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Abstract. Skeletal muscle loss is a hallmark of malnutrition 
and a well‑established predictor of adverse clinical outcomes. 
However, its specific role as a risk factor and its prognostic 
relevance in patients with hepatocellular carcinoma (HCC) 
treated with immune checkpoint inhibitors (ICIs) remain 
incompletely understood. The present study aimed to inves‑
tigate the relationship between muscle mass (assessed via 
multiple skeletal muscle indices) and clinical outcomes in male 
patients with HCC receiving ICIs. A retrospective analysis of 
195 male patients with HCC treated with ICIs was performed at 
Beijing Youan Hospital (Beijing, China). Transverse computed 
tomography images at the level of the third lumbar vertebra 
(L3) were analyzed with SliceOmatic software to quantify 
skeletal muscle parameters. Anthropometric, biochemical and 
prognostic data were collected and evaluated for association 
with survival. Among the 195 patients, 161 (82.56%) had 
hepatitis B virus infection and 163 (83.59%) had cirrhosis. 
Cumulative mortality at 6, 9 and 12 months was 4, 5 and 15%, 
respectively. Univariate analysis showed that lower body mass 
index (BMI) and higher values of L3 skeletal muscle index 
(L3‑SMI), L3‑SMI/weight, L3‑SMI/height and L3‑SMI/BMI 
were significantly associated with improved 1‑year overall 
survival (OS; P<0.05). In multivariate Cox regression analysis, 

L3‑SMI/BMI remained an independent predictor of 1‑year 
OS (hazard ratio=0.02; 95% CI: 0.001‑0.940; P=0.047). 
SHapley Additive exPlanations analysis further highlighted 
L3‑SMI/BMI as a strong independent predictor for 1‑year 
mortality. The area under the receiver operating character‑
istic curve of L3‑SMI/BMI for predicting 1‑year mortality 
was 0.86 (95% CI: 0.76‑0.96), outperforming BMI, L3‑SMI, 
L3‑SMI/weight and L3‑SMI/height. A higher L3‑SMI/BMI 
ratio was a strong independent predictor of improved 1‑year 
OS in male patients with HCC, predominantly Barcelona 
Clinic Liver Cancer stage A/B, treated with ICIs. These find‑
ings support the potential clinical utility of L3‑SMI/BMI as a 
practical prognostic marker in this patient population.

Introduction

Hepatocellular carcinoma (HCC) is the third leading cause of 
cancer‑related mortalities worldwide, with 70‑90% of cases 
developing on a background of cirrhosis (1,2). The integration 
of immune checkpoint inhibitors (ICIs) into the treatment 
landscape has transformed therapeutic options for HCC, 
offering renewed hope for patients who previously depended 
on tyrosine kinase inhibitors (TKIs) such as sorafenib or lenva‑
tinib as first‑line therapies (3,4). However, clinical responses 
to ICIs remain variable, underscoring the need for predictive 
biomarkers that can identify which patients are most likely to 
benefit from treatment.

The skeletal muscle index at the third lumbar vertebra 
(L3‑SMI) is a widely validated, imaging‑based metric for 
diagnosing sarcopenia in both clinical and research settings. It 
is calculated as the total cross‑sectional area of skeletal muscle 
(cm2) at the L3 level, divided by height squared (m2) (5,6). 
L3‑SMI is typically measured from cross‑sectional imaging, 
either using computed tomography (CT) or magnetic reso‑
nance imaging obtained at the midpoint of the L3 vertebra. 
This region is selected because the lumbar spine provides a 
stable anatomical landmark, and the skeletal muscle area 
at this level correlates strongly with whole‑body muscle 
mass (7). CT is particularly suitable for clinical and research 
use due to wide availability, non‑invasive nature and standard‑
ized acquisition, which simplifies the assessment of skeletal 
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muscle mass. Currently, diagnostic cut‑off values for L3‑SMI 
vary across regions, especially between Eastern and Western 
populations, reflecting differences in ethnicity, liver disease 
etiologies and measurement methodology. This variability 
complicates both clinical practice and research, particularly 
in the context of chronic liver disease (8). Despite the lack 
of uniform criteria, the association between sarcopenia and 
adverse clinical outcomes in patients with chronic liver disease 
has been consistently demonstrated (5,9).

L3‑SMI serves as a practical and cost‑effective surrogate 
marker for diagnosing sarcopenia and predicting outcomes in 
patients with chronic liver disease (5,9,10). A meta‑analysis 
including 22 studies with 6,965 patients with cirrhosis 
reported a pooled sarcopenia prevalence (defined by L3‑SMI) 
of 37.5%, and demonstrated that sarcopenia was associated 
with increased mortality [adjusted hazard ratio (HR)=2.30], 
these findings remained consistent across subgroups stratified 
by sex, liver disease etiology and severity of hepatic dysfunc‑
tion (5). In patients with cirrhosis awaiting liver transplantation 
(LT), lower L3‑SMI has been identified as a notable risk factor 
for waitlist mortality, postoperative complications and post‑LT 
mortality (11). Similarly, reduced L3‑SMI is associated with 
increased 1‑year mortality after surgical resection of HCC (12) 
and predicts shorter median survival in patients with HCC (13). 
Previous studies also indicate that lower L3‑SMI predicts 
worse OS in patients with HCC treated with trans‑arterial 
chemoembolization or radiofrequency ablation  (14,15). 
While the relationship between low skeletal muscle mass and 
prognosis in patients with HCC treated with ICIs remains 
underexplored, evidence from locally advanced esophageal 
cancer and biliary sepsis suggests plausible mechanistic links 
and clinical relevance (16,17). 

In the present single‑center longitudinal retrospective 
study, the prognostic value of multiple skeletal mass indices 
SMIs‑including SMI, SMI/weight, SMI/height and SMI/BMI 
were evaluated for clinical outcomes in male patients with 
HCC receiving ICI therapy.

Materials and methods

Patients. A retrospective analysis was conducted on 195 male 
patients with HCC who were treated with ICIs. To eliminate 
the potential confounding effect of sex, the present study was 
restricted to male patients. All patients were admitted to Beijing 
Youan Hospital (Beijing, China), between January 2018 and 
February 2022. Eligible participants were adults clinically 
diagnosed with HCC according to the American Association 
for the Study of Liver Diseases criteria (18), who were male, 
aged ≥16 years and had undergone CT during hospitalization. 
The median age of the enrolled patients was 59 years (range, 
29‑82). Exclusion criteria were as follows: i)  Incomplete 
clinical data; ii) confirmed or strongly suspected malignancy 
other than HCC; iii) long‑term bedridden status; iv) diagnosis 
of Acquired Immune Deficiency Syndrome; and v) chronic 
renal and/or respiratory insufficiency, severe heart disease or 
conditions associated with intestinal nutrient malabsorption.

The study was performed in accordance with the 
Declaration of Helsinki. All data were extracted from elec‑
tronic medical records. The protocol was approved by the 
Medical Ethics Review Committee of Beijing Youan Hospital 

(approval no. LL‑2023‑055K). Due to the retrospective 
nature of the study and full protection of patient privacy, the 
requirement for informed consent was waived.

Anthropometric measurements. Height and weight were 
measured during hospitalization using standardized protocols. 
Body weight was recorded in the morning using a digital scale, 
with patients barefoot and wearing lightweight clothing. For 
patients with cirrhosis and fluid retention, dry body weight was 
estimated by subtracting a percentage of the current body weight 
to account for ascites and edema: 5, 10 or 15% was deducted for 
mild, moderate or severe ascites, respectively, with an additional 
5% subtracted if lower limb edema was present (19). Height was 
measured with patients standing barefoot, heels together, back 
straight and arms at their sides, as previously described (20). 
BMI was then calculated as the adjusted dry weight (in kg) 
divided by height squared (in m2) (21).

Assessment of L3‑SMI. Abdominal non‑contrast‑enhanced 
CT scans were acquired on a 64‑slice LightSpeed VCT 
scanner (GE Healthcare) with patients in the supine position. 
All scans used for skeletal muscle analysis were obtained 
within a 2‑week period prior to the initiation of ICI therapy. 
For each scan, a single transverse image at the L3 vertebral 
level was selected for analysis using SliceOmatic software 
(version 5.0; TomoVision). Skeletal muscle area (SMA; cm2) 
was measured at the L3 vertebral level by segmenting muscle 
tissue within a Hounsfield unit window of ‑29 to +150, which 
included the psoas, erector spinae, quadratus lumborum, trans‑
versus abdominis, external and internal obliques and rectus 
abdominis muscles, as previously described (Fig.  1)  (22). 
The cross‑sectional SMA was automatically computed and 
normalized to height squared to derive the SMI (cm2/m2). All 
L3 SMA measurements were independently reviewed by two 
radiologists. In cases of disagreement, a third radiologist was 
consulted to reach consensus.

Statistical analysis. Continuous variables were expressed 
as mean  ±  standard deviation or median (interquartile 
range). Categorical variables were expressed as numbers 
and percentages. Group comparisons for continuous vari‑
ables were performed using an unpaired Student's t‑test or 
Mann‑Whitney‑U test, as appropriate. Categorical variables 
were compared using the χ2 test or Fisher's exact probabilities. 

Cox proportional hazards regression analysis with 
forward LR selection (entry P<0.05; removal P<0.10) 
was used to identify factors associated with 1‑year OS. 
Candidate variables included BMI, L3‑SMI, L3‑SMI/BMI, 
L3‑SMI/weight (kg) and L3‑SMI/height (m). A risk‑score plot 
was generated using the R package ‘ggrisk’ (https://github.
com/yikeshu0611/ggrisk). Optimal cut‑off values for each 
muscle‑related index were determined using the surv_cutpoint 
function from the R package ‘survminer’ (https://rpkgs.
datanovia.com/survminer/index.html). Using these optimal 
cutoffs, Kaplan‑Meier survival curves were then generated 
and visualized using the R packages ‘survival’ (https://github.
com/therneau/survival) and ‘survminer’. SHapley Additive 
exPlanations (SHAP) analysis, implemented via the R package 
‘shapviz’ (https://github.com/ModelOriented/shapviz), was 
used to visualize and rank the importance of variables. 
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Patients were stratified according to the optimal cut‑offs 
for survival comparison. The predictive performance of 
each index was evaluated by calculating the area under the 
receiver operating characteristic (ROC) curve (AUC) using 
the R packages ‘reportROC’ (https://CRAN.R‑project.
org/package=reportROC). All analyses were performed 
using IBM SPSS Statistics 22.0 (IBM Corp.) or R software 
version 4.1.0 (R Foundation for Statistical Computing). P<0.05 
was considered to indicate a statistically significant difference. 

Results

Baseline clinical characteristics of patients. Among the 
195 male patients, the distribution of first‑line ICI regimens was 
as follows: 86 (44.10%) patients received 200 mg of sintilimab 
every 3 weeks, 101 (51.79%) received 200 mg of camrelizumab 
every 3 weeks, 1 (0.51%) received 200 mg of toripalimab every 
3 weeks, 2 (1.03%) received 240 mg of tremelimumab every 
3 weeks and 5 (2.56%) received 1,200 mg of atezolizumab every 
3 weeks. All agents were administered as first‑line therapy.

The mean age of the patients was 58.13±9.32 years. A 
total of 161 (82.56%) were HBV‑infected, and 163 (83.59%) 
had cirrhosis. The median follow‑up duration was 14 months 
(range, 1‑55 months). According to the Barcelona Clinic Liver 
Cancer (BCLC) staging system, 53 patients (27.18%) were 
stage A, 84 (43.08%) stage B, 31 (15.90%) stage C and 27 
(13.85%) stage D.

Regarding treatment history and combinations, 7 patients 
(3.58%) received anti‑VEGF therapy, 45 (23.08%) received 
TKIs (23 lenvatinib, 22 sorafenib), 40 (20.51%) underwent 
surgical resection and 13 (6.67%) received interventional 
therapy. Overall, 127 patients (65.13%) had received three or 
more treatment strategies during their course of care. Detailed 
demographic and clinical characteristics of the participants 
are presented in Table I.

Relevance of multiple SMIs at baseline for 1‑year mortality 
in male patients with HCC treated with ICIs. The distribution 
of risk score for each patient is shown in Fig. 2A. A scatter 

plot of survival time vs. risk score (Fig. 2B) demonstrated that 
a higher risk score was associated with an increased number 
of mortality events and shorter survival times. A heat map of 
the indices across high‑ and low‑risk groups (Fig. 2C) indi‑
cated that an elevated risk of mortality was associated with 
a higher BMI and lower levels of L3‑SMI, L3‑SMI/weight, 
L3‑SMI/height and L3‑SMI/BMI.

As shown in Fig. 3 and Table II, lower BMI and higher 
values of L3‑SMI and L3‑SMI/BMI were significantly associ‑
ated with improved 1‑year OS (all P<0.05; Fig. 3A, C and E). 
Using the forward linear regression method, variables with a 
univariate P‑value <0.05 were entered into a multivariate Cox 
proportional hazards model, and only a higher L3‑SMI/BMI 
was retained as an independent predictor of improved 1‑year 
OS (HR=0.02; 95% CI: 0.001‑0.940; P=0.047). This asso‑
ciation persisted after further adjustment for the potential 
confounding effect of age (age‑adjusted HR=0.02; 95% CI: 
0.001‑0.934; P=0.046).

Kaplan‑Meier analysis showed accumulated mortality 
rates of 4, 5 and 15% at 6, 9 and 12 months, respectively. 
Among the 189 patients with follow‑up data, the objective 
response rate was 23.91% (45/189), the disease control rate 
was 36.51% (69/189) and the median progression‑free survival 

Figure 1. Cross‑sectional computed tomography images were obtained at the 
level of the third lumbar vertebra. Skeletal muscle area was measured using 
manual tracing.

Figure 2. Risk assessment of these indices predict the survival of patients. 
(A) The distribution of the risk scores for each patient with HCC is presented. 
The blue dots represent patients with a low‑risk score, while the red dots 
denote those with a high‑risk score. (B) The scatter diagram illustrates the 
survival status of patients with HCC based on their risk scores. The blue 
dots signify the patients who have survived, whereas the red dots indicate 
the ones who have passed away. (C) The expression heat map of the indices 
is shown for the high‑risk and low‑risk groups within the two groups. HCC, 
hepatocellular carcinoma; L3‑SMI, skeletal muscle index at the third lumbar 
vertebra; BMI, body mass index. 

https://www.spandidos-publications.com/10.3892/ol.2026.15524
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was 7 months (95% CI: 5.56‑8.44). These favorable outcomes 
are consistent with the predominance of early‑ to interme‑
diate‑stage disease (70.26% BCLC A/B) and preserved liver 
function in the cohort. Notably, patients with an L3‑SMI/BMI 

≥2.00 had a significantly lower 1‑year cumulative mortality 
compared with those with an L3‑SMI/BMI <2.00 (0 vs. 20%; 
log rank χ2=15.827; P<0.001; Fig. 3E). Corresponding survival 
curves of other indices are presented in Fig. 3A‑D.

Table I. Baseline characteristics of male patients. 

Parameters	 Total patients (n=195)	 Alive (n=180)	 Dead (n=15)	 P‑valuea 

Age, years	 58.13±9.32	 58.19±9.19	 57.40±11.08	 0.754
BMI, kg/m2	 23.14 (21.10, 25.53)	 23.03 (20.93, 25.39)	 25.54 (23.15, 27.73)	 0.005
ALT, U/l	 32.00 (20.00, 50.00)	 32.00 (20.00, 50.00)	 35.00 (1800, 44.00)	 0.781
AST, U/l	 41.50 (28.00, 64.25)	 41.00 (28.00, 64.00)	 58.00 (29.00, 105.00)	 0.154
AST/ALT ratio	 1.40 (1.13, 1.86)	 1.40 (1.12, 1.83)	 1.79 (1.18, 2.44)	 0.261
TBIL, µmol/l	 22.30 (15.78, 28.63)	 21.90 (14.9, 28.60)	 28.10 (18.40, 37.90)	 0.080
ALB, g/l	 36.85±5.03	 36.90±4.89	 36.24±6.70	 0.714
MELD score	 10.34 (9.60, 11.74)	 10.28 (9.51, 13.20) 	 10.64 (10.06, 13.42)	 0.092
Child‑Pugh score	 6.00 (5.00, 7.00)	 6.00 (5.00, 7.00)	 6.00 (5.00, 7.25)	 0.330
HBV infection, n (%)	 161 (82.56)	 150 (83.33)	 11 (73.33)	 0.531
Cirrhosis Presence, n (%)	 163 (83.59)	 150 (83.33)	 13 (86.67)	 >0.999
Decompensated cirrhosis, n (%)	 66 (33.85)	 55 (30.56)	 8 (53.33)	 0.127
Number of tumors ≥3, n (%)	 33 (16.92)	 29 (16.11)	 4 (26.67)	 0.491
Maximum tumor diameter, cm	 1.00 (1.00, 5.50)	 1.00 (1.00, 5.50)	 1.00 (1.00, 6.50)	 0.305
Tumor differentiationb, n (%)				    0.335
  Poor, moderate	 17 (51.52)	 13 (76.47)	 4 (23.53)	
  Well	 16 (48.48)	 15 (93.75)	 1 (6.25)	
BCLC stage, n (%)				    0.982
  A, B	 137 (70.26)	 127 (92.70)	 10 (7.30)	
  C, D	 58 (29.74)	 53 (91.38)	 5 (8.62)	
Portal vein invasion, n (%)	 27 (13.85)	 26 (14.44)	 1 (6.67)	 0.654
Ki‑67, %	 0.46±0.24	 0.47±0.23	 0.43±0.30	 0.747
AFP, ng/ml	 17.70 (4.46, 769.00)	 17.00 (5.16, 804.00)	 62.30 (2.43, 330.75)	 0.699
SMI, cm2/m2	 46.46 (41.15, 51.46)	 46.89 (41.35, 52.17)	 41.15 (34.55, 49.47)	 0.015
SMI/weight	 0.70 (0.63, 0.76)	 0.70 (0.65, 0.76)	 0.59 (0.51, 0.63)	 <0.001
SMI/height	 27.62 (24.31, 30.58)	 27.93 (24.71, 30.77)	 25.33 (20.53, 28.25)	 0.017
SMI/BMI	 2.00 (1.83, 2.19)	 2.01 (1.85, 2.21)	 1.50 (1.47, 1.95)	 <0.001

Table data are number of patients or median (Q1‑Q3), mean ± standard deviation or n (%). aP values are acquired by univariate analyses between 
survivor and mortality patients; b33 patients with available tumor differentiation data were analyzed. ALB, albumin; AFP, α‑fetoprotein; ALT, 
alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; TBIL, total bilirubin; HBV, hepatitis B virus; BCLC, 
Barcelona clinical staging of liver cancer; MELD, model for end stage liver disease; SMI, skeletal mass index.

Table II. Univariate and multivariate analyses of indicators for 1‑year mortality.

	 Univariate analysis	 Multivariate analysis
	----------------------------------------------------------------------------------------------------	-------------------------------------------------------------------------- 
Parameters	 Cut‑off value	 χ2	 P‑value	 HR (95% CI)	 P‑value

BMI, kg/m2	 25.39	 5.051	 0.025	 ‑	 0.077
SMI/height	 22.91	 ‑	 0.415a	 	
SMI, cm2/m2	 50.59	 4.120	 0.042	 ‑	 0.511
SMI/weight	 0.78	 2.857	 0.091		
SMI/BMI	 2.00	 15.827	 <0.0001	 0.02 (0.001‑0.940)	 0.047

aP‑value was acquired using a two‑stage test. HR, hazard ratio; SMI, skeletal mass index; BMI, body mass index.
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To visually interpret the contributions of each variable, 
SHAP values were calculated to quantify the effect of the 
derived ratios on 1‑year mortality predictions. Fig. 4A ranks 

the variables by average absolute SHAP values, illustrating 
their relative importance. Fig. 3B displays how each variable 
influences the prediction. Notably, a higher L3‑SMI/BMI 

Figure 3. Kaplan‑Meier survival analysis of the indices in different groups determined by (A) BMI, (B) L3‑SMI/height, (C) L3‑SMI, (D) L3‑SMI/weight and 
(E) L3‑SMI/BMI levels. L3‑SMI, skeletal muscle index at the third lumbar vertebra; BMI, body mass index. 

https://www.spandidos-publications.com/10.3892/ol.2026.15524
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value was associated with a lower predicted probability of 
1‑year mortality, underscoring its protective role in survival 
outcomes. This association remained strong after additional 
adjustment for age as a potential confounder (Fig. S1).

Predicting performance of SMIs for 1‑year mortality. The 
predictive performance of each SMI was assessed via ROC 
analysis. The AUC for L3‑SMI/BMI in predicting 1‑year 
mortality was 0.86 (95% CI: 0.76‑0.96), which was notably 
higher than the AUCs for BMI, L3‑SMI, L3‑SMI/weight and 
L3‑SMI/height, as shown in Table III.

Discussion

In the present study, the prognostic value of four L3 SMIs were 
assessed, including L3‑SMI, L3‑SMI/weight, L3‑SMI/height 
and L3‑SMI/BMI in male patients with HCC treated with ICIs. 
L3‑SMI/BMI was demonstrated to be independently and positively 
associated with improved 1‑year OS (as higher values predicted 
improved survival), outperforming the other indices. Furthermore, 

L3‑SMI/BMI demonstrated the highest area under the ROC curve 
for predicting 1‑year mortality, underscoring its high predictive 
performance as a prognostic marker in this population.

Compared with survivors, deceased patients exhibited signif‑
icantly lower levels of L3‑SMI, L3‑SMI/weight, L3‑SMI/height 
and L3‑SMI/BMI. These results support the protective role of 
skeletal muscle mass, which was assessed using L3‑SMI, and 
are consistent with prior studies reporting lower L3‑SMI in 
deceased vs. surviving patients with HCC (12,23). Additionally, 
earlier research has indicated that when appendicular lean 
mass (ALM) is adjusted by height alone, individuals with 
normal or low body weight may be misclassified as having 
lower muscle mass compared with obese individuals (24). By 
contrast, weight‑adjusted methods reduce the likelihood of 
overestimating muscle mass in obesity (25). A previous study 
suggested that adjusting ALM for both height and weight 
better identifies metabolic impairment than height‑adjusted 
ALM alone (26). Similarly, in this cohort, L3‑SMI adjusted 
for weight or height remained positively associated with 
1‑year OS, supporting the notion that these indices partially 

Table III. AUC analysis of indicators for 1‑year mortality.

Indicators	 AUC (95% CI)	 Cut‑off value	 Se	 Sp	 PPV	 NPV

BMI, kg/m2	 0.72 (0.59‑0.85)	 22.94	 1.00	 0.49	 0.93	 0.15
SMI, cm2/m2	 0.69 (0.55‑0.83)	 41.74	 0.73	 0.60	 0.96	 0.16
SMI/weight	 0.83 (0.71‑0.95)	 0.64	 0.79	 0.87	 0.98	 0.28
SMI/height	 0.69 (0.56‑0.82)	 29.06	 0.39	 0.93	 0.99	 0.11
SMI/BMI	 0.86 (0.76‑0.96)	 1.51	 1.00	 0.60	 0.96	 1.00

AUC, area under the receiver operating characteristic curve; SMI, skeletal mass index; BMI, body mass index; Se, sensitivity; Sp, specificity; 
PPV, positive predictive value; NPV, negative predictive value.

Figure 4. SHAP analysis illustrates how these indices affect 1‑year mortality. (A) The importance ranking of the indices is presented according to the mean 
(SHAP value). (B) The higher the SHAP value of the index provided, the higher risk of mortality the patient would have. SHAP, SHapley Additive exPlana‑
tions; L3‑SMI, skeletal muscle index at the third lumbar vertebra; BMI, body mass index.
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reflect muscle mass in patients with HCC. Thirdly, deceased 
patients had higher BMI, a finding aligned with a prior report 
by Yang et al (27). Conversely, another study by Akce et al (6) 
found that higher BMI was associated with longer median OS 
following anti‑programmed cell death protein 1 therapy. This 
discrepancy may stem from heterogeneity in the study popula‑
tion, including differences in underlying etiology, treatment 
settings or demographic characteristics.

In the present analysis, L3‑SMI/BMI demonstrated superior 
predictive performance for 1‑year mortality compared with 
L3‑SMI, L3‑SMI/weight and L3‑SMI/height. This advantage 
may be explained by the fact that adjusting L3‑SMI for BMI 
mitigates the overestimation of muscle mass in individuals with 
high body weight, thereby offering a more accurate identification 
of low muscle mass in patients with HCC. Previous work has 
also shown that SMI/BMI is the most commonly used metric for 
defining low muscle mass and is considered an optimal predictor 
of metabolic syndrome, further supporting its clinical rele‑
vance (28,29). In addition, myokines secreted by skeletal muscle 
are considered to modulate inflammatory processes positively, 
which may in turn influence HCC prognosis (30,31). Nevertheless, 
the precise molecular mechanisms involved warrant further 
investigation. Furthermore, integrating this index into clinical 
workflows could prompt a comprehensive nutritional assessment 
and personalized interventions, such as targeted protein‑calorie 
supplementation and supervised exercise therapy. By identifying 
high‑risk patients at the start of treatment, this biomarker may 
facilitate early, multimodal interventions designed to modify a 
key prognostic factor‑skeletal muscle mass. Future prospective 
studies should investigate whether this risk‑stratified pathway, 
triggered by a low L3‑SMI/BMI, leads to improvements in 
muscle mass, enhanced tolerance to ICI therapy and ultimately, 
improved survival outcomes in patients with HCC.

Several limitations of the present study should be acknowl‑
edged. First, this was a retrospective, single‑center analysis 
with a relatively small sample size and short follow‑up period 
and an exclusively male cohort, which may limit the generaliz‑
ability of the findings to broader HCC populations. Second, 
as the cohort was predominantly composed of patients with 
BCLC stage A/B disease and preserved performance status, the 
limited number of mortality events during follow‑up may have 
resulted in an underestimation of cumulative mortality. These 
factors potentially limit the generalizability of the findings to 
patients with more advanced HCC or compromised liver func‑
tion. Third, the analysis was confined to radiologically derived 
indices of skeletal muscle quantity (L3‑SMI and its ratios) and 
did not include direct measures of muscle quality‑such as CT 
radiodensity, detailed body composition from dedicated soft‑
ware or physical function tests. Future studies should integrate 
both quantitative and qualitative assessments to clarify their 
distinct prognostic contributions. Future large‑scale, multi‑
center prospective studies are needed to externally validate 
the conclusions and to further clarify the prognostic role of 
L3‑SMI/BMI in patients with HCC receiving ICIs.

In conclusion, L3‑SMI/BMI is a strong independent predictor 
of 1‑year OS in male patients with HCC treated with ICIs. This 
finding enhances our understanding of the clinical utility of 
L3‑SMI/BMI in stratifying outcomes during HCC immuno‑
therapy and highlights its potential as a valuable prognostic 
biomarker. Prospective studies with larger cohorts are warranted 

to establish optimal cut‑off values for L3‑SMI/BMI and to eval‑
uate its ability to predict long‑term prognosis in this population.
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