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Abstract
This study aimed to clarify the clinical and prognostic role of body composition and metabolic parameters extracted from 
baseline 18F-FDG PET/CT in patients with diffuse large B-cell lymphoma (DLBCL). We retrospectively collected the clin-
icopathological and 18F-FDG PET/CT parameters of 181 DLBCL patients. The indexes of skeletal muscle, subcutaneous 
adipose tissue, and visceral adipose tissue were calculated using the area measured at the  3rd lumbar level normalized for 
height. Additionally, the metabolic activity of corresponding muscle and adipose tissue, and maximum standardized uptake 
value (SUVmax), metabolic tumor volume (MTV), and total lesion glycolysis (TLG) of all lesions were measured. Survival 
endpoints included progression-free survival (PFS) and overall survival (OS). We identified 75 (41.4%) patients with low 
skeletal muscle index (sarcopenia), presenting risk factors including male, high β2-microglobulin, low BMI, high visceral 
adipose tissue index, low SUVmax of skeletal muscle, and high SUVmax of visceral adipose tissue. Male, low BMI, low 
visceral adipose tissue index, and high SUVmax of subcutaneous adipose tissue were risk factors for low subcutaneous 
adipose tissue index diagnosed in 105 (58.0%) patients. In total, 132 (79.2%) patients represented low visceral adipose tis-
sue index, associated with younger age, B symptoms, and low BMI. Eastern Cooperative Oncology Group (ECOG) status, 
sarcopenia, and visceral adipose tissue index were found independently predictive of PFS and OS, while β2-microglobulin 
was independently predictive of OS. In conclusion, body composition indexes were correlated with both clinical character-
istics and 18F-FDG PET/CT metabolic parameters, significantly impacting survival, such that sarcopenia and high visceral 
adipose tissue index were powerful predictors of poor DLBCL outcomes.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most com-
mon pathological subtype of lymphoma, accounting for 
approximately 40% of non-Hodgkin lymphomas (NHLs) 
[1]. Unlike other solid malignancies such as lung cancer and 
pancreatic cancer, the survival of newly diagnosed DLBCL 
patients varies greatly. Although the first-line regimen of 
rituximab plus CHOP (cyclophosphamide, doxorubicin, 
vincristine, and prednisone) significantly improves the out-
comes of DLBCL patients, nearly one-third of patients still 
have poor outcomes [2]. The International Prognostic Index 
(IPI) based on age, lactate dehydrogenase, number of extran-
odal involvements, Ann Arbor staging, and Eastern Coop-
erative Oncology Group (ECOG) status is a classic clinical 
tool for risk stratification and outcome prediction in DLBCL 
patients. However, the IPI was developed in the era when 
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patients only received chemotherapy (mainly CHOP regi-
men). With the application of rituximab, the predictive abil-
ity of the IPI for patient outcomes has obviously decreased 
[3]. Therefore, identifying better prognostic indicators for 
DLBCL is urgently needed.

It has previously been reported that body composition 
indexes such as muscle and adipose tissue are closely associ-
ated with long-term survival in various diseases. Sarcopenia, 
defined as a progressive and systemic skeletal muscle dis-
ease characterized by loss of muscle mass and strength, is 
prevalent among cancer patients [4–6]. The most accepted 
diagnostic criterion for sarcopenia is the skeletal muscle 
index, which is derived from the skeletal muscle area as 
measured at the level of the third lumbar vertebra (L3) on 
CT images. Studies have shown a significant correlation 
between sarcopenia and the prognosis of malignancies such 
as lymphoma, esophageal cancer, and lung cancer [7–9]. 
Similarly, recent evidence has suggested that subcutaneous 
and visceral adipose tissues were associated with outcomes 
of patients with malignancy including lymphoma [10, 11]. 
Furthermore, the indexes of subcutaneous and visceral adi-
pose tissues can be also calculated at the L3 level on CT 
images.

18F-FDG PET/CT has been incorporated into clinical 
practice guidelines and consensus of lymphoma, which 
plays a pivotal role in evaluating clinical staging, treat-
ment response, and prognosis for DLBCL patients [12, 13]. 
The metabolic parameters provided by 18F-FDG PET/CT, 
including maximum standardized uptake value (SUVmax), 
metabolic tumor volume (MTV), and total lesion glycolysis 
(TLG), have been utilized to predict the survival for lym-
phoma patients [14, 15]. Meanwhile, whole-body 18F-FDG 
PET/CT examinations include both PET and CT images at 
the L3 level, which can be used to not only measure the 
indexes of skeletal muscle, subcutaneous adipose tissue, and 
visceral adipose tissue, but also obtain metabolic parameters 
of body composition indexes including SUVmax of muscle 
and adipose tissue at the same level. Therefore, this study 
aimed to utilize 18F-FDG PET/CT to investigate the clinical 
and prognostic role of metabolic parameters and body com-
position (muscle and adipose tissue) in DLBCL patients, and 
identify valid prognostic indicators for DLBCL.

Materials and methods

Study cohort

A total of 181 consecutive adult patients with DLBCL were 
recruited from August 2016 to October 2021. Criteria for 
selecting the subjects were as follows: (1) pathological diag-
nosis of DLBCL; (2) underwent baseline 18F-FDG PET/CT 
scan; and (3) received R-CHOP-based regimen. Patients who 

did not complete the first-line therapies were excluded in 
this study. Baseline clinicopathological features were col-
lected, including age, gender, body mass index (BMI), B 
symptoms (defined as the presence of at least one of the 
following manifestations: fever, night sweat, and weight 
loss), serum lactate dehydrogenase (LDH), β2 microglobu-
lin (β2M), absolute lymphocyte count, absolute monocyte 
count, ECOG performance status (PS), Ann Arbor stage, the 
number of extranodal sites, International Prognostic Index 
(IPI), cell of origin (GCB or non-GCB phenotype according 
to the Hans algorithm), and follow-up data.

18F‑FDG PET/CT scan

Before image acquisition, patients were required to fast for at 
least 6 h and avoid strenuous exercise for 24 h, and the level 
of fasting blood glucose levels was < 11.0 mmol/L. PET/CT 
scan was conducted about 60 ± 5 min after intravenous injec-
tion of 18F-FDG (3.7 MBq/kg) using Biograph 16 scanner 
(Siemens Healthineers, Erlangen, Germany). PET images 
from the skull base to the midthigh were obtained from six 
or seven bed positions with 2.5 min per bed. A low-dose 
CT scan was acquired in the same scanner using the fol-
lowing parameters: 120 kV, 75 mA with auto mA, 0.75-mm 
pitch, 0.5-s tube rotation, and slice thickness of 5 mm. PET 
images were reconstructed using the ordered subset expecta-
tion maximization (OSEM) algorithm and CT-based attenu-
ation correction was applied.

PET metabolic parameters analysis

PET/CT images were analyzed by two nuclear medicine 
physicians who were blinded to the clinical information 
of the DLBCL patients and worked independently of each 
other, using the Syngo workstation (Siemens Healthineers, 
Erlangen, Germany). PET/CT metabolic parameters includ-
ing SUVmax, MTV, and TLG were recorded for all lesions. 
TLG was calculated by multiplying SUVmean by MTV, 
using a threshold of 40% of the SUVmax. The SUVmax 
values of skeletal muscle, subcutaneous adipose tissue, 
and visceral adipose tissue were measured at the L3 level 
(Fig. 1a–c).

Muscle and adipose tissue measurements

Muscle and adipose tissue measurements were calculated 
from the CT component of PET/CT using ImageJ software 
(version 2.9.0). The tissue cross-sectional areas  (cm2) at 
the L3 vertebrae level were determined based on standard 
Hounsfield units (HU) thresholds, with values of –29 to 150 
HU for skeletal muscle, –190 to –30 HU for subcutaneous 
adipose tissue, and –150 to –50 HU for visceral adipose 
tissue (Fig. 1d–f). The skeletal muscle area and adipose 
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tissue area were normalized for height  (m2) to calculate 
the indexes of skeletal muscle, subcutaneous adipose tis-
sue and visceral adipose tissue  (cm2/m2). According to pre-
vious recommendations, sarcopenia is defined as skeletal 
muscle index < 44.77  cm2/m2 for males and skeletal muscle 
index < 32.50  cm2/m2 for females [16]. The survival receiver 
operating characteristic curve (ROC) package was used to 
determine the appropriate cutoff values of subcutaneous and 
visceral adipose tissue indexes, which were then divided into 
high and low groups.

Follow‑up

The median follow-up time was 35 months, ranging from 1 
to 77 months. The endpoint events of follow-up were pro-
gression-free survival (PFS) and overall survival (OS). PFS 
was defined as the interval between the date of the diagnosis 
and the date of disease progression or death. OS was defined 
as the interval between the date of the diagnosis and the date 
of the death. For patients without death, cases were defined 
as censored at the date of their last follow-up.

Statistical analysis

Data management and analysis were performed using SPSS 
(version 26.0, IBM Corp) or R (version 4.2.2, R Founda-
tion for Statistical Computing). Continuous variables were 
expressed as median and range, and categorical variables 
were expressed as frequencies. Independent-sample t test 

or Mann–Whitney U test was used to compare continuous 
variables, and chi-squared test or Fisher’s exact test was 
used to compare categorical variables. Factors that were 
significantly associated with skeletal muscle, subcutane-
ous adipose tissue, and visceral adipose tissue indexes in 
the univariate analysis were entered into a multiple logistic 
regression model using a forward selection strategy, respec-
tively. The correlation of indexes was calculated with the 
Spearman correlation coefficient. The stepwise multivariate 
Cox proportional hazards regression model was employed 
to determine independent prognostic factors. Kaplan–Meier 
method was applied to plot the survival curves, and survival 
estimates were compared by log-rank tests. When continu-
ous variables were converted into categorical variables, 
clinical cutoff values were preferred. If not available, the 
survival ROC package was used to determine the appropriate 
cutoff value of continuous variables. P < 0.05 was consid-
ered statistically significant.

Results

Patients’ clinicopathological and PET/CT findings

A total of 181 patients with DLBCL (GCB vs non-GCB, 
68 vs 113) were included in the study, and their charac-
teristics are outlined in Table 1. The study population 
consisted of 99 males and 82 females, with a median age 
of 60 years (range, 22–83 years) at disease onset. Most 

Fig. 1  Example of SUVmax of skeletal muscle (a), subcutaneous adi-
pose tissue (b), and visceral adipose tissue (c) measured on a cross-
sectional PET/CT image at the L3 level and outlined in red, blue, and 
green, respectively.Example of skeletal muscle area (d), subcutaneous 

adipose tissue area (e), and visceral adipose tissue area (f) measured 
on a cross-sectional CT image at the L3 level and outlined in red, 
blue, and green, respectively



2782 Annals of Hematology (2023) 102:2779–2789

1 3

patients were with absent B symptoms (143/181, 79.0%), 
Ann Arbor stage III–IV (103/181, 71.8%), and less (0–1) 
extranodal sites (128/181, 70.7%). Furthermore, 37.6% 
(68/181), 30.4% (55/181), and 42.0% (76/181) patients had 
elevated serum LDH, β2M, and absolute monocyte count 
level, while 35.4% (64/181) patients had decreased serum 
absolute lymphocyte count level.

At the diagnosis of DLBCL, only 9.4% patients 
(17/181) had ECOG performance status of 2–4, indicating 
poor physical condition. Based on IPI risk stratification, 
66.9% patients (121/181) had low or low–intermediate risk 
(score 0–2), and 33.1% patients (60/181) had high–inter-
mediate or high risk (score 3–5). Moreover, the median 
BMI and the indexes of skeletal muscle, subcutaneous 
adipose tissue, and visceral adipose tissue of all enrolled 
patients were 22.41 kg/m2 (range, 13.63–34.05 kg/m2), 
40.63  cm2/m2 (range, 25.10–64.53  cm2/m2), 40.93  cm2/m2 
(range, 1.47–105.38  cm2/m2), and 34.28  cm2/m2 (range, 
0.83–115.03  cm2/m2).

All lesions of these 181 patients showed FDG-avid on 
PET/CT imaging, with median SUVmax, MTV, and TLG of 
19.9 (range, 2.0–105.0), 62.1 (range, 1.3–5350.4), and 691.5 
(range, 6.9–42,143.0), respectively. Additionally, the median 
SUVmax of skeletal muscle, subcutaneous, and visceral adi-
pose tissue values were 1.15 (range, 0.50–2.33), 0.37 (range, 
0.13–0.96), and 0.64 (range, 0.24–1.61), respectively. More 
detailed baseline PET/CT metabolic parameters are shown 
in Table 1.

Factors associated with muscle and adipose tissue 
indexes

As shown in Table 2, 75 out of 181 patients were diagnosed 
with low skeletal muscle index (sarcopenia). Male, higher 
serum β2M level, lower BMI, lower subcutaneous and vis-
ceral adipose tissue indexes, higher MTV and TLG, and 
lower SUVmax of skeletal muscle were correlated with low 
skeletal muscle index (P < 0.05). Based on the survival ROC 
analysis, the best cutoff values of subcutaneous and visceral 
adipose tissue indexes were 44.16  cm2/m2 and 49.60  cm2/
m2, respectively. Low vs. high subcutaneous adipose tissue 
index was observed in 105 vs 76 patients, and low vs high 
visceral adipose tissue index was in 132 vs. 49 patients, 
respectively. Male, present B symptoms, elevated serum 
LDH level, lower BMI and visceral adipose tissue index, 
higher MTV and TLG, lower SUVmax of skeletal muscle, 
and higher SUVmax of subcutaneous and visceral adipose 
tissue were associated with low subcutaneous adipose tissue 
index (P < 0.05). Besides, lower age, present B symptoms, 
lower BMI, lower skeletal muscle and subcutaneous adipose 
tissue indexes, and lower SUVmax of skeletal muscle were 
associated with low visceral adipose tissue index (P < 0.05).

Furthermore, Table 3 displayed the results of multivari-
ate logistic regression analysis, which revealed that sex, 
serum β2M level, BMI, visceral adipose tissue index, and 
SUVmax of skeletal muscle and visceral adipose tissue 
were independent predictors of low skeletal muscle index 
(P < 0.05). Moreover, sex, BMI, visceral adipose tissue 
index, and SUVmax of subcutaneous adipose tissue were 
independent predictors of low subcutaneous adipose tissue 
index (P < 0.05). Besides, age, B symptoms, and BMI were 
independent predictors of low visceral adipose tissue index 
(P < 0.05).

Correlations between BMI, and muscle and adipose 
tissue indexes

For these 181 DLBCL patients, BMI had a positive cor-
relation with the indexes of skeletal muscle, subcutaneous 
adipose tissue, and visceral adipose tissue (Rs = 0.57, 0.54, 
and 0.66; P < 0.001). In addition to that, visceral adipose 
tissue index also had a positive correlation with skeletal 

Table 1  Patient demographics

SMI skeletal muscle index, SATI subcutaneous adipose tissue index, 
VATI visceral adipose tissue index, SUVmax_M SUVmax of skel-
etal muscle, SUVmax_SAT SUVmax of subcutaneous adipose tissue, 
SUVmax_VAT SUVmax of visceral adipose tissue

Characteristics All patients
(n = 181)

Age/years, median (range) 60 (22–83)
Sex, male vs female 99 vs 82
GCB vs non-GCB 68 vs 113
B symptoms, present vs absent 38 vs 143
LDH, elevated vs normal 68 vs 113
β2M, elevated vs normal 55 vs 126
Absolute lymphocyte count, decreased vs 

normal
64 vs 117

Absolute monocyte count, elevated vs normal 76 vs 105
Ann Arbor stage, I–II vs III–IV 78 vs 103
Extranodal sites, 0–1 vs ≥ 2 128 vs 53
ECOG, 0–1 vs 2–4 164 vs 17
IPI, 0–2 vs 3–5 121 vs 60
Body composition index, median (range)

  BMI (kg/m2) 22.14 (13.63–34.05)
  SMI  (cm2/m2) 40.63 (25.10–64.53)
  SATI  (cm2/m2) 40.93 (1.47–105.38)
  VATI  (cm2/m2) 34.28 (0.83–115.03)

PET/CT parameters, median (range)
  SUVmax 19.9 (2.0–105.0)
  MTV 62.1 (1.3–5350.4)
  TLG 691.5 (6.9–42,143.0)
  SUVmax_M 1.15 (0.50–2.33)
  SUVmax_SAT 0.37 (0.13–0.96)
  SUVmax_VAT 0.64 (0.24–1.61)
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muscle and subcutaneous adipose tissue indexes (Rs = 0.27 
and 0.55; P < 0.001). There was no significant correlation 
between skeletal muscle and subcutaneous adipose tissue 
indexes (P = 0.607) (Fig. 2).

Survival analysis

Among the 181 DLBCL patients, 38 patients experienced dis-
ease progression, and 32 of those patients died. The 5-year PFS 
and OS rates were 96.1% and 96.7%, respectively. Univariate 

Cox regression analysis revealed that age, LDH, β2M, ECOG, 
IPI, cell of origin, MTV, TLG, sarcopenia, and visceral adi-
pose tissue index were associated with both PFS and OS 
(P < 0.05, Table 4). Multivariate analysis demonstrated that 
ECOG (PFS: HR = 3.159, 95%CI = 1.337–7.462, P = 0.009; 
OS: HR = 3.044, 95%CI = 1.222–7.585, P = 0.017), sarcope-
nia (PFS: HR = 2.355, 95%CI = 1.150–4.820, P = 0.019; OS: 
HR = 2.265, 95%CI = 1.041–4.931, P = 0.039), and visceral 
adipose tissue index (PFS: HR = 1.021, 95%CI = 1.006–1.037, 
P = 0.008; OS: HR = 1.023, 95%CI = 1.006–1.041, P = 0.008) 

Table 3  Univariable and 
multivariable logistic 
regressions for body 
composition indexes

SMI skeletal muscle index, SATI subcutaneous adipose tissue index, VATI visceral adipose tissue index, 
SUVmax_M SUVmax of skeletal muscle, SUVmax_SAT SUVmax of subcutaneous adipose tissue, SUV-
max_VAT SUVmax of visceral adipose tissue
*Indicated statistical significance

Low SMI/sarcopenia as endpoint
Variables Univariate Multivariate

OR (95%CI) P value OR (95%CI) P value
  Sex (male) 1.917 (1.046–3.515) 0.035* 6.029 (1.782–20.399) 0.004*
  β2M (elevated) 2.407 (1.261–4.596) 0.008* 3.634 (1.352–9.771) 0.011*
  Absolute lym-

phocyte count 
(decreased)

1.901 (1.024–3.530) 0.042* - -

  BMI 0.671 (0.584–0.771)  < 0.001* 0.522 (0.401–0.68)  < 0.001*
  SATI 0.963 (0.946–0.980)  < 0.001* - -
  VATI 0.982 (0.968–0.997) 0.017* 1.031 (1.004–1.059) 0.023*
  MTV 1.001 (1.000–1.001) 0.063 - -
  TLG 1.000 (1.000–1.000) 0.084 - -
  SUVmax_M 0.090 (0.032–0.256)  < 0.001* 0.068 (0.017–0.274)  < 0.001*
  SUVmax_VAT 4.005 (1.027–15.614) 0.046* 12.293 (1.426–105.982) 0.022*

Low SATI as endpoint
Variables Univariate Multivariate

OR (95%CI) P value OR (95%CI) P value
  Sex (male) 6.750 (3.496–13.033)  < 0.001* 30.596 (9.858–94.957)  < 0.001*
  B symptoms 2.400 (1.086–5.306) 0.031* - -
  LDH (elevated) 2.122 (1.127–3.997) 0.020* - -
  BMI 0.762 (0.680–0.854)  < 0.001* 0.731 (0.599–0.891) 0.002*
  VATI 0.966 (0.951–0.981)  < 0.001* 0.965 (0.939–0.992) 0.012*
  MTV 1.001 (1.000–1.002) 0.007* - -
  TLG 1.000 (1.000–1.000) 0.013* - -
  SUVmax_M 0.334 (0.144–0.771) 0.010* - -
  SUVmax_SAT 27.785 (2.447–315.502) 0.007* 218.280 (3.346–14241.081) 0.012*
  SUVmax_VAT 5.553 (1.305–23.632) 0.020* - -

Low VATI as endpoint
Variables Univariate Multivariate

OR (95%CI) P value OR (95%CI) P value
  Age 0.949 (0.918–0.980) 0.001* 0.949 (0.910–0.990) 0.015*
  B symptoms 5.533 (1.617–18.932) 0.006* 5.875 (1.188–29.062) 0.030*
  BMI 0.611 (0.519–0.719)  < 0.001* 0.580 (0.445–0.756)  < 0.001*
  SMI 0.939 (0.901–0.979) 0.003* - -
  SATI 0.961 (0.944–0.979)  < 0.001* - -
  SUVmax_M 0.193 (0.076–0.492) 0.001* - -
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were independent predictors of both PFS and OS, while serum 
β2M (HR = 2.963, 95%CI = 1.266–6.937, P = 0.012) was only 
independently predictive for OS (Table 4).

Kaplan–Meier analyses for PFS and OS are depicted in 
Fig. 3. The results showed that DLBCL patients with sar-
copenia had significantly shorter PFS (P = 0.036) and OS 
(P = 0.044) than non-sarcopenic patients. Furthermore, the 
patients with high visceral adipose tissue index had signifi-
cantly poorer PFS (P < 0.001) and OS (P < 0.001) compared 
to the low group patients.

Discussion

18F-FDG PET/CT is a routine examination for DLBCL 
patients, which allows for the acquisition of body composi-
tion and metabolic parameters without increasing additional 
costs or risks. In our study, the incidence of sarcopenia in 
DLBCL patients was 41.1% which falls within the range of 
23.9–55.6% reported in previous studies [17]. Sarcopenia 
has a complex etiology, with aging as one of the most impor-
tant factors in the general population [6]. However, possibly 
due to the relatively advanced age of DLBCL patients in 
our cohort (median age of 60 years), we did not observe 
age as a predictive value for sarcopenia, which is inconsist-
ent with previous DLBCL-related studies [18, 19]. Consist-
ent with our previous studies, the results showed that male, 
lower BMI, and lower metabolic activity of skeletal muscle 
were associated with the increased probability of sarcopenia 
[20]. Notably, both metabolic activity and index of visceral 

adipose tissue were significantly correlated with sarcopenia, 
probably attributed to the abnormal distribution of adipose 
tissue and adipose infiltration into skeletal muscle, leading 
to muscle loss. Furthermore, very little was found in the lit-
erature on the question of β2M levels and sarcopenia, but we 
observed that higher β2M levels indicated the incidence of 
sarcopenia. The same result was observed in elderly patients 
with end-stage renal disease [21]. β2M is the light chain 
subunit of the class I antigen of the major histocompatibility 
complex and is associated with host immunity. However, 
the mechanism underlying the correlation between β2M and 
sarcopenia remains unclear.

Unlike muscle tissue, the definitions and evaluation meth-
ods for adipopenia and adiposity vary greatly across different 
studies, and a consensus has yet to be reached [22–25]. It 
is well known that subcutaneous adipose tissue is lower in 
men than women [26], as observed in our study. And in a 
large-scale population study of 59,429 adults conducted in 
China, a younger age was associated with lower visceral 
adipose tissue area, while there was no significant differ-
ence in subcutaneous adipose tissue area between different 
age groups. Besides, both subcutaneous and visceral adipose 
tissue areas were positively correlated with BMI levels [27]. 
These findings are consistent with our own study. Among 
them, visceral adiposity is a key driver of cardiovascular 
disease [28], which may be linked to higher visceral adipose 
tissue index in older patients. Furthermore, FDG uptake of 
adipose tissue reflects glucose metabolism during fatty acid 
synthesis in adipocytes, as a marker of adipose tissue inflam-
mation state [29]. And in our study, the area of subcutaneous 
adipose tissue decreased as its metabolic activity increased, 
suggesting a potential self-regulatory phenomenon, which 
was also observed in visceral adipose tissue [30].

Although our and other studies showed that BMI had 
positive correlation with the indexes of skeletal muscle, 
subcutaneous adipose tissue, and visceral adipose tissue, 
it cannot distinguish between muscle and adipose tissue, 
making it a simple but imperfect index for evaluating 
the prognosis of patients with malignancy [24]. Changes 
in muscle and adipose tissue distribution have important 
effects on cancer patients, especially skeletal muscle loss 
and increased visceral adipose tissue, which indicate a 
worse prognosis in various tumor diseases [24, 31]. Indeed, 
we found that sarcopenia (low skeletal muscle index) and 
high visceral adipose tissue index were the true determin-
ing factors for worse PFS and OS in patients, rather than 
BMI. A recent meta-analysis of 12 retrospective studies 
showed that sarcopenia was still associated with lower 
survival rates in DLBCL patients, even after adjusting for 
confounding factors [17]. However, as of now, the effect of 
subcutaneous and visceral adipose tissue on the survival 
of DLBCL patients has not yet reached a consensus. In 
the literature about elderly (> 70 years) DLBCL patients, 

Fig. 2  Spearman correlation analysis of BMI, skeletal muscle index 
(SMI), subcutaneous adipose tissue index (SATI), and visceral adi-
pose tissue index (VATI)
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those with decreased subcutaneous and visceral adipose tis-
sue had shorter OS [32], which was inconsistent with our 
study. Compared to subcutaneous adipose tissue, visceral 
adipose tissue produces more pro-inflammatory cytokines 
and growth factors, affecting cell proliferation and diffusion, 
as well as response to treatment, promoting inflammation 
and tumor progression, and leading to a poor prognosis 
eventually [33–35].

ECOG performance status is a practical tool for assess-
ing the overall health status and daily activity ability 
of cancer patients, commonly used to assist in guiding 

clinical decisions and prognosis [36]. Our study also 
showed that ECOG was an independent predictor of prog-
nosis in DLBCL patients, which was in line with previous 
studies. Prior studies have noted that serum β2M can serve 
as an important prognostic indicator for DLBCL, and a 
similar result was observed in the present study. Although 
the prognostic value of β2M in DLBCL has been repeat-
edly confirmed, the underlying mechanisms have not been 
fully elucidated. These findings suggest a role for host 
immunity in cancer biology, and related biomarkers may 
provide prognostic information [37, 38].

Table 4  Univariable and multivariate Cox proportional hazards regression for PFS and OS

SATI subcutaneous adipose tissue index, VATI visceral adipose tissue index, SUVmax_M SUVmax of skeletal muscle, SUVmax_SAT SUVmax 
of subcutaneous adipose tissue, SUVmax_VAT SUVmax of visceral adipose tissue
*Indicated statistical significance

Univariable Cox regression
Variable PFS as endpoint OS as endpoint

HR 95%CI P value HR 95%CI P value
  Age 1.052 1.018–1.087 0.003* 1.061 1.022–1.102 0.002*
  Sex (male) 1.953 0.985–3.873 0.055 1.966 0.931–4.154 0.076
  Cell origin (GCB) 0.431 0.198–0.941 0.035* 0.370 0.152–0.899 0.028*
  B symptoms (present) 1.415 0.687–2.913 0.346 1.294 0.581–2.880 0.528
  LDH (elevated) 2.485 1.305–4.732 0.006* 3.022 1.477–6.183 0.002*
  β2M (elevated) 3.527 1.858–6.695  < 0.001* 5.627 2.707–11.694  < 0.001*
  Absolute lymphocyte count (decreased) 1.558 0.822–2.954 0.174 1.953 0.976–3.907 0.059
  Absolute monocyte count (elevated) 1.332 0.704–2.520 0.379 1.513 0.755–3.030 0.243
  Ann Arbor stage (III–IV) 1.674 0.844–3.317 0.140 2.015 0.932–4.355 0.075
  Extranodal sites (≥ 2) 1.118 0.564–2.215 0.750 1.278 0.616–2.651 0.510
  ECOG (2–4) 4.041 1.911–8.544  < 0.001* 4.179 1.875–9.310  < 0.001*
  IPI (3–5) 2.443 1.292–4.620 0.006* 2.810 1.397–5.651 0.004*
  BMI 1.065 0.969–1.171 0.191 1.065 0.961–1.181 0.230
  Sarcopenia 1.961 1.034–3.719 0.039* 2.019 1.003–4.063 0.049*
  SATI 0.996 0.981–1.012 0.623 0.997 0.981–1.014 0.765
  VATI 1.014 1.000–1.027 0.043* 1.015 1.000–1.030 0.044*
  SUVmax 1.008 0.985–1.031 0.500 1.001 0.974–1.028 0.966
  MTV 1.000 1.000–1.001 0.010* 1.000 1.000–1.001 0.003*
  TLG 1.000 1.000–1.000 0.007* 1.000 1.000–1.000 0.005*
  SUVmax_M 0.670 0.274–1.637 0.380 0.856 0.334–2.197 0.746
  SUVmax_SAT 2.516 0.286–22.135 0.406 1.523 0.131–17.766 0.737
  SUVmax_VAT 1.416 0.368–5.454 0.613 1.635 0.381–7.017 0.508

Multivariable Cox regression
Variable PFS as endpoint OS as endpoint

HR 95%CI P value HR 95%CI P value
  Age 1.027 0.990–1.065 0.158 1.031 0.988–1.077 0.160
  Cell origin (GCB) 0.571 0.254–1.283 0.175 0.546 0.218–1.370 0.197
  LDH (elevated) 1.509 0.728–3.127 0.269 1.672 0.740–3.777 0.217
  β2M (elevated) 1.801 0.837–3.875 0.132 2.963 1.266–6.937 0.012*
  ECOG (2–4) 3.159 1.337–7.462 0.009* 3.044 1.222–7.585 0.017*
  Sarcopenia 2.355 1.150– 4.820 0.019* 2.265 1.041–4.931 0.039*
  VATI 1.021 1.006–1.037 0.008* 1.023 1.006–1.041 0.008*
  TLG 1.000 1.000–1.000 0.605 1.000 1.000–1.000 0.747
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There are certain limitations to this study. Firstly, this is 
a retrospective single-center study involving only the Asia 
cohort, which might limit the extrapolation of our findings 
to other cohorts. Secondly, sarcopenia is also characterized 
by a decline in muscle function, such as grip strength and 
gait speed, and the relationship between these functional 
parameters and prognosis needs further investigation. 
Third, due to the lack of consensus on the definition of adi-
popenia and adiposity, it is unclear whether the cutoff val-
ues used in this study could be applicable to other regions 
and populations. Therefore, further prospective large-scale 
multicenter studies and validation in other malignancies are 
required to confirm these results. In spite of its limitations, 
the study certainly adds to our understanding of the role 
of 18F-FDG PET/CT in assessing body composition for 
patients with DLBCL.

Conclusion

Body composition indexes of muscle and adipose tissue 
were associated with clinical features and 18F-FDG PET/
CT metabolic parameters. The comprehensive analysis of 
body composition and metabolic parameters using 18F-FDG 
PET/CT has shed light on their impact on the survival of 
DLBCL patients, and identified sarcopenia and high visceral 
adipose tissue index as independent risk factors for poor 
DLBCL prognosis.
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