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Abstract 

Background: Body composition, particularly adipose tissue distribution, may modulate cancer 
progression and therapeutic outcomes. This study investigated the associations of subcutaneous fat area 
(SFA) and visceral fat area (VFA) with progression-free survival (PFS) in patients with diffuse large B-cell 
lymphoma (DLBCL). 
Methods: This retrospective study included 110 patients with DLBCL diagnosed between 2010 and 
2019. SFA and VFA were quantified from baseline computed tomography images using a previously 
validated automated deep learning–based segmentation system and analyzed as continuous variables 
standardized to 1-standard deviation (SD) increments. Associations with PFS were evaluated using Cox 
proportional hazards regression adjusted for the International Prognostic Index (IPI), with joint modeling, 
sensitivity analyses, restricted cubic spline analysis, and bootstrap internal validation. Overall survival 
(OS) was additionally evaluated in exploratory analyses. 
Results: During a mean follow-up of 63.5 ± 45.2 months, 46 PFS events (41.8%) were observed. In 
separate IPI-adjusted models, each 1-SD increase in SFA was associated with poorer PFS (hazard ratio 
[HR], 1.34; 95% confidence interval [CI], 1.00–1.79; p = 0.047), whereas VFA was not significantly 
associated with PFS (HR, 1.09; 95% CI, 0.82–1.44; p = 0.552). In the joint model, the SFA estimate 
remained similar (HR, 1.33; 95% CI, 0.99–1.79; p = 0.057), whereas the VFA estimate remained close to 
the null (HR, 1.03; 95% CI, 0.76–1.38; p = 0.868); the standardized coefficients did not differ significantly 
(p = 0.265). Adding SFA to the IPI yielded a small increase in the apparent C-index (0.618 to 0.632; ΔC-
index, 0.014; bootstrap 95% CI, −0.013 to 0.069). In exploratory analyses, neither SFA nor VFA was 
significantly associated with OS. 
Conclusion: Higher SFA was associated with poorer PFS after adjustment for the IPI, whereas VFA 
showed little evidence of an association; however, the difference between their associations was not 
statistically significant, and neither adipose tissue compartment was significantly associated with OS. The 
incremental prognostic value of SFA beyond the IPI was limited. Larger studies with external validation 
are needed to confirm these findings. 
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Introduction 
Diffuse large B-cell lymphoma (DLBCL), 

accounting for approximately 30–40% of non-Hodgkin 
lymphomas, is one of the most common hematologic 
malignancies worldwide and remains a major cause of 
cancer-related morbidity and mortality [1, 2]. The 
development of immunochemotherapy, especially 
regimens that incorporate the anti-CD20 antibody 
rituximab (R) into conventional chemotherapy, such 
as R-CHOP (rituximab, cyclophosphamide, 
doxorubicin, vincristine, and prednisone), has 
substantially improved treatment response and 
patient outcomes and is considered one of the main 
standards for first-line treatment [2-4]. However, 
treatment responses remain highly heterogeneous due 
to the complex pathogenesis and genetic 
heterogeneity, with some patients achieving durable 
remission while others experience early disease 
progression. 

Risk stratification and treatment decision-
making in DLBCL continue to evolve with advances in 
diagnostic technologies. Currently, the International 
Prognostic Index (IPI) [5], which incorporates age, 
serum lactate dehydrogenase (LDH), ECOG 
performance status, Ann Arbor stage, and number of 
extranodal sites, remains the most widely used clinical 
tool for predicting outcomes and stratifying patients in 
clinical trials. Refinements such as the NCCN-IPI [6], 
which introduces weighted scoring for age, LDH ratio, 
and specific extranodal sites, have demonstrated 
superior discrimination between risk groups. In 
addition, advances in molecular profiling have 
revealed that DLBCL encompasses distinct biologic 
entities with divergent outcomes. Cell-of-origin 
classification by gene expression profiling 
distinguishes the germinal center B-cell subtype from 
the activated B-cell subtype, with the latter associated 
with a poorer prognosis [7, 8]. Moreover, the 
development of next-generation sequencing and 
bioinformatics enables integrative genomic analyses in 
large patient cohorts to identify prognostically 
relevant genetic alterations and establish novel genetic 
classifications [9-11]. Recently, emerging tools, such as 
PET-derived metabolic tumor volume and circulating 
tumor DNA dynamics, have shown promise in 
outperforming clinical indices for risk prediction [12]. 
However, these novel molecular and imaging-based 
biomarkers have yet to be integrated into a validated 
prognostic index, and their clinical implementation 
remains limited by restricted accessibility and high 
technical requirements. Therefore, identifying 
additional predictors that can improve risk 
stratification remains an important and unmet clinical 
need. 

In recent years, increasing attention has been 
directed toward the role of body composition in cancer 
prognosis, treatment response, and clinical outcomes 
[13-15]. Beyond traditional measures such as body 
mass index (BMI), specific fat distributions, including 
visceral fat area (VFA) and subcutaneous fat area 
(SFA), are more closely associated with metabolic 
dysregulation, systemic inflammation, and tumor 
progression [16-18]. Emerging evidence suggests that 
adipose tissue is closely related not only to cancer 
development but also to the efficacy of anticancer 
therapies, potentially through alterations in the tumor 
microenvironment, drug pharmacokinetics, and 
immune regulation [19-22]. Of note, visceral and 
subcutaneous fat depots may have distinct biological 
effects, and accumulating evidence suggests that fat 
distribution may provide prognostic information not 
captured by BMI [23-25]. While several studies have 
linked the distribution of visceral adiposity or 
subcutaneous fat to clinical outcomes in solid tumors 
[26-30], the prognostic significance of these parameters 
in hematologic malignancies, especially in lymphoma, 
remains to be elucidated. 

Previous studies have indicated that body-
composition characteristics, including adipose tissue 
distribution and skeletal muscle mass, are associated 
with clinical outcomes in DLBCL [31, 32]. For example, 
factors such as a low body mass index (BMI <18.5 
kg/m²), a high visceral adipose tissue ratio, and the 
presence of sarcopenia have been associated with 
inferior survival [33, 34]. However, the prognostic 
significance of distinct adipose tissue compartments 
remains incompletely understood. We therefore 
hypothesized that SFA and VFA may be associated 
with clinical outcomes in DLBCL. To test this 
hypothesis, we quantified SFA and VFA from 
computed tomography (CT) images using an 
automated deep learning–based segmentation system 
and investigated their associations with PFS. We 
further evaluated whether SFA provided incremental 
prognostic information beyond the IPI, while overall 
survival (OS) was additionally examined as an 
exploratory outcome. 

Patients and Methods 
Study cohort 

Patients diagnosed with DLBCL were 
retrospectively identified from Kaohsiung Medical 
University Hospital between April 2010 and October 
2019. A total of 110 patients were included in the 
study. Clinical data, including demographic 
characteristics, laboratory findings, treatment 
regimens, and disease progression status, were 
collected from electronic medical records. In addition, 
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CT images were retrieved for body composition 
analysis. All patients underwent standard clinical 
follow-up after diagnosis and treatment. This study 
was approved by the Institutional Review Board of 
Kaohsiung Medical University Hospital (KMUHIRB-
E(I)-20220021). 

Ct-based body composition assessment 
During the study period, abdominal CT 

examinations were acquired using a standardized 
spiral CT protocol with 5-mm collimation and 2.5-mm 
reconstruction. For body composition analysis, a 
single axial image at the level of the umbilicus was 
selected for quantification of abdominal adiposity. The 
umbilical level was chosen based on established CT-
based approaches for quantifying visceral and 
subcutaneous adipose tissue, including previous 
studies in patients with cancer [35-38]. Although 
anatomical landmarks for adipose tissue assessment 
vary across studies, several lumbar and abdominal 
levels have been used for single-slice adiposity 
assessment [35-38]. VFA and SFA were quantified 
using a previously developed and validated 
automated CT image-analysis system based on a 
TransUNet deep-learning architecture [39, 40]. In the 
original validation study, the segmentation model was 
trained using 2,020 manually annotated abdominal CT 
images and achieved Dice coefficients of 0.956 and 
0.984 for visceral and subcutaneous adipose tissue, 
respectively, with corresponding mean intersection-
over-union values of 0.952 and 0.982 [39, 40]. The 
previously validated segmentation framework was 
applied without modification in the present study and 
performed automated pixel-wise segmentation of the 
visceral and subcutaneous adipose tissue 
compartments, from which the corresponding fat 
areas were calculated using standardized pixel-to-area 
scaling. All generated segmentation maps were 
visually inspected as a quality-control procedure to 
identify obvious segmentation errors or image-quality 
issues. Representative segmentation outputs and 
patterns of fat distribution are shown in 
Supplementary Figure S1 (A-C). SFA and VFA were 
treated as continuous variables in the survival 
analyses. To facilitate comparison of effect estimates 
between the two adipose tissue compartments, both 
measures were standardized, and hazard ratios (HRs) 
were expressed per 1-standard deviation (SD) 
increase. 

Clinical outcome 
The primary outcome of this study was PFS. PFS 

was defined as the time from the date of diagnosis to 
the first documented disease progression, relapse, or 
death from any cause, whichever occurred first. 

Disease progression or relapse was determined based 
on clinical evaluation, imaging findings, and/or 
pathological confirmation, in accordance with 
standard response assessment criteria for lymphoma. 
Patients without a PFS event were censored at the date 
of last follow-up. 

Covariates and variable definitions 
Clinical variables considered in the study 

included demographic factors (age and sex), 
nutritional and metabolic status (BMI), performance 
status (ECOG), disease burden (Ann Arbor stage), 
comorbidity status (Charlson Comorbidity Index 
[CCI]), treatment regimen (R-CHOP vs non-R-CHOP), 
and laboratory parameters reflecting tumor activity 
and organ function, including lactate dehydrogenase 
(LDH) and serum creatinine. The “non-R-CHOP” 
regimens include other less intensive treatments, such 
as R-COP or rituximab-based combination treatment. 
Body composition parameters, including VFA and 
SFA, were included as key variables of interest given 
their potential roles in cancer metabolism and 
treatment response. The IPI was used as the principal 
clinical prognostic measure in the primary survival 
models because it integrates established lymphoma-
related prognostic information while allowing 
parsimonious model specification given the number of 
observed events. 

Statistical analysis 
Continuous variables are presented as mean ± SD 

and were compared using the independent t-test, 
while categorical variables are expressed as 
frequencies (percentages) and were compared using 
the chi-square test.  

Associations of SFA and VFA with PFS were 
evaluated using Cox proportional hazards regression 
models. To minimize model overfitting and facilitate 
direct comparison between adipose tissue 
compartments, SFA and VFA were analyzed as 
continuous variables standardized to 1-SD increments. 
Separate parsimonious models were first fitted for 
SFA and VFA, with each model adjusted for the IPI. 
Analyses were conducted using a common complete-
case cohort with available PFS, IPI, SFA, and VFA data.  

A joint fat-compartment model including both 
standardized SFA and VFA together with the IPI was 
subsequently fitted to evaluate their associations when 
mutually adjusted. The difference between the 
standardized SFA and VFA regression coefficients was 
formally evaluated using a Wald test of the null 
hypothesis that the two coefficients were equal.  

Because SFA showed the stronger estimated 
association with PFS in the primary analyses, 
additional analyses focused on characterizing the SFA 
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association. The proportional hazards assumption for 
the primary IPI-plus-SFA model was evaluated using 
Schoenfeld residuals. Potential nonlinearity in the 
association between SFA and PFS was examined using 
a restricted cubic spline with three knots, adjusted for 
the IPI, with the median SFA value used as the 
reference. Overall and nonlinear associations were 
evaluated using Wald tests.  

Two sensitivity models were used to examine the 
robustness of the SFA association. A clinical sensitivity 
model additionally included CCI and treatment 
regimen together with the IPI, whereas a body-size 
and adiposity sensitivity model additionally included 
VFA and BMI. Correlations among SFA, VFA, and 
BMI were assessed using Pearson correlation 
coefficients, and variance inflation factors were 
examined to assess potential multicollinearity.  

To evaluate whether SFA provided incremental 
prognostic information beyond the IPI, the IPI-only 
model was compared with the IPI-plus-SFA model 
using Harrell’s C-index, the Akaike information 
criterion (AIC), and a likelihood-ratio test. The change 
in C-index was calculated, with its 95% confidence 
interval estimated using 1,000 bootstrap resamples. 
Internal validation was performed using 1,000 
bootstrap resamples to estimate optimism-corrected 
C-indices. Calibration of the IPI-plus-SFA model for 3-
year PFS was assessed using bootstrap resampling 
with 1,000 repetitions.  

As an exploratory secondary analysis, 
associations of SFA and VFA with OS were evaluated 
using the same Cox proportional hazards modeling 
framework as the primary PFS analysis. OS was 
defined as the time from diagnosis to death from any 
cause, with patients alive at the last follow-up 
censored at that date. Separate IPI-adjusted models 
were fitted for standardized SFA and VFA, followed 
by a joint model including the IPI and both adipose 
tissue compartments; their standardized coefficients 
were compared using the same Wald test described 
above. The proportional hazards assumption was 
evaluated using Schoenfeld residuals. 

All statistical tests were two-sided, and p < 0.05 
was considered statistically significant. Analyses were 
performed using R version 4.4.2 (R Foundation for 
Statistical Computing, Vienna, Austria). 

Results 
Baseline characteristics 

A total of 110 patients with DLBCL were 
included in this analysis. During the follow-up period, 
46 PFS events (41.8%) were observed, while 64 patients 
(58.2%) remained progression-free during a mean 
follow-up of 63.5 ± 45.2 months. Baseline 

characteristics according to PFS event status are 
summarized in Table 1. Compared with patients 
without a PFS event, those who experienced a PFS 
event more frequently had advanced-stage disease 
(stage III–IV: 73.9% vs 54.7%, p = 0.040), a higher 
comorbidity burden (CCI ≥2: 60.9% vs 37.5%, p = 
0.015), and received non–R-CHOP regimens more 
frequently (39.1% vs 15.6%, p = 0.003). Serum 
creatinine levels were also higher in patients with a 
PFS event (1.09 ± 0.68 vs 0.89 ± 0.29 mg/dL, p = 0.041). 
No statistically significant differences were observed 
in age, BMI, sex, ECOG performance status, LDH, 
VFA, or SFA between the two groups. 

 

Table 1. Baseline Characteristics According to Progression-Free 
Survival Event Status 

Variable All patients 
(n = 110) 

No PFS Event 
(n = 64) 

PFS Event 
(n = 46) 

p value 

Age (years) 60.50 ± 14.02 58.73 ± 13.86 62.96 ± 14.02 0.120 
BMI (kg/m²) 24.35 ± 3.53 23.85 ± 3.38 25.05 ± 3.66 0.078 
Sex    0.129 
  Female 60 31 (48.4%) 29 (63.0%)  
  Male 50 33 (51.6%) 17 (37.0%)  
ECOG status    0.058 
  0–1 100 61 (95.3%) 39 (84.8%)  
  ≥ 2 10 3 (4.7%) 7 (15.2%)  
Ann Arbor 
stage 

   0.040 

  I-II 41 29 (45.3%) 12 (26.1%)  
  III-IV 69 35 (54.7%) 34 (73.9%)  
CCI    0.015 
  0–1 58 40 (62.5%) 18 (39.1%)  
  ≥2 52  24 (37.5%) 28 (60.9%)  
Treatment 
regimen 

   0.003 

R-CHOP 82 54 (84.4%) 28 (60.9%)  
non-R-CHOP 28 10 (15.6%) 18 (39.1%)  
LDH (U/L) 296.89 ± 194.92 311.81 ± 225.94 276.13 ± 140.74 0.311 
Creatinine 
(mg/dL) 

0.97 ± 0.50 0.89 ± 0.29 1.09 ± 0.68 0.041 

VFA (cm2) 111.76 ± 50.06 108.25 ± 53.87 116.65 ± 44.33 0.388 
SFA (cm2) 160.87 ± 64.12 152.89 ± 62.55 171.98 ± 65.29 0.124 

Abbreviations: PFS, progression-free survival; BMI, body mass index; ECOG, 
Eastern Cooperative Oncology Group performance status; CCI, Charlson 
Comorbidity Index; LDH, lactate dehydrogenase; VFA, visceral fat area; SFA, 
subcutaneous fat area; R-CHOP, rituximab, cyclophosphamide, doxorubicin, 
vincristine, and prednisone. Note: PFS events included disease progression, 
relapse, or death from any cause, whichever occurred first. Continuous variables 
are presented as mean ± standard deviation. Categorical variables are presented as 
n (column %), with percentages calculated within each PFS event-status group. 

 

Associations of subcutaneous and visceral fat 
areas with progression-free survival 

Among the 109 patients with complete data for 
the primary survival analysis, 46 PFS events were 
observed. SFA and VFA were analyzed as continuous 
variables standardized to 1-SD increments. In separate 
Cox proportional hazards models adjusted for the IPI, 
each 1-SD increase in SFA was associated with a higher 
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hazard of a PFS event (HR, 1.34; 95% CI, 1.00–1.79; p = 
0.047), whereas VFA was not significantly associated 
with PFS (HR, 1.09; 95% CI, 0.82–1.44; p = 0.552) (Table 
2). In the joint model including both adipose tissue 
compartments and the IPI, the magnitude of the 
association for SFA remained similar (HR, 1.33; 95% 
CI, 0.99–1.79; p = 0.057), whereas the estimate for VFA 
remained close to the null (HR, 1.03; 95% CI, 0.76–1.38; 
p = 0.868). However, a formal Wald test showed no 
statistically significant difference between the 
standardized SFA and VFA coefficients (p = 0.265). 

Functional form and proportional hazards 
assumption for subcutaneous fat area  

There was no evidence of violation of the 
proportional hazards assumption for the primary IPI-
adjusted SFA model, either for IPI (p = 0.750), SFA (p 
= 0.900), or globally (p = 0.950). Restricted cubic spline 
analysis with three knots showed no evidence of a 
nonlinear association between SFA and PFS (p for 
nonlinearity = 0.978; p for overall association = 0.141), 
with the median SFA value of 153 cm² used as the 
reference (Figure 1). 

Sensitivity analyses 
The association between SFA and PFS was 

further examined in sensitivity analyses 
(Supplementary Table S1). In the clinical sensitivity 
model additionally accounting for CCI and treatment 
regimen, each 1-SD increase in SFA was associated 

with a higher hazard of a PFS event (HR, 1.52; 95% CI, 
1.11–2.08; p = 0.009). In the body-size and adiposity 
sensitivity model additionally including VFA and 
BMI, the association was attenuated (HR, 1.22; 95% CI, 
0.87–1.70; p = 0.250). Correlations among the adiposity 
measures were modest to moderate, with Pearson 
correlation coefficients of 0.223 between SFA and VFA, 
0.531 between SFA and BMI, and 0.426 between VFA 
and BMI. Variance inflation factors ranged from 1.05 
to 1.65, indicating no substantial multicollinearity in 
the body-size and adiposity sensitivity model. 

 

Table 2. Associations of Subcutaneous and Visceral Fat Areas 
with Progression-Free Survival 

Model Variable HR per 1-SD 
increase 

95% CI p value 

Separate IPI-adjusted 
models 

    

Model 1 SFA 1.34 1.00–1.79 0.047 
Model 2 VFA 1.09 0.82–1.44 0.552 
Joint fat-compartment 
model 

    

Model 3 SFA 1.33 0.99–1.79 0.057  
VFA 1.03 0.76–1.38 0.868 

Abbreviations: HR, hazard ratio; CI, confidence interval; SD, standard deviation; 
SFA, subcutaneous fat area; VFA, visceral fat area; IPI, International Prognostic 
Index.  
Note: Analyses were performed in 109 patients with complete data for IPI, SFA, 
and VFA, with 46 PFS events. SFA and VFA were analyzed as continuous 
variables standardized to 1-SD increments. Models 1 and 2 included IPI and either 
SFA or VFA, respectively. Model 3 included IPI, SFA, and VFA simultaneously. 
The standardized SFA and VFA regression coefficients in the joint model did not 
differ significantly (Wald test, p = 0.265). 

 

 
Figure 1. Restricted Cubic Spline Analysis of the Association Between Subcutaneous Fat Area and Progression-Free Survival. Restricted cubic spline analysis 
of the association between subcutaneous fat area (SFA) and progression-free survival, adjusted for the International Prognostic Index (IPI). The spline was modeled using three 
knots, with the median SFA value (153 cm²) as the reference (hazard ratio [HR] = 1.0). The solid line represents the estimated hazard ratio and the shaded area represents the 
95% confidence interval. There was no evidence of nonlinearity (p for nonlinearity = 0.978; p for overall association = 0.141). 
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Incremental prognostic value and internal 
validation 

The incremental prognostic value of SFA beyond 
the IPI was evaluated by comparing the IPI-only 
model with the IPI-plus-SFA model (Table 3). The 
apparent Harrell’s C-index increased from 0.618 for 
the IPI-only model to 0.632 after the addition of SFA, 
corresponding to a ΔC-index of 0.014 (bootstrap 95% 
CI, −0.013 to 0.069). The AIC decreased from 402.2 to 
400.5, while the likelihood-ratio test comparing the 
two nested models yielded a p-value of 0.053. After 
1,000 bootstrap resamples, the optimism-corrected C-
index was 0.617 for the IPI-only model and 0.620 for 
the IPI-plus-SFA model. Bootstrap-corrected 
calibration of the IPI-plus-SFA model for 3-year PFS is 
shown in Supplementary Figure S2. 

 

Table 3. Incremental Prognostic Value of SFA Beyond the 
International Prognostic Index 

Model Apparent 
C-index 

Optimism-
corrected C-
index 

AIC ΔC-index (95% CI) LRT p 
value 

IPI 
only 

0.618 0.617 402.2 - - 

IPI + 
SFA 

0.632 0.620 400.5 0.014 (−0.013 to 
0.069) 

0.053 

Abbreviations: SFA, subcutaneous fat area; IPI, International Prognostic Index; 
AIC, Akaike information criterion; LRT, likelihood-ratio test; CI, confidence 
interval. 
Note: The ΔC-index represents the difference in apparent Harrell’s C-index 
between the IPI-plus-SFA and IPI-only models; its 95% confidence interval was 
estimated using 1,000 bootstrap resamples. Optimism-corrected C-indices were 
estimated using 1,000 bootstrap resamples. The LRT compares the nested IPI-only 
and IPI-plus-SFA models. 

 

Exploratory overall survival analysis 
During follow-up, 43 deaths were observed. In 

exploratory analyses, neither SFA nor VFA was 
significantly associated with OS in the IPI-adjusted 
models (SFA: HR per 1-SD increase, 1.13; 95% CI, 0.82–
1.54; p = 0.459; VFA: HR, 1.07; 95% CI, 0.79–1.43; p = 
0.678) or in the joint model (SFA: HR, 1.12; 95% CI, 
0.81–1.54; p = 0.507; VFA: HR, 1.04; 95% CI, 0.76–1.42; 
p = 0.799) (Supplementary Table S2). The standardized 
SFA and VFA coefficients did not differ significantly 
(p = 0.784), with no evidence of violation of the 
proportional hazards assumption (global p ≥ 0.86). 

Discussion 
In this study, higher SFA was associated with 

poorer PFS in patients with DLBCL after adjustment 
for the IPI, whereas VFA showed little evidence of an 
association under the same modeling framework. 
When SFA and VFA were included simultaneously, 
the SFA effect estimate remained largely unchanged, 
although its confidence interval included the null, 

while the VFA estimate remained close to unity. 
However, the standardized SFA and VFA coefficients 
did not differ significantly, precluding a definitive 
conclusion that their associations with PFS differed 
between adipose tissue compartments. Moreover, 
adding SFA to the IPI provided only limited 
incremental prognostic information. In exploratory 
analyses, however, neither SFA nor VFA was 
significantly associated with OS, indicating that the 
association observed for SFA with PFS was not 
reproduced for all-cause mortality. These findings 
suggest that SFA may be associated with DLBCL 
prognosis, but its prognostic contribution beyond 
established clinical information requires further 
validation. 

SFA showed a stronger estimated association 
with PFS than VFA, although the difference between 
their standardized coefficients was not statistically 
significant. This pattern may nevertheless raise 
questions regarding whether different adipose tissue 
compartments have distinct biological relevance in 
DLBCL. Adipose tissue is an active endocrine and 
metabolic organ that can influence systemic 
inflammation, immune regulation, and cancer-related 
signaling [41-45]. In particular, subcutaneous adipose 
tissue is an important source of circulating leptin, 
which has been implicated in PI3K/AKT signaling 
and the regulation of Bcl-2 and cyclin D1 in malignant 
B cells [46, 47]. Body composition may also influence 
the pharmacokinetics and distribution of anticancer 
therapies, including rituximab and cytotoxic agents 
[48-52]. These mechanisms provide biological 
plausibility for an association between adipose 
distribution and DLBCL outcomes. However, they 
remain speculative in the context of the present study, 
in which circulating adipokines, inflammatory 
markers, and treatment pharmacokinetics were not 
directly measured.  

In addition to body composition, several 
established clinical characteristics were associated 
with PFS event status in our cohort. Patients who 
experienced a PFS event more frequently had 
advanced-stage disease and greater comorbidity 
burden and were more likely to receive non–R-CHOP 
regimens. These findings are broadly consistent with 
previous studies identifying disease burden and 
comorbidity as important determinants of outcomes in 
DLBCL [5, 6, 53, 54]. In the present analysis, the 
association between SFA and PFS remained evident 
after adjustment for the IPI and in the clinical 
sensitivity model additionally accounting for CCI and 
treatment regimen. The persistence of the SFA 
association across these models suggests that it was 
not fully accounted for by the clinical prognostic 
factors included in these analyses. 
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Alternatively, SFA may represent a broader host 
metabolic phenotype rather than a direct biological 
driver of lymphoma progression. Subcutaneous 
adiposity is related to systemic metabolic and 
inflammatory alterations and may capture aspects of 
host physiology that are not fully represented by 
conventional anthropometric measures such as BMI. 
The attenuation of the SFA association after additional 
adjustment for BMI and VFA in our study is consistent 
with at least partial overlap among these measures of 
body size and adiposity. Therefore, SFA should not 
necessarily be interpreted as a causal factor, but rather 
as a potential imaging-derived marker of host 
characteristics relevant to DLBCL outcomes. 

From a prognostic modeling perspective, the 
addition of SFA to the IPI provided only limited 
incremental information. Although the apparent C-
index increased from 0.618 to 0.632 and the AIC 
decreased modestly, the bootstrap confidence interval 
for the change in C-index included zero, and the 
likelihood-ratio test did not reach conventional 
statistical significance. Moreover, after bootstrap 
correction for optimism, the difference in C-index 
between the IPI-only and IPI-plus-SFA models was 
small. These findings indicate that the observed 
association between SFA and PFS does not necessarily 
translate into meaningful improvement in prognostic 
performance beyond the IPI alone [55]. Further 
evaluation in larger, independent cohorts is needed to 
determine whether CT-derived SFA can contribute to 
prognostic assessment in DLBCL [56]. 

Several limitations of this study should be 
acknowledged. First, this was a retrospective, single-
center study with a modest sample size (110 patients) 
and a limited number of PFS events (n = 46) and deaths 
(n = 43). This may have limited statistical power to 
detect modest differences between the associations of 
SFA and VFA, small incremental improvements in 
prognostic discrimination, and more modest 
associations with OS, while also limiting the 
generalizability of our findings. Second, although the 
primary models were adjusted for the IPI and 
additional clinical and body composition–related 
factors were considered in sensitivity analyses, 
residual and unmeasured confounding cannot be 
excluded. Skeletal muscle mass and muscle radiation 
attenuation were not quantified in this cohort; 
therefore, potential confounding by sarcopenia, 
myosteatosis, or sarcopenic obesity could not be 
evaluated. Third, body composition was assessed 
using a single CT slice at the umbilical level. Although 
the umbilical and lower lumbar levels have been used 
in previous CT-based assessments of abdominal 
adiposity, anatomical landmarks for adipose tissue 
quantification vary across studies; therefore, 

differences in slice selection may limit direct 
comparability with studies using other anatomical 
levels. Moreover, single-slice measurements may not 
fully capture whole-body adiposity. In patients with 
bulky retroperitoneal or pelvic lymphoma, local 
anatomical distortion or displacement of adipose 
tissue could introduce measurement variability, 
although all segmentation outputs underwent visual 
quality control. Dynamic changes in body composition 
during treatment were also not evaluated. Fourth, the 
study cohort was treated between 2010 and 2019, and 
evolving therapeutic strategies for DLBCL may limit 
the applicability of our findings to contemporary 
treatment settings. Finally, although bootstrap 
resampling was used for internal validation, an 
independent external validation cohort was not 
available, and the incremental prognostic value of SFA 
beyond the IPI was limited. Nevertheless, SFA can be 
derived from routinely acquired CT images without 
additional imaging procedures or patient burden, 
supporting its feasibility as an imaging-derived 
measure for further investigation. Larger, prospective, 
multicenter studies incorporating comprehensive 
assessment of both adipose and skeletal muscle 
compartments are needed to confirm these findings 
and determine whether CT-derived body-composition 
measures provide clinically useful prognostic 
information beyond established risk factors. 

Conclusions 
In conclusion, higher SFA was associated with 

poorer PFS in patients with DLBCL after adjustment 
for the IPI, whereas VFA showed little evidence of an 
association. However, the difference between the 
standardized SFA and VFA associations was not 
statistically significant, and the incremental prognostic 
value of SFA beyond the IPI was limited. Larger, 
prospective studies with external validation are 
needed to confirm these findings and determine the 
biological and clinical relevance of CT-derived 
adiposity measures in DLBCL. 
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