

Cancer cachexia syndrome (CCS) is a complex metabolic
syndrome characterized by weight loss, alterations in body
composition and a pathophysiologic background that is
defined by a perpetually sustained inflammatory process (3).
CCS has a high prevalence amongst cancer patients and has
been associated with adverse survival outcomes and reduced
treatment efficacy (4). Furthermore, it has been estimated
that it directly accounts for approximately 20% of cancer-
related mortality (5).

Beyond its well-recognized effect on host’s metabolic
homeostasis deregulation, CCS has been also associated
with immune system dysfunction and increased
susceptibility to infections (6). CCS is characterized by
a composite molecular pathogenesis that involves a wide
spectrum of inflammatory processes ranging from increased
levels in the serum or the tumor microenvironment
(TME) of certain cytokines such as tumor necrosis factor
(TNF)-a (7), interleukins (IL)-6 (6), IL-8 (8) and growth
differentiation factor (GDF)-15 (9) to increased plasma or
TME concentrations of myeloid derived suppressor cells
(MDSCs) (10). The vast majority of these processes have
been demonstrated in experimental models to affect the
Cancer-Immunity-Cycle (11) and to exert a negative effect
on antitumor immunity (12-16).

Based on the aforementioned reports, we hypothesized
that the activation of the cellular pathways that define CCS
pathogenesis could have a negative effect on antitumor
immunity, thus abrogating I-O efficacy. In order to test our
hypothesis, we conducted a prospective observational study
at the University Hospital of Heraklion, Crete amongst
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patients with metastatic NSCLC that were treated with
ICIs. We present the following article in accordance with
the REMARK reporting checklist (available at https://
dx.doi.org/10.21037/tler-21-460).

Methods
Patient selection

We prospectively collected clinical and radiological data
from patients with non-oncogene driven metastatic
NSCLC who received I-O either as monotherapy or in
combination with chemotherapy according to ESMO
guidelines (17) from 2017-2020 at the University Hospital
of Heraklion, Crete. All consecutive patients that were
deemed to be candidates for receiving treatment with
PD-1/PD-L1 inhibitors for metastatic NSCLC were
screened for inclusion in this study. Individuals with EGFR
mutations or ALK translocations were excluded before
the initial screening. EGFR mutational status was assessed
using polymerase chain reaction (PCR) and ALK genomic
alterations were examined using immunohistochemistry
(ICH) or fluorescence in situ hybridization (FISH),
respectively. The study was approved from the Ethics
Committee of the University Hospital of Heraklion (ID:
2644) and was conducted according to principles of the
declaration of Helsinki (as revised in 2013). Written
informed consent was obtained from all patients before
enrollment.

Cachexia assessment

Patients were categorized as having cachexia based on the
criteria set by Fearon er al. (18). These consist of body
weight loss >5% within the last 6 months or body mass
index (BMI) <20 kg/m’ and any degree of weight loss >2%
or low appendicular skeletal muscle index consisted with
sarcopenia and any degree of weight loss >2%.

We assessed the appendicular skeletal muscle index of
the patients by measuring the skeletal muscle thickness
at the level of the third lumbar vertebra by analyzing the
patients’ abdominal computed tomography (CT) scans
before the initiation of I-O through the application of
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Figure 1 Tomovision analysis of the CT scans of two individuals in our cohort. (A) A male patient with baseline LSMI = 55.02 cm’/m’

without sarcopenia. (B) A male patient with baseline LSMT =39.45 cm’/m’ consistent with sarcopenia. CT scan, computed tomography scan;

LSMI, lumbar skeletal muscle index (cm’/m’) (at the level of 3rd lumbar vertebra).

Slice-o-matic Tomovision software (sliceOmatic 5.0 Rev-9
Alberta Protocol) (Figure I). The muscle area thickness was
divided by each individual’s squared height, thus creating
a baseline Lumbar Skeletal Muscle Index (LSMI) that was
measured in cm’/m’. The LSMI cut-off values (LNL: lower
normal limit) used for the definition of sarcopenia were
set at <55 em’/m’ for males and <39 em’/m’ for females,
according to the international consensus for the definition
of cancer cachexia (18). Only the individuals for whom we
had sufficient radiological (LSMI) and/or clinical data (BMI,
body weight fluctuations within the last six months) in order
to be classified as cachectic or not, according to criteria
set by Fearon er al. (18), were included in the final analysis
(Figure S1).

We furthermore assessed, when available, the LSMI
of patients during their treatment with I-O in order to
investigate any potential correlation of LSMI fluctuations
with treatment outcomes. For this purpose, we compared
the baseline LSMI values with the LSMI values at the
first radiological assessment of each individual after ICI
therapy initiation. Patients were categorized according
to their changes in LSMI during treatment in a binary
fashion according to their median LSMI reduction%
during I-O.

Data collection

We prospectively collected data on patient [age, gender,
smoking status, ECOG performance status (PS), BMI, line
of treatment of ICI administration], disease characteristics
(histology, organs affected with metastases, PD-L1 status)
and baseline albumin values at the timepoint of I-O
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initiation.

Patients were classified in a dichotomous fashion based
on their age (<70 vs. 270 years old), gender (male vs. female),
PS (0-1 vs. 2), smoking status (smokers or former smokers
vs. non-smokers), line of treatment of ICI administration
(first line vs. second or later lines of treatment), brain
metastases, liver metastases, bone metastases, disease burden
(Low wvs. high tumor burden), baseline BMI values (<25 vs.
>25 kg/m’), histology (squamous vs. non-squamous), PD-
L1 status (<1% wvs. >21%) and baseline albumin levels (<3.5
vs. 23.5 g/dL). PD-L1 expression levels, when available,
were evaluated before the initiation of systemic treatment.
36 patients (26 individuals who received pembrolizumab
and 10 that received nivolumab) had their samples evaluated
using staining with 22C3 pharmDx assay. The remaining
12 patients with available PD-L1 status had their samples
evaluated using Ventana SP142 assay. High disease burden
was defined as metastatic spread in >2 organs. We decided
to use this cut-off since it has been the only clinical factor
significantly associated with the development of disease
hyper-progression under treatment with ICIs (19). Finally,
the cut-off values that were set for baseline albumin levels
were the 3.5 g/dL (which represents the lower normal limit
in our laboratory).

Immune-related adverse events (irAEs) were recorded
according to ESMO guidelines (20).

Outcome assessment

Response to treatment was evaluated according to RECIST
1.1 criteria (21). The images of the patients were reviewed
specifically for this study in order to determine response

Transl Lung Cancer Res 2021;10(8):3538-3549 | https://dx.doi.org/10.21037/tlcr-21-460


https://cdn.amegroups.cn/static/public/TLCR-21-460-supplementary.pdf

Translational Lung Cancer Research, Vol 10, No 8 August 2021

assessment according to RECIST 1.1 criteria. Patients
were categorized according to their best response to ICIs
as having complete response (CR), partial response (PR),
stable disease (SD) and progressive disease (PD). Objective
response rate (ORR) was defined as the percentage of
individuals who achieved CR or PR as best response to
treatment and disease control rate (DCR) was defined as
the percentage of patients who achieved CR or PR or SD as
best response to treatment. Prolonged duration of disease
control was defined as absence of disease progression for
a time period of >6 months amongst the patients who had
achieved disease control (CR or PR or SD) at their first
radiological assessment after ICI initiation.
Progression-free survival (PFS) was defined as the
time from the initiation of ICI until the date of disease
progression or death. Overall survival (OS) was defined as
the time from the initiation of ICIs to death. Individuals
who had not progressed or were still alive at the time of
data analysis were censored at the date of last follow-up.

Statistical analysis

All statistical analyses were performed with SPSS 25.0.0
software (IBM Corp., Armonk, NY, USA). Descriptive
statistics were applied to define and categorize nominal and
categorical variables. Statistical significance was set at <0.05.
We furthermore applied Chi-square test to examine any
potential associations between the studied variables with
ORR and DCR. Kruskal-Wallis test was applied to examine
any potential differences in baseline LSMI distributions
according to the presence of CCS. In addition, any
potential differences in the distributions of LSMI% changes
during I-O with ORR, DCR and duration of disease control
>6 months were examined with Kruskal-Wallis test.

A univariate binary logistic regression was performed
to examine the odds ratios (OR) of the studied parameters
on the probability of developing PD as best response to
treatment. A multivariate logistic regression was performed
for the variables that had reached statistical significance in
the univariate analysis.

The Kaplan-Meier method was applied to investigate the
effect of the studied variables on PFS and OS. Curves were
compared with the log-rank test. In addition, we applied
log-rank test in order to examine the effect of baseline
cancer cachexia on OS in the subgroup of patients that
received I-O as first line treatment and in the subgroup
of patients that received it as second line treatment. A
univariate Cox Regression Analysis was performed to
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calculate the Hazard Ratios (HR) of age >70 years old, PS
2, female gender, squamous histology, bone metastases,
liver metastases, brain metastases, PD-L1 <1%, ICI
administration as 2™ line of treatment, baseline albumin
levels <3.5 g/dL and the presence of baseline CCS on
PFS and OS. A multivariate Cox Regression Analysis was
performed amongst the variables that had reached statistical
significance in the univariate analysis.

Additionally, we applied log-rank test in order to estimate
the effect of cancer cachexia on 6 months survival since the
initiation of I-O. Six months survival time was used as a
cut-off value. Individuals that were alive but had a follow-
up time shorter than 6 months were censored at the time
of their last follow-up. Using the 6 months survival time
as a cut-off we also performed a univariate Cox regression
analysis to estimate the hazard ratio of cancer cachexia on
6 months survival time.

A sample size and power calculation was not conducted
because at the time of the initiation of data collection there
were no published reports on the effect of cachexia on the
outcome of I-O treated cancer patients. Thus, it would have
been of no value in this exploratory, hypothesis generated
study due to the lack of available data on which to base the
required calculations for power calculation.

Results
Patient characteristics

A total of 83 patients were included in the analysis. Median
follow-up duration was 9.53 months. Patients’ characteristics
are depicted in detail in 7able 1. Median age was 66 years,
84.3% of patients were male and 92.8% were active or
former smokers. Mean baseline BMI was 26.69 kg/m” and
38.6% of patients had baseline BMI values <25 kg/m’.

Most (79.5%) patients in our cohort had received
ICIs as second line of treatment and the rest as first line
treatment. All the patients who received ICIs as second line
treatment had previously progressed on a platinum doublet.
Only 2 patients (2.4%) had received I-O in combination
with chemotherapy and the rest as monotherapy. ORR
was 20.5% and 48.2% of patients experienced PD as best
response to treatment. Median PFS and OS were 4.80 and
9.90 months, respectively.

Forty-three patients (51.8%) were classified as having
baseline CCS at I-O initiation and only 15 patients out of
the 54 with evaluable LSMI (27.8%) had baseline LSMI

values not consistent with sarcopenia (Above LNL).
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Table 1 Baseline patient characteristics

Table 1 (continued)

Variable - All patlents% St : Al patients(y
)
Number of patients 83 PD-L1 levels
Age, median (range) 66 (39-81) 1% 14 16.9
Gender 1% < PD-L1 < 50% 22 26.5
Male 70 84.3 >50% 15 18.1
Female 13 15.7 Missing values 32 385
Performance status Line of treatment of ICI administration
0-1 65 78.3 1 line 17 205
2 18 217 2" line 66 79.5
Smoking status Immunotherapy agent
Active or former smokers 77 92.8 Nivolumab 54 65.1
Never smokers 6 7.2 Pembrolizumab 26 31.3
Histology Atezolizumab 3 3.6
Squamous 32 38.6 Mode of ICI administration
Non-squamous 51 61.4 Monotherapy 81 97.6
Mean baseline BMI (SD) 26.69 (4.69) Combination with chemotherapy 2 24
Baseline BMI Baseline cancer cachexia
<25 kg/m? 32 38.6 Yes 43 51.8
>25 kg/m? 51 61.4 No 40 48.2
Brain metastases Baseline LSMI
Yes 20 241 Male [mean (SD)] 46.26 (10.07)
No 63 75.9 Female [mean (SD)] 34.6 (6.74)
Liver metastases Baseline LSMI
Yes 23 277 Below LNV 39 47.0
No 60 793 Above LNV 15 18.1
Bone metastases Missing values 29 34.9
Yes 29 349 LSM.I change during ICl treatment %, 4.96 (Min: —28.08, Max:
median (range) 14.61)
No 54 65.1 Response to ICls
Number of organs with metastatic disease CR 1 1.2
1-2 57 68.7 PR 16 19.3
>2 26 31.3 sD 26 31.3
Baseline albumin levels PD 40 48.2
23.5 g/dL 64 774 Duration of disease control* (N=38)
<3.5 g/dL 12 14.5 <6 months 10 26.3
Missing values 7 8.4 >6 months 28 73.7

Table 1 (continued)
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Table 1 (continued)
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Table 1 (continued)

All patients
Variable
N %
Grade llI-IV irAEs
Yes 7 8.4
No 76 91.6

PFS (months), median (95% CI) 4.80 (3.10-6.50)

OS (months), median (95% ClI) 9.90 (6.81-12.98)

Follow up (months), median (95% Cl) 9.53 (6.05-13.01)

*, duration of disease control was calculated amongst the
individuals who had achieved PR or SD during their first
assessment after ICl administration and they had sufficient
follow-up for 6 months or more. SD, standard deviation; ICl,
immune checkpoint inhibitor; LSMI, lumbar skeletal muscle index
(at the level of 3" lumbar vertebra); LNV, lower normal value
that was set for males, 55 cm/m’® and for females, 39 cm/m?;
irAEs, immune related adverse events; PFS, progression free
survival; OS, overall survival; Cl, confidence intervals.

Baseline LSMI distributions were significantly different
between cachectic and non-cachectic males (P=0.001) but
not females (P=0.606) (Figure S2).

Twenty-eight patients had evaluable LSMI values at
their first evaluation post ICI initiation. Median LSMI
percentage change during I-O was —4.96% (range, —28.08%
to 14.61%). In order to access any potential associations of
LSMI fluctuations during ICI treatment we categorized the
patients according to their percent LSMI reduction during
I-O using as a cut-off the median LSMI reduction during
treatment which was 5%.

Effect of the studied variables on response outcomes

Baseline BMI <25 kg/m’ (P=0.047) and the presence of CCS
(P<0.001) were significantly associated with inferior ORR.
The associations of all the studied parameters with ORR are
demonstrated in Table S1. Similarly, CCS was significantly
associated with reduced DCR (P<0.001) along with baseline
LSMI <Lower Normal Limit (LNL) (P<0.001), BMI
<25 kg/m’ (P=0.039) and metastatic spread in >2 organs
(P=0.034). The effect of the analyzed variables on DCR are
depicted in Table S2.

The distributions of LSMI percent change during I-O
did not significantly differ amongst the individuals who
achieved CR or PR as compared to those who experienced
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SD or PD (P=0.446) (Figure S3A). In the same fashion,
the distributions of LSMI percent change during I-O did
not differ between the individuals with disease control
as compared to those who experienced PD (P>0.99)
(Figure S3B) and amongst those who achieved prolonged
disease control >6 months vs. those who did not (P=0.424)
(Figure S3C).

In the univariate logistic regression analysis BMI
<25 kg/m’ [OR =2.58 (95% CI: 1.04-6.19), P=0.041] and
the presence baseline CCS [OR =8.89 (95% CI: 3.28-24.12),
P<0.001] were significantly associated with increased
probability of PD as best response to ICI treatment
(Figure 24, Table S3). However, in the multivariate analysis,
only CCS, OR =8.11 (95% CI: 2.95-22.94, P<0.001) with
an area under the curve (AUC) =0.748 (95% CI: 0.640-
0.856) independently predicted for increased probability of
PD as best response to treatment (Figure 2B and Table S3).

Effect of the studied variables on survival outcomes

Patients with baseline CCS experienced significantly
inferior PFS (2.36 vs. 7.33 months, P<0.001) (Figure 34) and
inferior OS (3.70 vs. 17.93 months, P<0.001) (Figure 3B)
as compared to non-cachectic individuals. In a similar fashion,
patients with baseline LSMI consistent with sarcopenia had
significantly reduced PFS (2.96 vs. 7.96 months, P=0.032)
(Figure 3C) and reduced OS (5.43 months vs. not reached,
P=0.006) (Figure 3D) as compared to the individuals with
baseline LSMI values not consistent with sarcopenia.

However, LSMI reduction >5% during I-O did not have
any effect on PFS (7.96 vs. 7.33 months, P=0.193) (Figure 44)
nor OS (19.20 vs. 14.03 months, P=0.400) (Figure 4B).

The effect of all the other studied covariates on survival
outcomes are summarized on Table S4.

The presence of baseline cachexia significantly reduced
survival in the subgroup of patients that received I-O
as first line treatment (not reached vs. 13.37 months,
P=0.028) (Figure 5A) and to the subgroup of patients
that received I-O as second line treatment (12.70 vs.
3.23 months, P=0.003) (Figure 5B). Finally, the presence
of baseline cancer cachexia was significantly associated
with inferior 6 months survival since the initiation of I-O

(P<0.001) (Figure S4).

Univariate and multivariate analysis

Univariate and multivariate analyses on the effect of the
analyzed variables on PFS and OS are summarized in Table 2.
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Figure 2 Forest plots depicting the odds ratios of the studied variables on the probability of having disease progression as best response

to ICI treatment. (A) Univariate analysis; (B) multivariate analysis. ICI, immune checkpoint inhibitor; BMI, body mass index; PD-LI,
programmed death-ligand 1; PS, performance status.
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Figure 3 Kaplan-Meier curves depicting the effect of baseline CCS on PFS (A), OS (B) and the effect of baseline LSMI values on PFS (C)
and OS (D). CCS, cancer cachexia syndrome; PFS, progression free survival (months); OS, overall survival (months); LSMI, lumbar skeletal
muscle index (cm’/m?) (at the level of 3rd lumbar vertebra); LNL, lower normal limit (55 cm’/m’ for males and <39 cm*/m’ for females).
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index (cm’/m?) (at the level of 3™ lumbar vertebra); I-O, immunotherapy; PFS, progression free survival; OS, overall survival.
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Figure 5 Log rank test demonstrating the effect of cancer cachexia syndrome on overall survival amongst the patients’ subgroups that
received PD-1/PD-L1 inhibitors as first line treatment (A) and second line treatment (B). OS, overall survival; PD-1, programmed death-1;

PD-L1, programmed death ligand 1.

ICI administration as 2™ line of treatment [HR =2.22 (95%
CI: 1.19-4.40), P=0.023] and baseline CCS [HR =2.72 (95%
CI: 1.64-4.50), P<0.001] reached statistical significance in
the univariate analysis for PFS. However, in the multivariate
analysis only the presence of baseline CCS [HR =2.49
(95% CI: 1.49-4.16), P<0.001] emerged as an independent
predictor for shorter PFS.

In the univariate analysis performance status 2, high
disease burden, ICI administration as 2™ line of treatment
and baseline CCS were significantly associated with inferior
OS. However, in the multivariate analysis, performance

© Translational Lung Cancer Research. All rights reserved.

status 2 [HR =1.98 (95% CI: 1.10-3.58), P=0.023], ICI
administration as 2™ line of treatment [HR =2.91 (95% CI:
1.13-7.49), P=0.027] and the presence of CCS [HR =2.52
(95% CI: 1.40-4.55), P=0.002] independently predicted for
shorter survival (Table 2).

In the univariate analysis on the effect of baseline cancer
cachexia on the probability of death within 6 months since
the initiation of I-O, cancer cachexia was significantly
associated with increased risk of death within the first
6 months of I-O [HR =3.90 (95% CI: 1.75-8.70), P=0.001)]
(Figure S4).
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Table 2 Univariate and multivariate analysis using Cox regression method in the whole patient population

PFS oS
Cox regression
HR (95% CI) P value HR (95% Cl) P value
Univariate analysis
Age =70 years old 0.94 (0.57-1.54) 0.803 0.98 (0.58-1.69) 0.957
Performance status 2 1.42 (0.81-2.50) 0.220 2.18 (1.21-3.90) 0.009
Female gender 1.46 (0.76-2.80) 0.257 1.26 (0.61-2.57) 0.523
Squamous histology 0.582 (0.53-1.43) 0.869 1.17 (0.68-1.99) 0.573
Brain metastases 1.43 (0.82-2.48) 0.207 1.38 (0.75-2.53) 0.302
Liver metastases 1.65 (0.98-2.77) 0.059 1.28 (0.72-2.29) 0.406
Bone metastases 1.11 (0.68-1.18) 0.675 1.42 (0.83-2.43) 0.200
High disease burden* 1.63 (0.98-2.70) 0.060 1.77 (1.02-3.06) 0.041
PD-L1 <1% 0.95 (0.46-1.95) 0.880 0.60 (0.28-1.29) 0.189
ICls as 2™ or later line of treatment 2.22 (1.19-4.40) 0.023 3.90 (1.55-9.82) 0.001
Baseline cancer cachexia 2.72 (1.64-4.50) <0.001 3.22 (1.82-5.69) <0.001
Multivariate analysis
Age =70 years old
Performance status 2 1.98 (1.10-3.58) 0.023
Female gender
Sqguamous histology
Brain metastases
Liver metastases
Bone metastases
High disease burden 1.16 (0.64-2.11) 0.618
PD-L1 <1%
ICls as 2nd or later line of treatment 1.83 (0.91-3.66) 0.088 2.91 (1.13-7.49) 0.027
Baseline cancer cachexia 2.49 (1.49-4.16) <0.001 2.52 (1.40-4.55) 0.002

*, high disease burden = metastatic dissemination in more than 2 organs. PFS, progression free survival; OS, overall survival; HR, hazard
ratio; ICI, immune checkpoint inhibitor; PD-L1, programmed death ligand-1.

Discussion

In this prospective study, we demonstrated that cancer
cachexia is associated with reduced response rates to PD-1/
PD-L1 inhibitors and that it consists an independent
predictor for both inferior PFS and OS. LSMI values below
the thresholds for sarcopenia were also associated with
inferior survival outcomes.

We decided to categorize the patients of our cohort
according to the presence of cancer cachexia based on the
criteria set by Fearon et a/. (18) since they specifically focus on

© Translational Lung Cancer Research. All rights reserved.

cancer-related cachexia and take into account pretreatment
weight loss, BMI and body composition analysis. Cancer
cachexia had a high prevalence amongst the patients of our
cohort in accordance with previously published reports (22).
Our results are in accordance with previous published
retrospective reports addressing the negative effects of
weight loss and reduced muscle mass on I-O outcomes
(23-27). Turner et al. (23) performed a pharmacokinetic
analysis in patients with NSCLC and melanoma that
were treated with pembrolizumab monotherapy. An
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association between rapid baseline plasma clearance (CL,)
of pembrolizumab and poor OS was reported despite
a lack of association between plasma exposure and OS
at pembrolizumab doses between 2 and 10 mg/kg. The
researchers suggested that the substantial difference in
OS was attributed to underlying increased catabolic status
caused by CCS, providing indirect evidence that patients
with elevated serum protein catabolism are refractory to
ICIs. Shiroyama ez a/. (24) demonstrated in a retrospective
cohort of metastatic NSCLC patients that sarcopenia,
which was calculated by the psoas muscle index in CT
scans, was associated with reduced response rates to PD-1
inhibitors and inferior PFS. Miyawaki ez a/. (25) and Roch
et al. (26) in retrospective cohorts also demonstrated that
cachexia, defined as pretreatment weight loss >5% in the
last 6 months, was an independent predictor of adverse
survival outcomes in metastatic NSCLC patients treated
with ICIs. Finally, Chu er al. (27) reported that skeletal
muscle density is predictive and prognostic in melanoma
patients treated with ipilimumab. Our prospective data
reinforce these previous retrospective reports on the adverse
effects of cachexia and reduced muscle composition on I-O
outcomes. However, in contrast to these studies we used
a multifaceted definition of cancer cachexia status (18) for
the classification of patients of our cohort, since we took
into account pretreatment weight loss along with BMI and
skeletal muscle index. Importantly, our findings along with
the aforementioned retrospective data demonstrate that
the presence of cachexia should constitute an additional
classification factor in the design of future I-O trials.

Interestingly the distributions of LSMI percent change
during I-O did not differ among responders and non-
responders to treatment. In addition, LSMI reduction >5%
was not associated with inferior PFS or OS in our cohort.
These findings are in contrast with the results published
by Roch et al. (26) who reported that evolving sarcopenia,
defined as reduction in skeletal muscle index more than 5%
during I-O, was associated with adverse survival outcomes.
These differences can be attributed to the small number of
28 patients analyzed in our study and the possible selection
bias for this subgroup in our cohort. However, body
composition fluctuations and their effect on I-O outcomes
is an interesting research subject that warrants further
investigation.

It has been demonstrated using experimental models
that the molecular cascades that govern the pathogenesis of
cachexia also negatively affect a wide spectrum of immune
antitumor functions (12-16). Furthermore, inhibition
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of cytokine pathways implicated in the development of
cachexia has been shown to invigorate antitumor immune
responses (28-30) and combined blockade of specific pro-
cachexia mediators and PD-1/PD-L1 axis was also reported
to exert synergistic effects (31,32). Thus, the combination of
anti-cachexia treatments along with immunotherapies might
be necessary for the enhancement of I-O effectiveness and
improvement of patient outcomes in patients with cancer
cachexia. Nevertheless, further research of the serum or
TME of patients with cachexia is required to decipher of
the underlying processes that lead to higher rates of ICIs
failure in cachectic individuals.

To our knowledge, this is the first prospective study
investigating the effect of cancer cachexia on I-O treatment
outcomes. In addition, we utilized the definition set by the
international consensus for the classification of patients
for cancer cachexia. Finally, our study sample consists
exclusively from patients with NSCLC who received in
their vast majority I-O as PD-1/PD-L1 monotherapy. The
main limitations of our study are the relatively small sample
size conferring limited statistical power and the fact that we
included NSCLC patients receiving ICIs in different lines
of therapy and the lack of translational and molecular data.

Conclusions

Cancer cachexia is an adverse independent factor predicting
for poor outcomes in patients with metastatic NSCLC
receiving ICIs and should constitute an additional
stratification factor in the design of future immunotherapy
trials. Finally, further research on the molecular
pathogenesis of cachexia could result in the discovery of
mechanisms that confer resistance to immunotherapy and
the development of novel biomarkers and immunotherapy
combinations.
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