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Background: Patients with lung cancer face a heightened risk of developing sarcopenia. Despite this known
risk, the impact of sarcopenia on the long-term prognosis of lung cancer patients, specifically concerning
progression-free survival (PFS) and overall survival (OS), remains unclear. The primary objective of our
study was to examine the correlation between metabolic parameters derived from *F-fluorodeoxyglucose
positron emission tomography/computed tomography (*F-FDG PET/CT) and sarcopenia, as well as the
prognostic value of sarcopenia in patients with surgically resected early-stage non-small cell lung cancer
(NSCLO).

Methods: In this retrospective cross-sectional study, we analyzed 187 NSCLC patients who underwent
"F-FDG PET/CT at the First Affiliated Hospital of Soochow University between March 2019 and October
2023. Patients were divided into two groups based on the presence (n=46) or absence (n=141) of sarcopenia.
The correlation between sarcopenia, metabolic parameters, and patient characteristics was evaluated using
chi-square and Mann-Whitney U tests. Survival analyses, including PFS and OS, were conducted using
Kaplan-Meier analysis and Cox proportional hazards regression. Based on sarcopenia, metabolic parameters
and patient characteristics, patients were classified into high-risk (n=28), intermediate-risk (n=121), and low-
risk (n=38) groups.
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Results: Our analysis identified gender, body mass index (BMI), psoas Hounsfield unit (HU), and
maximum standardized uptake value of the psoas major muscle (SUV,,-Muscle) as independent predictors
of sarcopenia (P<0.05 for all). A nomogram model, utilizing these parameters, was constructed to predict
sarcopenia. Survival analysis further demonstrated that total lesion glycolysis [hazard ratio (HR) =2.499;
95% confidence interval (CI): 2.014-3.267; P=0.016], sarcopenia (HR =3.323; 95% CI: 1.748-6.316;
P<0.001), and programmed death ligand-1 (PD-L1) expression (HR =0.093; 95% CI: 0.012-0.698; P=0.021)
emerged as independent predictors of OS in early-stage NSCLC. Notably, patients categorized as high-risk,
characterized by elevated total lesion glycolysis, presence of sarcopenia, and PD-L1 positivity, exhibited a
significantly poorer prognosis compared to the intermediate-risk (P<0.05) and low-risk groups (P<0.05).

Conclusions: Our findings indicated an inverse relationship between SUV,,.-Muscle or psoas HU with

the incidence of sarcopenia in NSCLC patients. Additionally, total lesion glycolysis, sarcopenia, and PD-
L1 expression were identified as independent prognostic factors for OS in early-stage NSCLC. The risk
stratification model, incorporating total lesion glycolysis, sarcopenia, and PD-L1 expression, assumed a

pivotal role in guiding personalized therapy decisions and post-treatment monitoring.
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Introduction

Lung cancer stands as the most prevalent form of malignant
tumor globally, with non-small cell lung cancer (NSCLC)
emerging as the predominant pathological subtype,
constituting approximately 80-85% of cases (1,2). Despite
ongoing advancements in treatments and enhancements in
patient care, the overall 5-year survival rate for lung cancer
remains suboptimal at 15% (3). Even in cases of early-
stage lung cancer, the 5-year survival rate post-surgery
fails to surpass 75% (4). A more nuanced comprehension
of prognostic factors can potentially unlock avenues for
substantial improvements in survival outcomes among
NSCLC patients.

"F-fluorodeoxyglucose positron emission tomography/
computed tomography ("*F-FDG PET/CT), an
amalgamation of anatomic imaging and functional metabolic
imaging, has become pervasive in the realm of lung cancer
diagnosis, treatment, and post-treatment monitoring. PET/
CT metabolic parameters provide an indirect assessment of
tumor cell heterogeneity by quantifying the level of glucose
metabolism within tumor cells. Numerous studies have
substantiated the association between metabolic parameters
and the overall prognosis of NSCLC, underscoring their
significance as pivotal prognostic factors (5,6).

Clinicopathologic features, such as stages and pathologic
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subtypes, are recognized as common prognostic factors in
NSCLC. In recent years, the advent of targeted therapy and
immunotherapy has elevated the significance of molecular
typing in both the diagnosis and treatment of lung cancer.
Driver gene mutations, pivotal in altering the biological
behavior of tumors, contribute to aspects of heterogeneity
and aggressiveness (7), thus emerging as potential
prognostic indicators. Furthermore, indicators of physical
function, including body mass index (BMI) and sarcopenia,
hold notable importance as clinicopathological features
(8,9).

Sarcopenia, characterized by persistent loss of skeletal
muscle mass (SMM), strength, and function (10), has gained
prominence in the context of lung cancer. Its prevalence in
the general population over the age of 70 hovers between
5% and 13% (11), but notably surges to approximately 50%
in NSCLC patients (12). Timely recognition of sarcopenia,
coupled with targeted interventions to enhance SMM and
function, presents an avenue for potential improvement in
prognostic outcomes (13). Presently, the measurement of
the skeletal muscle area (SMA) at the third lumbar vertebrae
through CT images, normalized to skeletal muscle index
(SMI), serves as a diagnostic criterion for sarcopenia (14).

In light of these considerations, we conducted this study
to explore the intricate relationship between sarcopenia
and metabolic parameters. Additionally, we discussed
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Patients with confirmed NSCLC (n=227)

Excluded (n=40):
* NSCLC pathologic subtypes other than
SCC and ADC (n=12)

Y

> ¢ Discernible asymmetry in the shape of
the psoas major muscle (n=5)

¢ Incomplete data (n=20)

e Loss to follow-up (n=3)

Enrolled in this study (n=187)

Yes No

v v

> Presence or absence of sarcopenia

Positive group (n=46)

Negative group (n=141)

Figure 1 Patient selection flowchart. NSCLC, non-small cell lung cancer; SCC, squamous-cell carcinoma; ADC, adenocarcinoma.

the prognostic significance of sarcopenia in combination
with metabolic parameters and patient characteristics in
early-stage NSCLC patients. We present this article in
accordance with the STROBE reporting checklist (available
at https://qims.amegroups.com/article/view/10.21037/
qims-24-852/rc).

Methods
Patients

"This retrospective study involved the analysis of 187 patients
diagnosed with NSCLC who underwent *F-FDG PET/
CT examinations at the First Affiliated Hospital of Soochow
University between March 2019 and October 2023. The
inclusion criteria were as follows: (I) surgically resected
and histopathologically confirmed NSCLC; (II) early-
stage NSCLC, including stage I or II (15); (III) availability
of complete clinical history, immunohistochemical (IHC)
results, and PET/CT images; (IV) no antitumor therapy
prior to histopathological analysis and imaging; and (V) the
absence of a previous history of malignant tumors other
than lung cancer. The exclusion criteria were applied to
patients with: (I) NSCLC pathologic subtypes other than
squamous cell carcinoma (SCC) and adenocarcinomas
(ADC); (II) discernible asymmetry in the shape of the psoas
major muscle due to trauma, disease, or hereditary factors
(Figure 1).

Among the 187 patients with early-stage NSCLC who
underwent radical surgery, 41 received postoperative
adjuvant chemotherapy. The retrospective analysis of
clinicopathological features included age, gender, smoking
history, history of diabetes, BMI, sarcopenia, tumor location,
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presence of cavity, burr characteristics, pathological subtype,
tumor-node-metastasis (TNM) stage (according to the
Eighth Edition of the TNM Staging System) (15), treatment
modalities, cell proliferation antigen (Ki-67), epidermal
growth factor receptor (EGFR), anaplastic lymphoma
kinase (ALK), programmed death ligand-1 (PD-L1),
psoas Hounsfield unit (HU), maximum standardized uptake
value (SUV,,,,), metabolic tumor volume (MTV), total
lesion glycolysis (TLG), SUV,,,, of the psoas major muscle
(SUV,.,~Muscle), progression-free survival (PFS), and
overall survival (OS). Additionally, the study adhered to the
principles of the Declaration of Helsinki (as revised in 2013)
and obtained ethical approval from the institutional ethics
committee of the First Affiliated Hospital of Soochow
University (No. 2024-027) and the requirement for
individual consent for this retrospective analysis was waived.

Detection of gene mutations

Histological classification of tumor surgical or biopsy
specimens was performed using hematoxylin-eosin (H&E)
staining. Detection of ALK fusion utilized the anti-ALK
(D5F3) rabbit monoclonal antibody (ALK Ventana-D5EF3
THC; Ventana Medical Systems, Oro Valley, AZ, USA) (16);
PD-L1 expression was assessed using the anti-PD-L1
(22C3) mouse monoclonal antibody (EnVision Flex, Dako
Autostainer Link 48; Dako, Santa Clara, CA, USA) (17).
DNA extraction from the samples and the amplification
of specific nucleotide fragments containing EGFR gene
fragments were achieved through polymerase chain reaction
(PCR) technology. Subsequently, detection of EGFR gene

mutation was carried out using real-time quantitative PCR
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Figure 2 Representative CT images of SMI (green overlay) and SUV,

max’

-Muscle (blue overlay) in non-sarcopenia and sarcopenia patients.

(A,B) A 64-year-old man with sarcopenia had an SMI and SUV, -Muscle of 27.13 and 0.56, respectively. (C,D) A 63-year-old man with
non-sarcopenia had an SMI and SUV,,.-Muscle of 72.44 and 1.03, respectively. CT, computed tomography; SMI, skeletal muscle index;

SUV,

max

(Cobas EGFR Mutation Test v2, Roche Molecular Systems;
Pleasanton, CA, USA) (18).

"F-FDG PET/CT acquisition and analysis

Imaging was conducted using a PET/CT scanner (GE
Healthcare, Chicago, IL, USA). Patients fasted for at least
6 hours prior to imaging, ensuring that blood glucose
levels remained below 11 mmol/L. Subsequently, "F-FDG
was injected at a volume of 3.7-4.4 MBq/kg. Following
injection, patients rested for 45-60 minutes. C'T scans
were conducted from the cranial vault to mid-thighs, with
parameters set at an acquisition current of 120 mA, voltage
of 140 kV, field of view of 700 mm, rotation speed of
0.8 seconds, and a slice thickness of 3.75 mm. PET imaging
ensued, capturing 7-10 bed positions per patient, with
2-3 minutes allotted per bed position. The ordered subset
expectation maximization (OSEM) algorithm facilitated the
attenuation correction of PET images and their co-location
with CT images.
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-Muscle, maximum standardized uptake value of the psoas major muscle.

Image analysis was executed at the Advantage
Workstation (GE Healthcare, USA) by two nuclear
medicine physicians holding an associate senior title or
higher. The psoas major muscle and the primary tumor
were delineated as regions of interest (ROIs). SUV,,, and
SUV,,cn represented the maximum and average values
of the ROI, respectively. The European Association of
Nuclear Medicine’s recommended MTV was determined
using a 41% SUV,, cutoff value. TLG was computed by
multiplying MTV by SUV_,, (19).

Sarcopenia measurement

Semi-automatic outlining of the SMA at the third lumbar
vertebra was performed on CT images obtained from
PET/CT imaging, utilizing a threshold range of 29 HU to
150 HU (20). SMA was normalized to SMI (cm’/m”) based
on the patient’s height. Sarcopenia was defined as SMI
<32.50 cm’/m’ for females and SMI <44.77 ecm’/m’ for
males (21) (Figure 2). SMA measurements were conducted
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using Tomovision sliceOmatic (Version 5.0 Rev-9;
TomoVision, Magog, Quebec, Canada). In addition, a BMI
<18.5 indicated emaciation.

Statistical analysis

The Kolmogorov-Smirnov (KS) test was employed to
assess the normality of the statistical data. Differences in
categorical variables were assessed using the Chi-squared
test, whereas differences in non-normally distributed
continuous variables were analyzed with the Mann-Whitney
U-test. Binary logistic regression analyzed the risk factors of
sarcopenia. PFS was defined as the duration from treatment
to progression or death, and OS was defined as the time
from treatment to death.

Receiver operating characteristic (ROC) curve analysis
was performed to determine the optimal threshold of
metabolic parameters for predicting prognosis. Kaplan-
Meier (KM) analysis and Cox proportional-hazards
regression were employed for survival analysis. A
significance threshold was set at P<0.05, and all P values
were derived from two-sided tests. All statistical analyses
were carried out using the statistical software SPSS 22.0
(IBM Corp., Armonk, NY, USA).

Results
Patient characteristics

In this study, 187 patients diagnosed with early-stage
NSCLC were included, spanning an age range of 30 to
86 years, with a median age of 65 years. Among them,
66 (35.29%) were women, and 121 (64.71%) were men.
Sarcopenia was diagnosed in 46 patients (24.60%),
comprising 40 men and six women. The distribution of
pathological subtypes revealed 136 cases (72.73%) of ADC
and 51 cases (27.27%) of SCC. Additionally, 76 cases
(40.64%) were classified as central NSCLC, whereas 111
cases (59.36%) were categorized as peripheral NSCLC.
Furthermore, 96 patients (51.34%) tested positive for
EGFR, 11 (5.88%) were positive for ALK, and 119 (63.64%)
were positive for PD-L1. Diabetes was diagnosed in 26
patients (13.90%), and 16 patients (8.56%) exhibited a
lower BMI, indicative of wasting. The staging of NSCLC
patients revealed 92 cases (49.20%) at stage I and 95 cases
(50.80%) at stage II (1able 1).

© AME Publishing Company.
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Relationship between clinicopathologic features, metabolic
parameters, and sarcopenia

Table 1 demonstrates significant differences between the
sarcopenia and non-sarcopenia groups, encompassing
age, gender, BMI, psoas HU, and SUV,,,-Muscle (P<0.05
for all). Notably, the psoas HU and SUV,,,-Muscle in
the sarcopenia group were lower compared to the non-
sarcopenia group (P<0.05 for all). No significant differences
in other metabolic parameters, including SUV, ., MTV,
and TLG, were observed between the two groups (P>0.05
for all).

The analysis identified gender [odds ratio (OR) =0.103;
95% confidence interval (CI): 0.042-0.249; P<0.001], BMI
(OR =0.052; 95% CI: 0.019-0.148; P<0.001), psoas HU
(OR =0.860; 95% CI: 0.812-0.910; P<0.001), and SUV,,-
Muscle (OR =0.146; 95% CI: 0.053-0.403; P<0.001) were
identified as independent predictors of sarcopenia (P<0.05
for all) (Table 2). A nomogram model incorporating these
variables was constructed for the prediction of sarcopenia

(Figure 3).

Survival analysis for early-stage NSCLC

Among the 187 early-stage NSCLC patients, 41 underwent
postoperative adjuvant chemotherapy after radical surgery.
Over a median follow-up duration of 36 months, 104
patients experienced tumor progression, resulting in 51
deaths. The 1-, 2-, and 3-year PFS rates were 71.1%,
50.8%, and 45.5%, respectively, whereas the 1-, 2-,
and 3-year OS rates were 89.3%, 81.3%, and 75.9%,
respectively. The median PFS and OS were 25 months and
36 months, respectively.

Univariate Cox regression analysis identified significant
associations between gender, sarcopenia, clinical stage,
adjuvant chemotherapy, and PFS (P<0.05 for all).
Additionally, gender, sarcopenia, SUV,,,,, MTV, TLG, and
PD-L1 were significantly associated with OS (P<0.05 for
all) (Table 3, Figure 4).

ROC curve analysis determined the optimal cut-off
values of SUV,,,, MTV, and TLG for predicting OS to
be 6.2, 20.1, and 66.5, respectively. The area under the
curve (AUC) for SUV,,,. was 0.691 (95% CI: 0.607-0.774;
P<0.001), for MTV it was 0.709 (95% CI: 0.619-0.800;
P<0.001), and for TLG it was 0.736 (95% CI: 0.647-0.824;
P<0.001).
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Table 1 Patient demographic and clinicopathologic features

Characteristics Sarcopenia (n=46) Non-sarcopenia (n=141) x P value
Age (<65/=65 years) 17 vs. 29 79 vs. 62 5.050 0.025*
Gender (male/female) 40vs. 6 81 vs. 60 13.551 <0.001*
Diabetes (yes/no) 7 vs. 39 19 vs. 122 0.088 0.767
BMI (<18.5/=18.5 kg/m?) 10vs. 36 6vs. 135 16.641 <0.001*
Location (center/periphery) 23 vs. 23 53 vs. 88 2.215 0.137
Cavity (yes/no) 21vs. 25 49 vs. 92 1.760 0.185
Burr (yes/no) 25vs. 21 82 vs. 59 0.205 0.650
Pathology (ADC/SCC) 31vs. 15 105 vs. 36 0.876 0.349
Smoking (yes/no) 28 vs. 18 93 vs. 48 0.393 0.531
Clinical stage (I/11) 19vs. 27 73 vs. 68 1.521 0.217
Ki-67 (<20%/>20%) 9vs. 37 41 vs. 100 1.602 0.206
EGFR (positive/negative) 22 vs. 24 74 vs. 67 0.301 0.583
ALK (positive/negative) 1vs. 45 10vs. 131 1.515 0.218
PD-L1 (positive/negative) 32vs. 14 87 vs. 54 0.927 0.336
Psoas HU 35.28 (14.68-50.14) 37.97 (19.34-49.62) - 0.006*
SUV ax 5.31 (1.65-13.90) 6.36 (0.55-17.76) - 0.103
MTV 18.82 (2.74-241.27) 21.02 (1.47-151.78) - 0.282
TLG 60.33 (7.06-1,942.67) 73.57 (0.84-1,132.26) - 0.162
SUV,,.-Muscle 0.84 (0.41-1.62) 0.99 (0.53-1.73) - <0.001*

Frequencies were reported for categorical variables and median (range) were reported for continuous variables. *, statistically significant.
BMI, body mass index; ADC, adenocarcinoma; SCC, squamous cell carcinoma; Ki-67, cell proliferation antigen; EGFR, epidermal growth
factor receptor; ALK, anaplastic lymphoma kinase; PD-L1, programmed death ligand-1; HU, hounsfield unit; SUV,,,,, maximum standard
uptake value; MTV, metabolic tumor volume; TLG, total lesion glycolysis; SUV,,.,-Muscle, maximum standardized uptake value of the

psoas major muscle.

Table 2 Multivariable logistic regression of sarcopenia

Variable OR 95% Cl P value
Age (<65/=65 years) 1.145 0.620-2.117 0.665

Gender (male/female) 0.103 0.042-0.249 <0.001*
BMI (<18.5/>18.5 kg/m?) 0.052 0.019-0.148 <0.001*
Psoas HU (high/low) 0.860 0.812-0.910 <0.001*
SUV,..-Muscle (high/low) 0.146 0.053-0.403 <0.001*

*, statistically significant. OR, odds ratio; Cl, confidence interval; BMI, body mass index; HU, hounsfield unit; SUV,,,.-Muscle, maximum
standardized uptake value of the psoas major muscle.
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Psoas HU

SUV,...-Muscle

Total points

Probability of sarcopenia

Figure 3 Nomogram model to predict the probability of sarcopenia. BMI, body mass index; HU, hounsfield unit; SUV,

standardized uptake value of the psoas major muscle.

Table 3 Univariable Cox regression for PFS and OS in early-stage NSCLC

Xu et al. Value of sarcopenia in NSCLC
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PFS 0S

Variable

HR 95% CI P value HR 95% Cl P value
Age (<65/=65 years) 0.990 0.680-1.441 0.958 1.288 0.697-2.380 0.418
Gender (male/female) 0.577 0.371-0.897 0.015* 0.361 0.162-0.807 0.013*
Diabetes (yes/no) 0.706 0.415-1.201 0.706 0.730 0.326-1.633 0.443
BMI (<18.5/=18.5 kg/m?) 1.017 0.495-2.089 0.963 0.622 0.264-1.467 0.278
Sarcopenia (yes/no) 1.697 1.148-2.507 0.008* 5.680 3.074-10.494 <0.001*
Location (center/periphery) 0.819 0.562-1.194 0.299 0.923 0.520-1.637 0.783
Cavity (yes/no) 1.172 0.782-1.757 0.441 0.947 0.518-1.733 0.861
Burr (yes/no) 1.331 0.902-1.965 0.150 1.161 0.626-2.151 0.635
Pathology (ADC/SCC) 1.484 1.007-2.185 0.053 1.488 0.794-2.790 0.214
Smoking (yes/no) 1.047 0.718-1.526 0.811 1.349 0.743-2.449 0.325
Clinical stage (I/1l) 1.795 1.234-2.611 0.002* 1.515 0.854-2.688 0.155
Chemotherapy (yes/no) 1.719 1.149-2.570 0.008* 1.449 0.785-2.677 0.236
Ki-67 (<20%/>20%) 1.346 0.792-2.288 0.272 2.422 0.869-6.754 0.091
EGFR (positive/negative) 1.108 0.758-1.605 0.608 0.774 0.432-1.387 0.389
ALK (positive/negative) 1.214 0.495-2.977 0.673 0.956 0.230-3.970 0.950
PD-L1 (positive/negative) 0.646 0.414-1.010 0.055 0.042 0.006-0.307 0.002*
SUV ax 1.019 0.989-1.049 0.218 1.062 1.025-1.100 0.001*
MTV 1.001 0.974-1.003 0.096 1.004 1.002-1.005 <0.001*
TLG 1.138 1.063-1.219 0.097 1.335 1.214-1.577 <0.001*

*, statistically significant. PFS, progression-free survival; OS, overall survival; NSCLC, non-small cell lung cancer; HR, hazard ratio; Cl,
confidence interval; BMI, body mass index; ADC, adenocarcinoma; SCC, squamous cell carcinoma; Ki-67, cell proliferation antigen;
EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; PD-L1, programmed death ligand-1; SUV,,,,, maximum
standard uptake value; MTV, metabolic tumor volume; TLG, total lesion glycolysis.
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Figure 4 Survival curves for PFS and OS in early-stage NSCLC. Kaplan-Meier analysis showed that TLG and PD-L1 positivity were
significantly associated with poorer OS (B,F), independent of PFS (A,E). Sarcopenia was associated with poor PFS (C) and OS (D). TLG,
total lesion glycolysis; PD-L1, programmed death ligand-1; PFS, progression-free survival; OS, overall survival; NSCLC, non-small cell

lung cancer.

Factors that were statistically significant in the univariate
Cox regression analysis were included as covariates in the
multivariate analysis. The multivariate Cox regression
analysis revealed that gender [hazard ratio (HR) =0.616;
95% CI: 0.390-0.973; P=0.038] and clinical stage (HR
=1.637; 95% CI: 1.074-2.497; P=0.022) were independent
prognostic factors for PFS. No significant differences
in PFS were observed between those with and without
sarcopenia or chemotherapy (P>0.05 for all).

For OS, sarcopenia (HR =3.323; 95% CI: 1.748-6.316;
P<0.001), TLG (HR =2.499; 95% CI: 2.014-3.267;

© AME Publishing Company.

P=0.016), and PD-L1 (HR =0.093; 95% CI: 0.012-0.698;
P=0.021) were established as independent prognostic
factors, whereas gender, SUV,,,, and MTV were not
significant (P>0.05 for all) (1able 4).

Risk stratification for early-stage NSCLC

Risk stratification for patients with early-stage NSCLC
was performed based on prognostic survival analysis. Early-
stage NSCLC patients were categorized into three groups
according to TLG, sarcopenia, and PD-L1 expression.
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Table 4 Multivariate Cox regression for PFS and OS in early-stage NSCLC

Variable HR 95% ClI P value
Multivariable Cox regression for PFS
Gender (male/female) 0.616 0.390-0.973 0.038*
Sarcopenia (yes/no) 1.426 0.948-2.145 0.089
Clinical stage (I/1) 1.637 1.074-2.497 0.022*
Chemotherapy (yes/no) 1.289 0.816-2.038 0.276
Multivariable Cox regression for OS: entering MTV
Gender (male/female) 0.688 0.296-1.601 0.386
Sarcopenia (yes/no) 3.470 1.822-6.607 <0.001*
PD-L1 (positive/negative) 0.078 0.010-0.575 0.012*
SUV ax 1.021 0.973-1.071 0.393
MTV 1.002 1.000-1.004 0.115
Multivariable Cox regression for OS: entering TLG
Gender (male/female) 0.710 0.307-1.642 0.424
Sarcopenia (yes/no) 3.323 1.748-6.316 <0.001*
PD-L1 (positive/negative) 0.093 0.012-0.698 0.021*
SUV .k 1.001 0.948-1.054 0.990
TLG 2.499 2.014-3.267 0.016*

*, statistically significant. PFS, progression-free survival; OS, overall survival; NSCLC, non-small cell lung cancer; HR, hazard ratio; Cl,
confidence interval; MTV, metabolic tumor volume; PD-L1, programmed death ligand-1; SUV,..,, maximum standard uptake value; TLG,

total lesion glycolysis.

100 — Low-risk group
80
R 60 — Medium-risk group
%)
O 40 -
207 P<0.001 — High-risk group
0 : . : : : ,

0 10 20 30 40 50 60
Time, months
Figure 5 Survival curves for OS in different groups. Kaplan-Meier
analysis showed that patients in the high-risk group had the worst
OS, followed by the intermediate-risk group and the best in the
low-risk group, with significant differences between groups. OS,

overall survival.

© AME Publishing Company.

Patients with high TLG, sarcopenia, and positive PD-L1
expression were designated as the high-risk group, whereas
those with low TLG, non-sarcopenia, and negative PD-
L1 expression were classified as the low-risk group. The
remaining patients comprised the intermediate-risk group.
The distribution of patients among the high-,
intermediate-, and low-risk groups was 28, 121, and 38,
respectively. KM analysis (Figure 5) revealed significant
differences in OS among these groups, with the high-
risk group exhibiting the poorest prognosis (P<0.05 for
all). This risk stratification model, incorporating TLG,
sarcopenia, and PD-L1 expression, offered valuable insights
for personalized therapy and follow-up strategies in patients

with early-stage NSCLC.
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Discussion

Our study demonstrated significant associations between
sarcopenia and male sex, low BMI, low psoas HU, and
low SUV,,~-Muscle. In early-stage NSCLC, independent
predictors of OS included TLG, sarcopenia, and PD-L1
expression. Notably, patients with high TLG, sarcopenia,
and PD-L1 positivity exhibited the poorest prognosis.

Several studies have consistently affirmed the association
between high TLG and poor OS in NSCLC (5,6,22,23),
which aligns with our current findings. However, two other
studies have identified SUV_,, as an independent predictor
of poor OS rather than TLG (24,25). We postulated that
the inclusion of TLG in the analysis might potentially
yield positive results. SUV,,,,, being limited to the semi-
quantitative analysis of FDG uptake in single voxels, may
not adequately represent the overall biological metabolism
level of tumors. Additionally, as a two-dimensional
parameter, SUV  fails to capture the tumor’s size or
volume. In contrast, TLG, as a three-dimensional metabolic
parameter combining tumor volume and metabolic
information, offers a more comprehensive reflection of
tumor burden and biological aggressiveness. We argue that
TLG contributed to the nuanced stratification of patients
at the same stage, facilitating personalized risk-adapted
treatment strategies.

The prognostic role of sarcopenia in NSCLC patients
remains a subject of controversy in the literature. Studies by
Li et al. (22) and Hasenauer et 4l. (26), which included 344
and 401 NSCLC patients, respectively, have concluded that
sarcopenia is not a predictor of OS. In contrast, studies by
Yuan er al. (23) and Karaman ez 4. (27), incorporating 202
and 56 patients with advanced-stage NSCLC, respectively,
have identified a correlation between sarcopenia and poor
OS, aligning with our findings. The impact of sarcopenia
on treatment-related toxicity is noteworthy, potentially
resulting in prolonged post-treatment recovery or early
termination of established treatment regimens. This effect
may be attributed to alterations in the distribution of
chemotherapeutic agents caused by reductions in skeletal
muscle and adipose tissue. Such factors can elucidate
the observed shortened PFS and OS associated with
sarcopenia (28). Furthermore, the association between
sarcopenia and low SUV  -Muscle and low psoas HU,
consistent with previous studies (22,23), suggested that
intramuscular fat deposition in lung cancer patients
may contribute to decreased muscle density and glucose
metabolism, providing a plausible explanation for our

© AME Publishing Company.

findings.

In addition to TLG and sarcopenia, PD-L1 emerged as
an independent predictor of OS in advanced-stage NSCLC,
aligning with findings from other studies (29,30). PD-L1
expression is not only relevant for immunotherapy but also
stands as a crucial prognostic factor. Based on our survival
analysis results, we integrated TLG, PD-L1, and sarcopenia
into a comprehensive risk stratification model for NSCLC
prognosis. The model revealed that patients in the high-risk
group had the poorest prognosis, followed by those in the
intermediate-risk group, with the low-risk group exhibiting
the best prognosis. A study by Yuan et al. (23), which used
sarcopenia, stage, and TLG to construct a nomogram
model predicting survival, mirrors our study protocol.
"This underscores the value of combining clinicopathologic
features and metabolic parameters for a more precise
prognostic analysis. Our model aided in identifying high-
risk patients and tailoring personalized treatment plans. We
advocated for the consideration of nutritional support and
appropriate exercise alongside immunotherapy for patients
with high TLG and sarcopenia to mitigate muscle loss.

Several limitations warrant consideration in our current
study. Firstly, the measurement and calculation of the SMI
were time-consuming and laborious, compounded by a
lack of consensus on the measurement methods and the
cut-off values defining sarcopenia. Secondly, according to
the recommendations of the European Working Group
on Sarcopenia in Older People (EWGSOP), sarcopenia
encompasses not only a decrease in muscle mass but also a
decline in muscle strength and physical performance (31).
There is a lack of clinically feasible methods for strength
assessment, which further complicates the evaluation
process. Thirdly, incorporating additional clinicopathologic
features is essential to enhance the precision of prognostic
models. Expanding the scope of analyzed variables could
offer a more comprehensive understanding of the factors
influencing the prognosis of NSCLC patients. Finally, it
is crucial to acknowledge that our study relied on a single-
center retrospective analysis. To establish the reliability
and generalizability of the developed model, external
validation with data from other centers is imperative. A
multi-center approach would help to validate the robustness
and applicability of the prognostic model across diverse
patient populations and clinical settings. Addressing these
limitations in future research endeavors will contribute
to the refinement and broader applicability of prognostic
models for NSCLC.
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Conclusions

The incidence of sarcopenia in NSCLC patients increased
with decreasing SUV,,-Muscle and psoas HU. In early-
stage NSCLC, TLG, sarcopenia, and PD-L1 expression
emerged as independent prognostic factors for OS. The
risk stratification model, incorporating TLG, sarcopenia,
and PD-L1 expression, played a pivotal role in guiding
personalized therapy and follow-up strategies. This
comprehensive approach to risk assessment enhanced our
ability to tailor interventions and monitoring protocols for
early-stage NSCLC patients, contributing to more effective
and individualized care.
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