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Abstract

Background We investigated the prognostic significance of body mass index in small-cell lung cancer and explored
whether skeletal muscle status affects the body mass index—survival relationship.

Methods This retrospective study evaluated data from patients who underwent platinum-etoposide chemotherapy for
small-cell lung cancer between March 2010 and December 2021. Skeletal muscle status was assessed using
non-contrast computed tomography images of baseline positron-emission tomography-computed tomography, with
the skeletal muscle index defined as the cross-sectional area of skeletal muscle divided by height squared, and the av-
erage attenuation values of skeletal muscle. Cox proportional hazards regression analysis was used to determine the
correlations of body mass index, skeletal muscle metrics, and overall survival.

Results We analysed the data of 1146 Asian patients (1006 men and 140 women, with a median age of 67 years
[interquartile range: 61-72 years]), including 507 and 639 patients with limited and extensive disease, respectively.
Being underweight, defined as a body mass index <18.5 kg/m?, was associated with shorter overall survival, indepen-
dent of clinical covariates in both the limited-disease (hazard ratio, 1.77; 95% confidence interval, 1.01-3.09) and
extensive-disease (hazard ratio, 1.71; 95% confidence interval, 1.18-2.48) groups. The prognostic value of being under-
weight remained significant after additional adjustment for skeletal muscle index and attenuation in both
limited-disease (hazard ratio, 1.96; 95% confidence interval, 1.09-3.51) and extensive-disease (hazard ratio, 1.75;
95% confidence interval, 1.17-2.61) groups.

Conclusions Being underweight is an independent poor prognostic factor for shorter overall survival in Asian patients
with small-cell lung cancer, regardless of skeletal muscle status.
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Introduction early resistance to treatment and the tendency to present

with metastasis at the time of diagnosis.> As a result,
Lung cancer is the leading cause of cancer-related mortality SCLC has a poor prognosis, with a median overall survival
and is responsible for an estimated 1.8 million deaths (OS) of 25-30 months in the limited-disease (LD) stage, and
worldwide.* Small-cell lung cancer (SCLC) accounts for 14%  7-9.6 months in the extensive-disease (ED) stage under stan-
of lung cancer, which is an aggressive subtype known for dard care.>* Despite efforts to treat SCLC, the prognosis of
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SCLC has not improved as much as that of non-small cell lung
cancer (NSCLC) in recent decades.? Therefore, identifying
prognostic factors to improve the prognosis in SCLC patients
is of utmost importance.

An association between body mass index (BMI) and OS in
patients with lung cancer has been reported, with under-
weight patients showing worse OS, and with those with
obesity demonstrating better outcomes.®> However, the exact
reason for this association remains uncertain, with possible
explanations ranging from methodological limitations to po-
tential biological mechanisms.®’ Because BMI cannot differ-
entiate between skeletal muscle and fat, which have different
biological functions,® and as its role in indicating body com-
position is limited,® various methods have been developed
to assess body composition and overcome the limitations of
BMI. One such method is computed tomography (CT), which
enables the quantitative measurement of skeletal muscle sta-
tus in terms of cross-sectional area and attenuation value.
Skeletal muscle mass and skeletal muscle attenuation (SMA)
determined using CT have been suggested to be important
prognostic factors for several types of cancer.’%*!

Previous studies have suggested the negative prognostic
impact of low BMI® and skeletal muscle mass*>*2 in patients
with SCLC. However, concurrent evaluation of BMI and
skeletal muscle mass and their combined association with
prognosis in this population have not been well-studied. Con-
sidering the positive correlation between BMI and skeletal
muscle mass, it is plausible that the prognostic significance
of these factors is interrelated. Specifically, the effect of
BMI on SCLC prognosis may be confounded by skeletal mus-
cle status, which is an important factor in determining this
relationship.

Smoking is a well-known risk factor for chronic obstructive
pulmonary disease (COPD), reduced BMI and skeletal muscle
impairment.’**> Notably, almost all patients with SCLC are
smokers.'® Although associations of BMI and skeletal muscle
mass with OS in patients with NSCLC have been suggested,*’
it remains unclear whether these associations hold true in pa-
tients with SCLC due to the distinct nature of this cancer.
Therefore, the aim of this study was to investigate the prog-
nostic significance of BMI in patients with SCLC and to evalu-
ate the potential influence of skeletal muscle status on the
BMI-survival relationship.

Materials and methods

This retrospective, single-centre study was conducted at a
tertiary referral medical centre. The Institutional Review
Board of Samsung Medical Center (IRB file No. 2022-04-
076) approved this study and waived the need for obtaining
written informed consent. This study was conducted accord-
ing to the principles of the Declaration of Helsinki.

Patients

From the Clinical Data Warehouse Darwin-C (CDW) of
Samsung Medical Center, we extracted data of 2547 Asian
patients who received a first diagnosis of SCLC, based on his-
tology, between March 2010 and December 2021. Among
them, 1247 patients who underwent platinum-etoposide
chemotherapy within 90 days of pathological confirmation,
as well as positron-emission tomography-CT (PET-CT) within
60 days before starting chemotherapy, were enrolled. There-
after, patients meeting the following criteria were excluded:
(i) poor image quality on PET-CT (e.g., metallic or streaking ar-
tefacts, inadequate position; n = 66), (ii) insufficient clinical
data (n = 24), (iii) segmentation error during image analysis
(n = 7), and (iv) chemotherapy in an adjuvant setting after
surgery (n = 4) (Figure 1).

PET-CT imaging

18F_fluorodeoxyglucose (18F-FDG) PET-CT images were ob-
tained using a Discovery STE PET-CT scanner (GE Healthcare,
Milwaukee, WI, USA). Sixty minutes after the intravenous
injection of 8F-FDG (5.0 MBgq/kg), a non-contrast CT scan of
the whole body was performed using a 16-slice helical CT
scanner (acquisition parameters: 140 kVp, 30—170 mAs, pitch
of 1.75, and section width of 3.75 mm). Subsequently, an
emission scan was performed from the base of the skull to
the thigh for 2.55 min/frame.

Image analysis

Non-contrast baseline PET-CT images were analysed using a
commercially available deep learning-based software
(DeepCatch V.1.1.5; MedicallP, Seoul, Korea). After automatic
selection of the level of the third lumbar vertebrae,>* skeletal
muscles, including the internal and external obliques,
transversus abdominus, rectus abdominus, psoas, quadratus
lumborum and erector spinae muscles, were automatically
segmented by using predetermined thresholds of —29 to
150 Hounsfield units (HU), while visceral fat and subcutane-
ous fat were automatically segmented based on predeter-
mined thresholds of —190 to —30 HU (Figure 2).Y” A
board-certified radiologist with 7 years of experience in
musculoskeletal imaging confirmed the appropriateness of
the level selection and segmentation while blinded to patient
information. The total cross-sectional area (cm?) of these
skeletal muscles and the visceral and subcutaneous fat for
each patient were then divided by height-squared to calcu-
late the skeletal muscle index (SMI), visceral fat index (VFI),
and subcutaneous fat index (SF1) (cm?/m?) of each patient.>?
SMA was measured, defined as the average CT attenuation
value of the voxel within these skeletal muscles. Myopenia
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2547 consecutive Asian patients who were histologically and initially diagnosed
as SCLC between March 2010 and December 2021

v

Inclusion (n = 1247)

available

Patients treated with platinum-etoposide chemotherapy within 90 days after
pathologic confirmation and with PET-CT obtained within 60 days pre-treatment

Exclusion (» = 101)

|- - Poor image quality of PET-CT (n = 66)

- Insufficient clinical data (n = 24)

- Segmentation error during image analysis (n = 7)

- Chemotherapy in adjuvant setting after surgery (n = 4)

1146 patients were included for this study

Figure 1 Flow chart illustrating selection of the study population. PET-CT, positron-emission tomography—computed tomography; SCLC, small-cell lung

cancer.

(A)

Figure 2 Examples of automated segmentation of skeletal muscles, vis-
ceral fat, and subcutaneous fat at the level of the third lumbar vertebrae.
Skeletal muscles, visceral fat, and subcutaneous fat were visually
highlighted by red, blue, and yellow overlays, respectively, in patients with
LD- and ED-SCLC, who had similar SMI, age, and sex, but different BMI. (A)
A 56-year-old male patient with LD-SCLC had a BMI of 18.1 kg/m2 and an
SMI of 44.6 cmz/mz. He received CCRT and died 9.7 months after treat-
ment. (B) A 56-year-old male patient with ED-SCLC had a BMI of
26.8 kg/m2 and an SMI of 44.6 cm®/m”. He received palliative chemother-
apy and died 20.8 months after treatment. BMI, body mass index; CCRT,
concurrent chemoradiation therapy; ED, extensive disease; LD, limited dis-
ease; SMI, skeletal muscle index.

was defined as SMI of <52.4 cm?/m? in men and
<38.5 cm?/m? in women.®2 SMA was dichotomized using
sex-specific medians as cutoff values, defining myosteatosis
as the presence of an SMA lower than the relevant sex-
specific median.

Data collection and endpoint

The following baseline characteristics were gathered by
extraction using the CDW and electronic medical record
reviews: age, sex, smoking status, height, body weight, blood
neutrophil-to-lymphocyte ratio (NLR), Eastern Cooperative
Oncology Group performance status (ECOG PS), Charlson
co-morbidity index,*® and pulmonary function test results.
BMI was calculated as body weight divided by height-squared,
and then categorized into underweight (<18.5 kg/m?),
normal (18.5-22.9 kg/m?), overweight (23.0-24.9 kg/m?) or
obese (>25.0 kg/m?) according to the Asia-Pacific
classification.'® We also recorded SCLC stage according to
a modified version of the Veterans Administration Lung
Cancer Study Group,*® treatment agents used, and whether
the patients underwent concurrent chemoradiation therapy.
The diagnosis of COPD was made and the airflow limitation
severity was classified according to the 2022 Global Initiative
for Chronic Obstructive Lung Disease guidelines.?®

OS was the endpoint of this study, defined as the time
from treatment initiation to death from any cause, and the
survival data were collected from the electronic medical re-
cords or the database of the Ministry of the Interior and
Safety of Korea.

Statistical analysis

Patient characteristics are presented as absolute numbers
and percentages for categorical variables and as medians
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with interquartile ranges (IQR) for continuous variables. To
compare the baseline characteristics of each BMI categories,
the chi-square test or Fisher’s exact test was applied for cat-
egorical variables, as appropriate, according to the results of
the normality test, and the Kruskal-Wallis test was applied
for comparison of continuous variables.

Survival curves according to BMI categories, myopenia,
and SMA for the LD and ED stages were estimated using
the Kaplan—Meier method and were compared using the
log-rank test.

Cox proportional hazard regression analysis was per-
formed to estimate the hazard ratios (HRs) and correspond-
ing 95% confidence intervals (Cls) associated with BMI cate-
gories and body composition indices, including SMI, SMA,
VFI and SFI, for the risk of mortality. SMI, SMA, VFI and SFI
were treated as continuous variables (per sex-specific stan-
dard deviation). Each variable was separately adjusted by
age (per 1 year), sex (men/women), smoking status (never-
smoker/ex-smoker/current-smoker), ECOG PS (0/1/2 or
more), Charlson co-morbidity index (per 1 point), NLR (<3/
>3) and COPD status (normal/mild/moderate/severe) to con-
struct Model I. Thereafter, Model Il included BMI category,
SMI and SMA and was adjusted using the same covariates
to explore whether the prognostic impact of these variables
was independent of each other. Analyses were performed
separately for the LD and ED groups, which additionally in-
cluded concurrent chemoradiation therapy status (no/yes)
and combination immunotherapy (no/yes) as covariates. In-
teraction term analysis was also used to explore whether

Table 1 Baseline patient characteristics.

the prognostic values of BMI, SMI and SMA differed between
the LD and ED stages.

Statistical analyses were performed using MedCalc
Statistical Software version 20.118 (MedCalc Software Ltd.,
Ostend, Belgium) and Rex-Pro (version 3.6.0; RexSoft, Co.
Ltd., Seoul, Republic of Korea). Statistical significance was
set at P < 0.05.

Results

A total of 1146 patients with a median age of 67 years (IQR
61-72 years; 1006 men and 140 women) were included in
this study. The number of patients in the LD and ED
stages was 507 (86 treated with etoposide + carboplatin
and 421 with etoposide + cisplatin) and 639 (319 treated with
etoposide + carboplatin and 320 treated with
etoposide + cisplatin), respectively. In the ED group, 122 pa-
tients received immune checkpoint inhibitors as combination
therapy (110 treated with atezolizumab, 9 with durvalumab
and 3 with pembrolizumab). The median interval between
the PET-CT examination and treatment initiation was 7 days
(IQR 3-14 days). Our cohort consisted of 58 underweight
patients (5.1%), 405 patients (35.3%) with a normal BMI,
297 overweight patients (25.9%) and 386 obese patients
(33.7%). Overall, 898 patients (78.4%) died during a median
follow-up of 13.4 months (IQR 7.7-22.6 months). A total of
110 patients (9.6%) had never smoked. Based on the cutoff

Characteristics Total (n = 1146) Underweight (n = 58) Normal (n = 405) Overweight (n = 297) Obese (n = 386) P-value
Age (years)? 67 (61, 72) 68.5 (61, 75.5) 67 (62, 73) 67 (62, 72) 65 (59, 70) <0.001°
Male sex 1006 (87.8%) 49 (84.5%) 349 (86.2%) 269 (90.6%) 339 (87.8%) 0.293¢
Smoking status 0.020°
Never smoker 110 (9.6%) 3 (5.17%) 42 (10.4%) 19 (6.4%) 46 (11.9%)
Ex-smoker 450 (39.3%) 18 (31.0%) 144 (35.6%) 126 (42.4%) 162 (42.0%)
Current smoker 586 (51.1%) 37 (63.8%) 219 (54.1%) 152 (51.2%) 178 (46.1%)
ECOG PS 0.023¢
0-1 1065 (92.9%) 52 (89.7%) 368 (90.9%) 275 (92.6%) 370 (95.9%)
>2 81 (7.1%) 6 (10.3%) 37 (9.1%) 22 (7.4%) 16 (4.2%)
cd 0.464°
0 423 (36.9%) 19 (32.8%) 164 (40.5%) 100 (33.7%) 140 (36.3%)
1 513 (44.8%) 31 (53.5%) 170 (42.0%) 138 (46.5%) 174 (45.1%)
>2 210 (18.3%) 8 (13.8%) 71 (17.5%) 59 (19.9%) 72 (18.7%)
Stage 0.008°
LD 507 (44.2%) 23 (39.7%) 166 (41.0%) 120 (40.4%) 198 (51.3%)
ED 639 (55.8%) 35 (60.3%) 239 (59.0%) 177 (59.6%) 188 (48.7%)
NLR® 2.43 (1.72, 3.55) 3.46 (2.36, 5.18) 2.58 (1.72, 3.82) 2.49 (1.77, 3.55) 2.15(1.62, 3.02) <0.001°
COPD status 0.206°
Yes 392 (43.1%) 16 (39.0%) 124 (40.7%) 95 (40.4%) 157 (47.7%)
No 518 (56.9%) 25 (61.0%) 181 (59.3%) 140 (59.6%) 172 (52.3%)

Unless otherwise indicated, the data are presented as the number of patients with percentages in parentheses.
CCl, Charlson co-morbidity index; COPD, chronic obstructive pulmonary disease; ECOG PS, Eastern Cooperative Oncology Group perfor-
mance status; ED, extensive disease; IQR, interquartile range; LD, limited disease; NLR, blood neutrophil-to-lymphocyte ratio.

“Data are presented as medians with IQRs in parentheses.
PKruskal-Wallis test.
‘Chi-squared test.

Fisher's exact test.
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Figure 3 Kaplan—Meier estimates of overall survival in LD-SCLC, with ver-
tical dashes indicating censored data. The estimates are stratified accord-
ing to (A) BMI categories, (B) myopenia, and (C) myosteatosis. BMI, body
mass index; LD, limited disease; SCLC, small-cell lung cancer.

values, 775 patients (67.6%) were categorized as having
myopenia.

The baseline patient characteristics are summarized in
Table 1. Significant differences were observed among the
BMI categories for age (P < 0.001), smoking status
(P = 0.020), ECOG PS (P = 0.023), SCLC stage (P = 0.008) and
NLR (P < 0.001). The underweight group was more likely to
be older, currently smoking, and having an ECOG PS > 2, ED
stage, and higher NLR. No other significant differences were
found among BMI categories.

Survival analysis for LD stage

The median OS was 23.6 months (95% Cl, 21.0-26.5 months).
Kaplan—Meier curves and log-rank tests showed that OS dif-
fered significantly among the different BMI categories (log-
rank P = 0.024), with reduced OS observed in underweight
patients (median OS, 16.2 months; 95% Cl, 9.6—-33.8 months).
Patients with myopenia (median OS, 20.5 months; 95% Cl,
18.1-23.1 months) had shorter OS than those without
myopenia (median 0S, 27.5 months; 95% Cl, 24.8-
34.5 months) (log-rank P = 0.003). OS was significantly
shorter in patients with myosteatosis (median OS,
20.3 months; 95% Cl, 17.1-23.1 months) than in patients
without myosteatosis (median 0OS, 27.0 months; 95% Cl,
23.7-32.4 months) (log-rank P < 0.001) (Figure 3).

In the Cox proportional hazard regression analysis adjusted
for clinical covariates, underweight patients had a 77% in-
creased risk of death as compared to patients with a normal
BMI. A decrease of one sex-specific standard deviation in
SMA was associated with a 14% increased risk of death.
However, overweight or obese BMI categories, SMI, VFI and
SFI were not significantly associated with OS (Table 2,
Model 1). The association observed between being under-
weight and SMA remained significant in Model II, in which
BMI, SMI and SMA were entered together to adjust for each
other (Table 2; Model Il).

Survival analysis for ED stage

The median OS was 11.7 months (95% Cl, 11.0-12.4 months).
OS differed significantly according to BMI categories (log-rank
P = 0.014), where underweight patients had the shortest
0OS (median 0OS, 5.4 months; 95% Cl, 3.3—-10.1 months).
Patients with myosteatosis (median OS, 10.4 months; 95%
Cl, 9.7-11.5 months) had significantly shorter OS than those
without myosteatosis (median 0OS, 12.8 months; 95% Cl,
11.9-14.0 months) (log-rank P < 0.001). However, OS did
not significantly differ between patients with (median OS,
11.3 months; 95% Cl, 10.1-12.1 months) and without
(median 0S, 12.4 months; 95% ClI, 11.3-13.2 months)
myopenia (log-rank P = 0.699) (Figure 4).
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Table 2 Association between body mass index, body composition indices and overall survival in limited disease group.

Model | Model I1?

Characteristics HR (95% ClI) P-value HR (95% ClI) P-value
BMI (kg/m?)

Underweight (<18.5) 1.77 (1.01-3.09) 0.046 1.96 (1.09-3.51) 0.024

Normal (18.5-22.9) 1 (reference) 1 (reference)

Overweight (23.0-24.9) 1.06 (0.79-1.42) 0.721 0.94 (0.68-1.30) 0.729

Obese (>25) 1.01 (0.77-1.33) 0.936 0.88 (0.62-1.26) 0.490
SMI (per 1 SD decreasing) 1.02 (0.91-1.16) 0.703 0.95 (0.81-1.12) 0.519
SMA (per 1 SD decreasing) 1.14 (1.00-1.30) 0.045 1.18 (1.03-1.36) 0.020
VFI (per 1 SD increasing) 0.96 (0.86-1.07) 0.454 - -
SFI (per 1 SD increasing) 1.01 (0.90-1.13) 0.928 - -

All models were adjusted for the following covariates: age (per 1 year), sex (men/women), smoking status (never-/ex-/current-smoker),
ECOG PS (0/1/>2), CClI (per 1 point), CCRT (yes/no), NLR (>3/<3), COPD (normal/mild/moderate/severe).

BMI, body mass index; CCl, Charlson co-morbidity index; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; ECOG PS,
Eastern Cooperative Oncology Group performance status; HR, hazard ratio; NLR, blood neutrophil-to-lymphocyte ratio; SD, standard de-
viation; SFI, subcutaneous fat index; SMA, skeletal muscle attenuation; SMI, skeletal muscle index; VFI, visceral fat index.

“BMI category, SMI, SMA were entered into model Il with adjustment for covariates.

Being underweight was associated with poor OS and a 71%
increased risk of death, independent of clinical covariates.
However, neither being overweight or obese nor any of the
body composition metrics were significantly associated with
OS after adjustment for the same clinical covariates (Table 3;
Model 1). Nevertheless, the significant association observed in
underweight patients persisted even after additional adjust-
ments for SMI and SMA (Table 3; Model II).

Interaction of BMI, SMI and SMA with stage

The association between the BMI categories and OS was
similar between patients in the LD and those in the ED
stages (P for interaction = 0.616). Similarly, the association
between SMI and OS was not significantly different between
these two stages (P for interaction = 0.552). Although Cox
proportional hazard regression analyses demonstrated that
the prognostic effect of SMA on OS was more evident in
the LD stage than in the ED stage (Tables 2 and 3), the
association between SMA and OS did not reach statistical
significance in terms of differences between the two stages
(P for interaction = 0.063).

Discussion

In our study, being underweight was an independent poor
prognostic factor in Asian patients with SCLC undergoing
platinum-etoposide chemotherapy, regardless of skeletal
muscle status and clinical covariates. Furthermore, a de-
crease in SMA was another poor prognostic factor, and its im-
pact was evident only in patients in the LD stage. Although
myopenia has been reported to be an independent poor
prognostic factor in previous studies,*®*2 its association with
OS was not significant in multivariable analyses. In addition to
the quantitative analysis of skeletal muscle status using CT

images of a large number of patients, the strength of our
study lies in the fact that we had separately analysed OS
according to disease stage, considering their distinctively
different prognosis,”* and that we included various clinically
relevant covariates.

Because BMI is an easily quantifiable biomarker and a key
component in the diagnosis of cachexia,>?> many studies have
investigated the association between BMI and prognosis in
cancer patients.>?3?* Most studies have found that being un-
derweight is a poor prognostic factor for several types of can-
cer, including lung cancer.>** Although the exact mechanism
has not been fully elucidated, cancer cachexia has been sug-
gested as the underlying biological mechanism linking low
BMI to poor prognosis in cancer patients.***> Given that
myopenia is widely regarded as a poor prognostic marker,®
body composition has attracted attention as a potential
explanation for the prognostic impact of BMI.**>*3 However,
we found that being underweight was a poor prognostic
factor for survival, regardless of the skeletal muscle status,
refuting the previous notion that skeletal muscle may be a
confounding factor.” Considering that our results also chal-
lenged the findings of previous studies that reported an asso-
ciation between fat depletion or ‘adipopenia’ and a poor
prognosis in patients with cancer,?® our study suggests that
additional factors beyond body composition might contribute
to the poor prognosis observed in underweight patients with
SCLC. Given the correlation among underweight, treatment
toxicity, and poor nutritional status,?” it is plausible that these
factors might serve as alternative explanations for the
underweight-survival relationship. This highlights the neces-
sity for further investigations aimed at identifying the under-
lying mechanism, optimal treatment approaches, with the
goal of improving outcomes in these patients.

Because L3 SMI has been introduced as a quantifiable
metric that is linearly related to whole-body muscle mass,®
it has been widely used in numerous observational studies,
defining an SMI below certain cutoffs as sarcopenia.*>?® Al-
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Figure 4 Kaplan—Meier estimates of overall survival in ED-SCLC, with ver-
tical dashes indicating censored data. The estimates are stratified accord-
ing to (A) BMI categories, (B) myopenia, and (C) myosteatosis. BMI, body
mass index; ED, extensive disease; SCLC, small-cell lung cancer.

though no standardized tool for defining sarcopenia exists,
a diagnosis of sarcopenia cannot be established solely based
on decreased skeletal muscle quantity, known as myopenia,
as low skeletal muscle strength and function are also essential
components.®® Thus, an additional surrogate marker is
required to supplement the limitations of muscle quantity
measurement. In this context, interest in muscle attenuation
measured on CT has been growing, as it is considered an index
that indirectly reflects muscle strength,! due to the observed
association between decreased muscle attenuation caused
by fat infiltration, referred to as myosteatosis, and poor prog-
nosis in various types of cancer, including lung cancer.*®**
Given the observed association between decreased SMA
and poor OS in the LD group, regardless of BMI and SMI,
our study results may imply that SMA has a higher prognostic
value than SMI as a surrogate marker for sarcopenia.

Lung cancer is one of the malignancies in which the para-
doxically beneficial impact of obesity on survival, termed
the ‘obesity paradox’, appears in several meta-analysis of
different cohort.3*33 Most of these studies involved patients
with NSCLC and demontrated that obese patients, defined as
having BMI > 30 kg/m?, had improved survival after surgical
resection,®® chemotherapy®® or immunotherapy.®® In con-
trast, we observed that obesity, defined as having
BMI > 25 kg/m?, was not independently associated with
improved OS in patients with SCLC, which was in line with
previous studies that applied 25 kg/m? 7 or 30 kg/m? *® as
cutoffs to define obesity. While the prognostic impact of
obesity seems to differ between NSCLC and SCLC, the cause
of this phenomenon remains poorly understood, as does
the obesity paradox. Given that smoking is suspected to be
a strong confounding factor in the obesity paradox,® the
disproportionally high smoker predominance in SCLC,*® and
the notion that smoking can affect weight and body
compositions,**** it might be a possible factor that should
be investigated in this context in future studies.

This study had several limitations other than the intrinsic
limitations of a retrospective study conducted in a single ter-
tiary hospital. First, because our study only included Asians,
selection bias may have been unavoidable. Moreover, the in-
clusion of only patients who underwent PET-CT and the con-
siderable male predominance in the patient cohort might
have exacerbated the selection bias. Given the previous no-
tion of heterogeneity in the association between BMI and
SCLC prognosis,” care should be taken when generalizing
the results of this study to other ethnicities. Second, while
being a significant prognostic factor, the limited prevalence
of underweight patients at 5.1% may constrain the clinical
implications. Third, there might be an effect from residual
or unmeasured confounding or reverse causation.® Although
we adjusted for as many clinically relevant covariates as pos-
sible, the influence of these methodological problems may
not have been eliminated. In particular, data regarding recent
weight loss, a crucial factor known to have an unfavourable
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Table 3 Association between body mass index, body composition indices and overall survival in extensive disease group.

Model | Model I1?

Characteristics R (95% Cl) P-value R (95% Cl) P-value
BMI (kg/m?)

Underweight (<18.5) 1.71 (1.18-2.48) 0.005 1.75 (1.17-2.61) 0.007

Normal (18.5-22.9) 1 (reference) 1 (reference)

Overweight (23.0-24.9) 1.09 (0.88-1.36) 0.407 1.07 (0.85-1.35) 0.539

Obese (>25) 1.13 (0.92-1.39) 0.252 1.10 (0.83-1.45) 0.523
SMI (per 1 SD decreasing) 1.01 (0.92-1.11) 0.819 0.99 (0.87-1.12) 0.835
SMA (per 1 SD decreasing) 1.03 (0.94-1.13) 0.577 1.03 (0.93-1.14) 0.530
VFI (per 1 SD increasing) 1.00 (0.91-1.09) 0.941 - -
SFI (per 1 SD increasing) 1.05 (0.96-1.15) 0.305 - -

All models were adjusted for the following covariates: age (per 1 year), sex (men/women), smoking status (never-/ex-/current-smoker),
ECOG PS (0/1/>2), CClI (per 1 point), CCRT (yes/no), NLR (>3/<3), COPD (normal/mild/moderate/severe).

BMI, body mass index; CCl, Charlson co-morbidity index; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; ECOG PS,
Eastern Cooperative Oncology Group performance status; HR, hazard ratio; NLR, blood neutrophil-to-lymphocyte ratio; SD, standard de-
viation; SFI, subcutaneous fat index; SMA, skeletal muscle attenuation; SMI, skeletal muscle index; VFI, visceral fat index.

“BMI category, SMI, SMA were entered into the model Il with adjustment for covariates.

prognostic effect in patients with cancer,>® was not available.
The availability of disease burden information, including the
number of metastases that impact patient prognosis, was
also lacking. Finally, inferring a causal relationship between
the variables and outcomes was challenging in this observa-
tional study and warrants future prospective studies.

In conclusion, being underweight is an independent poor
prognostic factor in Asian patients with SCLC, irrespective of
skeletal muscle status, for both patients in the LD and those
in the ED stages, highlighting that BMI should be considered
a prognostic biomarker, despite its limitations. SMA may have
more prognostic value than cross-sectional muscle area as a
surrogate marker for sarcopenia, which indirectly reflects
muscle quality. In addition to determining whether the asso-
ciations observed in our study are similar in patients of other
races, future studies should explore the underlying biology
that links underweight and poor prognosis to find optimal
treatment and improve clinical outcomes in patients with
SCLC.
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