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Abstract
Background: The occurrence of adverse events after immunochemotherapy in patients with 
diffuse large B-cell lymphoma (DLBCL) frequently affects the course of chemotherapy, leading 
to a further decline in quality of life and survival.
Objectives: The primary objective of this study was to investigate the association between 
Chinese visceral adiposity index (CVAI), lipid accumulation product (LAP) index and skeletal 
muscle mass index (SMI) at initial diagnosis and the risk of haematological toxicity following 
immunochemotherapy in patients with DLBCL.
Design: Retrospective, single-centre study.
Methods: CVAI, LAP and SMI were calculated by combining clinical data of the patients. 
This study included 213 patients, of whom 117 (55%) patients experienced grades 3–4 
haematological toxicity after immunochemotherapy. Participants were divided into four 
groups (Q1, Q2, Q3, Q4) based on the quartiles of CVAI, LAP and SMI.
Results: In the fully adjusted model, the risk of grades 3–4 haematological toxicity in group 
with the highest CVAI and LAP was reduced by 75.1% (OR: 0.249, 95% CI: 0.102–0.606, 
p = 0.002) and by 77.3% (OR: 0.227, 95% CI: 0.095–0.542, p = 0.001) compared to the group with 
the lowest CVAI and LAP. For SMI, the risk of grades 3–4 haematological toxicities in the 
group with the highest SMI was reduced by 62.9% compared with the lowest SMI group in the 
unadjusted model. The multivariable-adjusted restricted cubic spline curves and subgroup 
interaction analyses further confirmed the robustness of these findings.
Conclusion: The results indicate that DLBCL patients with relatively high CVAI, LAP and SMI at 
initial diagnosis have a lower risk of severe haematological toxicity following chemotherapy. 
Therefore, CVAI, LAP and SMI at initial diagnosis are reliable and effective biomarkers for 
predicting severe haematological toxicity after immunochemotherapy in DLBCL patients.
Trial registration: This is a retrospective study, and no registration on ClinicalTrials.gov.

Keywords:  Chinese visceral adiposity index, diffuse large B-cell lymphoma, haematological 
toxicity, immunochemotherapy, lipid accumulation product index, skeletal muscle mass index
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Introduction
Diffuse large B-cell lymphoma (DLBCL) is the 
most prevalent subtype of non-Hodgkin’s lym-
phoma. The first-line standard treatment for 

DLBCL is R-CHOP (anti-CD20 monoclonal 
antibody in combination with cyclophosphamide, 
doxorubicin, vincristine and prednisone). This 
regimen has been shown to achieve a 5-year 
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survival in 60%–70% of patients.1 However, the 
occurrence of adverse events after immunochemo-
therapy often results in dose reductions, treatment 
delays or discontinuation of chemotherapy, which 
can lead to prolonged hospitalization, and a further 
decline in patients’ the quality of life and survival.2 
The toxicities associated with the administration of 
chemotherapeutic agents include haematological 
toxicities (anaemia, leucopenia, neutropenia, 
thrombocytopenia) and non-haematological tox-
icities (neurotoxicity, gastrointestinal toxicity, 
hepatotoxicity, nephrotoxicity, cardiotoxicity).3 
Identifying indicators related to the occurrence of 
these toxicities after immunochemotherapy is criti-
cal for improving patient outcomes.

It is well established that the vast majority of chemo-
therapeutic agents currently in use are administered 
based on body surface area (BSA).2 This method 
assumes that all patients with the same BSA exhibit 
similar pharmacokinetics. However, as early as 
2008, the study demonstrated that patients with 
identical BSA or body mass index (BMI) can differ 
significantly in the amount and distribution of adi-
pose and skeletal muscle tissue.4 The distribution of 
adipose and skeletal muscle tissue can be measured 
by dual-energy X-ray absorptiometry (DXA), bioel-
ectrical impedance analyses, computed tomography 
(CT) or magnetic resonance imaging (MRI). 
However, processing these image methods is in a 
clinical setting can be challenging. To facilitate a 
quicker assessment of adipose and skeletal muscle 
tissue distribution, several indicators have been 
developed based on gender, age, waist circumfer-
ence (WC), height, weight and blood lipid levels. 
These indicators include the Chinese visceral adi-
posity index (CVAI),5 lipid accumulation product 
(LAP),6 skeletal muscle mass index (SMI),7 a body 
shape index, body roundness index and conicity 
index. CVAI and LAP, respectively, reflect the vis-
ceral adipose content8 and the degree of abdominal 
lipid accumulation, respectively.6 SMI serves as a 
diagnostic criteriion for sarcopenia7 and is also used 
in the assessment of cachexia,9 reflecting the weight 
and function of muscles throughout the body. 
These indicators can predict the occurrence of met-
abolic syndrome10 and cardiovascular events11,12 in 
the older adults and are also closely related to diabe-
tes occurrence and outcomes.13,14 As the limitations 
of BSA as the sole metric for dose calculation have 
become increasingly apparent,15,16 there is growing 
interest in the role of body composition-particularly 
adipose and skeletal muscle-in oncology. Previous 
studies have shown that variations in adipose and 

skeletal muscle composition are closely linked to the 
tumour prognosis, chemotherapy efficacy and asso-
ciated toxicities.17–19 However, the nature of the 
correlations between these factors remains 
unclear.20,21

Previous studies in DLBCL have predominantly 
focused on lower adipose and skeletal muscle tis-
sue as adverse outcomes and prognosis factors, 
correlating with increased treatment-related 
adverse events.22–24 This association may stem 
from lower levels of adiposity and skeletal muscle 
tissue indicating poorer nutritional status and 
muscle strength, which can negatively impact a 
patient’s physical resilience following chemo-
therapy and subsequently affect prognosis. 
However, no study has yet investigated the asso-
ciation of CVAI, LAP and SMI, which are calcu-
lated by sex, age, WC, height, weight and blood 
lipid levels, with the occurrence of haematologi-
cal toxicity after immunochemotherapy in 
DLBCL patients. This retrospective study aims 
to collect clinical data from patients with DLBCL 
to explore the association of CVAI, LAP and SMI 
with the risk of haematological toxicity following 
immunochemotherapy. Additionally, it will ana-
lyse the relationship of these indices with several 
common haematological adverse events.The 
findings are expected to provide an evidence-
based fountdation for developing strategies to 
reduce immunochemotherapy-related toxicities 
and improve patient survival rates.

Material and methods

Patients
A retrospective study was conducted on patients 
with newly diagnosed DLBCL who received 
R-CHOP therapy – rituximab combined with 
anthracyclines (doxorubicin, pirarubicin, epiru-
bicin), alkaloids (vinorelbine, vincristine), cyclo-
phosphamide and prednisone – at the Second 
Affiliated Hospital of Nanchang University 
between July 2017 and November 2023. All 
patients completed four cycles of immunochemo-
therapy. Patients who met one of the following 
criteria were excluded:

(1)	 Lack of clinical data such as blood lipid 
and imaging at the initial diagnosis;

(2)	 Central nervous system invasion;
(3)	 Eastern Cooperative Oncology Group 

(ECOG) score > Grade 2;
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(4)	 Grade 5 adverse events (death);
(5)	 Combination with pre-existing serious and 

irreversible liver and kidney diseases at the 
initial diagnosis;

(6)	 Second primary tumour and HIV infec-
tion at the initial diagnosis.

Finally, 213 patients were included in the study 
and their medical records were reviewed.

Toxicity grading and follow-up
The toxicity was defined as the occurrence of at 
least one of the most severe post-immunochem-
otherapy toxicities, based on the clinical data of 
the included patients within four cycles of 
standard immunochemotherapy. The haemato-
logical toxicity defined by at least one episode of 
the most severe immunochemotherapy-related 
toxicities. Various toxicities were classified 
according to the National Cancer Institute 
Common Toxicity Criteria for Adverse  
Events (NCI-CTCAE) (Version 5.0). The hae-
matological toxicities included in this study 
were anaemia, leucopenia, neutropenia and 
thrombocytopenia.

Body composition index
Abdominal cross-sectional imaging of CT at ini-
tial diagnosis was processed using ImageJ soft-
ware 1.48v (National Institutes of Health Image 
program) to obtain WC data of the study subjects 
(Figure 1). The following indexes were calculated 
by gender, age, WC, height, weight and blood 
lipid. The calculation formula is as follows:

	
BMI = weight kg height m

2( ) ( )  �
(1)

CVAI(Males)= 267.93 0.68 age 

0.03 BMI 4.00 WC cm

22.00 L

− + ×

+ × + ×

+ ×
( )
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HDL - C mmol / L ,

CVAI Females = 187.32 1.

 ( )

( )

10 −

× 

− +
( )
 771 age 

4.23 BMI 1.12 WC cm

39.76 Log TG 11.66

HDL -

 ( )10

×

+ × + ×

+ × −

×

( )

CC mmol / L( )
�

(2)

Figure 1.  Abdominal cross-sectional imaging of CT at initial diagnosis were processed using ImageJ software. 
(a) and (b) are CT planes and selections for waist circumference measurement in abdominal CT of one patient. 
① and ② define line lengths based on the ruler in the image. ③ Outline the range of waist circumference. 
88.009 in ④ is the length of waist circumference. (c) and (d) are the waist circumference measurement 
procedures of another patient, where 77.612 is the waist circumference length of this patient.
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LAP Males = WC cm 65 TG mmol / L ,

LAP Females = WC cm 58
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Statistical analysis
Our study aimed to examine 9–11 variables 
potentially associated with the occurrence of 
severe haematological toxicity following chemo-
therapy in patients with DLBCL. Based on the 
principle recommended by Peduzzi et al., at least 
10 events per predictor variable are needed to 
achieve reliable regression estimates and avoid 
overfitting.25,26 Accordingly, a minimum sample 
size of approximately 90–110 cases with severe 
hematological toxicity was required. In our study, 
117 patients experienced severe hematological 
toxicity post-chemotherapy, which meets the 
minimum sample size requirement for a robust 
analysis of the selected variables. Statistical analy-
ses were performed using SPSS software version 
27.0 (SPSS, Inc., Chicago, IL, USA) and R sta-
tistical software version 4.2.2 (R Foundation for 
Statistical Computing, Vienna, Austria). The 
‘rms’ package was employed to complete 
restricted cubic splines (RCSs). For data that 
exhibited a normal distribution, results are pre-
sented as mean ± standard deviation (SD). For 
data that did not exhibit a normal distribution, 
the median and interquartile range (IQR) was 
used, while percentages described the categorical 
variables. Continuous variables conforming to a 
normal distribution were reported as means ± SDs, 
while those not normally distributed were 
expressed as medians and IQRs. The chi-square 
test, rank-sum test and t test were employed to 
calculate p values for categorical variables, con-
tinuous variables without normal distribution and 
continuous variables with normal distribution, 
respectively. All participants were classified into 
four groups according to quartiles (Q1–Q4) of 
CVAI, LAP and SMI. A logistic regression model 
was employed to estimate the odds ratio (OR) 

and 95% confidence interval (95% CI) for hae-
matological toxicity, using CVAI, LAP and SMI 
as both categorical variables (quartiles) and con-
tinuous variables (SD increase), respectively.

To evaluate the OR and 95% CI of the occur-
rence of haematological toxicities in relation to 
CVAI, LAP and SMI as continuous (per SD 
increment) or categorical (quartiles) variables, 
three logistic regression models were imple-
mented. Model 1 depicted the crude associations 
between CVAI, LAP, SMI and the occurrence of 
haematological toxicities. Model 2 incorporated 
further adjustments for age, gender, Ann Arbor 
stage and International Prognostic Index (IPI) 
score; Model 3 encompassed adjustments from 
Model 2, along with additional factors such as 
extranodal involvement, lactate dehydrogenase 
(LDH), anthracyclines27 and alkaloids. An 
adjusted RCS analysis was undertaken to investi-
gate potential linear associations and illustrate 
dose–response relationships between CVAI, 
LAP, SMI and haematological toxicities. This 
analysis incorporated three knots at the 10th, 
50th and 90th percentiles of CVAI, LAP and 
SMI. Finally, subgroup and interaction analyses 
to assess the modulation of demographic charac-
teristics and disease stage. These analyses were 
based on gender, age (<60 years old or ⩾60 years 
old), Ann Arbor stage (I/II or III/IV), IPI score 
(0–2 or 3–5), extranodal involvement (0–1 or ⩾2) 
and LDH (<250 or ⩾250). A p value of less than 
0.05 was considered statistically significant. The 
reporting of this study conforms to the STROBE 
statement.28

Results

Baseline characteristics of participants with/
without grades 3–4 haematological toxicity
The baseline characteristics of the study popula-
tion are presented based on the presence or 
absence of grades 3–4 haematological toxicity 
(Table 1). A total of 213 participants were 
enrolled in the study with a median age of 60 years. 
Of those, 106 were male (49.8%), and 107 were 
female (50.2%). Among the participants, 117 
(55%) experienced grades 3–4 haematological 
toxicity, while the remaining 96 (45%) did not. 
The results indicated significant differences in 
gender, LDH levels and BMI. Notably, patients 
with DLBCL who exhibited decreasing baseline 
levels of CVAI, LAP and SMI were found to have 
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Table 1.  Baseline characteristics of participants with/without grades 3–4 haematological toxicity.

Characteristics Total (n = 213) Non-grade 3–4 
haematological 
toxicity (n = 96)

Grade 3–4 
haematological 
toxicity (n = 117)

p

Sex, n (%) 0.047

  Male 106 (49.8) 55 (57.3) 51 (43.6)  

  Female 107 (50.2) 41 (42.7) 66 (56.4)  

Age, n (%) 0.494

  <60 years 101 (47.4) 48 (50) 53 (45.3)  

  ⩾60 years 112 (52.6) 48 (50) 64 (54.7)  

Ann Arbor stage, n (%) 0.610

  Ⅰ/Ⅱ 65 (30.5) 31 (32.3) 34 (29.1)  

  Ⅲ/Ⅳ 148 (69.5) 65 (67.7) 83 (70.9)  

IPI score, n (%) 0.251

  0–2 124 (58.2) 60 (62.5) 64 (54.7)  

  3–5 89 (41.8) 36 (37.5) 53 (45.3)  

Extranodal 
involvement, n (%)

0.343

  0–1 146 (68.5) 69 (71.9) 77 (65.8)  

  ⩾2 67 (31.5) 27 (28.1) 40 (34.2)  

LDH, n (%) 0.044

  <250 117 (54.9) 60 (62.5) 57 (48.7)  

  ⩾250 96 (45.1) 36 (37.5) 60 (51.3)  

GCB, n (%) 0.243

  Yes 71 (33.33) 28 (29.17) 43 (36.75)  

  No 142 (66.67) 68 (70.83) 74 (63.25)  

Prevention with CSF, 
n (%)

0.824

  Yes 181 (84.98) 81 (84.38) 100 (85.47)  

  No 32 (15.02) 15 (15.62) 17 (14.53)  

Anthracyclines, n (%) 0.523

  Doxorubicin 124 (58.2) 52 (54.2) 72 (61.5)  

  Epirubicin 13 (6.1) 7 (7.3) 6 (5.1)  

  Pirarubicin 76 (35.7) 37 (38.5) 39 (33.3)  

(Continued)
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an increased risk of developing grades 3–4 hae-
matological toxicity.

Distribution of CVAI, LAP and SMI in various 
haematological toxicities
Figure 2 shows the distribution of CVAI, LAP 
and SMI across various haematological toxicities. 
When analysed as a continuous variable, there 
was a significant difference in the distribution of 
CVAI between groups with and without severe 
haematological toxicity (p < 0.05; Figure 2(a)).
The distribution of LAP also showed significant 
differences in the presence or absence of severe 
haematological toxicity (p < 0.01), as well as in 
cases of anaemia (p < 0.01), and leucopenia 
(p < 0.05; Figure 2(b)). As can be seen in Figure 
2(c), the difference in the distribution of SMI was 
statistically significant in the presence or absence 
of severe haematological toxicity (p < 0.001), 
anaemia (p < 0.001), leucopenia (p < 0.05) and 
neutropenia (p < 0.01). It shows a preliminary 
correlation between CVAI, LAP and SMI at the 
time of initial diagnosis and severe haematologi-
cal toxicity after chemotherapy.

Association between CVAI, LAP, SMI and grades 
3–4 haematological toxicity
To further explore the association between CVAI, 
LAP and SMI, and grades 3–4 haematological 
toxicities, all participants were classified into four 
groups according to quartiles (Q1–Q4) of CVAI, 
LAP and SMI. In CVAI, Q1 is CVAI ⩽ 72.72; Q2 
is CVAI > 72.72, but ⩽99.52; Q3 is CVAI 
> 99.52, but ⩽121.18; Q4 is CVAI > 121.18. In 
LAP, Q1 is LAP ⩽ 18.15; Q2 is LAP > 18.15, but 
⩽32.84; Q3 is LAP > 32.84, but ⩽53.34; Q4 is 
LAP > 53.34. In SMI, Q1 is SMI ⩽ 5.96; Q2 is 
SMI > 5.96, but ⩽6.63; Q3 is SMI > 6.63, but 
⩽7.54; Q4 is SMI > 7.54. Table 2 highlights the 
correlation between grades 3–4 haematological 
toxicity and the quartiles of CVAI, LAP and SMI. 
The analysis showed a significant reduction in the 
risk of grades 3–4 haematological toxicity with 
higher quartiles of CVAI and LAP, even after 
adjusting for confounding factors such as age, 
gender, Ann Arbor stage, IPI score, extranodal 
involvement, LDH levels, anthracyclines and 
alkaloids. Specifically, the risk of grades 3–4 hae-
matological toxicity in Q4 of CVAI and LAP was 
reduced by 75.1% (OR: 0.249, 95% CI: 

Characteristics Total (n = 213) Non-grade 3–4 
haematological 
toxicity (n = 96)

Grade 3–4 
haematological 
toxicity (n = 117)

p

Alkaloids, n (%) 0.199

  Vinorelbine 199 (93.4) 92 (95.8) 107 (91.5)  

  Vincristine 14 (6.6) 4 (4.2) 10 (8.5)  

BMI, n (%) 0.029

  <18.5 18 (8.5) 4 (4.2) 14 (12)  

  18.5–24 110 (51.6) 46 (47.9) 64 (54.7)  

  ⩾24 85 (39.9) 46 (47.9) 39 (33.3)  

CVAI 99.52 (72.72, 121.18) 101.47(79.08, 127.25) 97.91 (68.19, 117.05) 0.038

LAP 32.84 (18.15, 53.34) 37.00 (21.74, 62.71) 28.55 (15.12, 45.22) 0.003

SMI 6.63 (5.96, 7.54) 7.16 (6.16, 7.85) 6.41 (5.78, 7.33) <0.001

Chi-square test, rank-sum test and t test were used to calculate p values for categorical variables, continuous variables 
without normal distribution and continuous variables with normal distribution, respectively.
BMI, body mass index; CSF, colony-stimulating factor; CVAI, Chinese visceral adiposity index; GCB, germinal centre B-cell 
subtype; IPI, International Prognostic Index; LAP, lipid accumulation product; LDH, lactate dehydrogenase; SMI, skeletal 
muscle mass index.
Bolded p-values indicate p-values less than 0.05.

Table 1.  (Continued)
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Figure 2.  Distribution of CVAI (a), LAP (b) and SMI (c) in the occurrence of whether or not serious haematological toxicities.
*p < 0.05, **p < 0.01, ***p < 0.001.
CVAI, Chinese visceral adiposity index; LAP, lipid accumulation product index; ns, non-significant; SMI, skeletal muscle mass index.

Table 2.  The associations between CVAI, LAP, SMI and grades 3–4 haematological toxicity.

Factors Model 1 p Model 2 p Model 3 p

CVAI per SD increase 0.668 (0.501–0.892) 0.006 0.590 (0.429–0.812) 0.001 0.574 (0.412–0.800) 0.001

Quartiles of CVAI

  Q1 Reference – Reference – Reference –

  Q2 0.402 (0.182–0.887) 0.024 0.338 (0.148–0.769) 0.010 0.320 (0.136–0.752) 0.009

  Q3 0.590 (0.264–1.318) 0.198 0.529 (0.231–1.211) 0.132 0.563 (0.237–1.336) 0.192

  Q4 0.346 (0.156–0.766) 0.009 0.260 (0.110–0.617) 0.002 0.249 (0.102–0.606) 0.002

  p for trend 0.022 0.006 0.007

  LAP per SD increase 0.591 (0.433–0.807) 0.001 0.510 (0.362–0.719) <0.001 0.493 (0.345–0.705) <0.001

Quartiles of LAP

  Q1 Reference – Reference – Reference –

  Q2 0.971 (0.443–2.124) 0.940 0.924 (0.411–2.077) 0.847 0.896 (0.393–2.047) 0.795

  Q3 0.896 (0.411–1.955) 0.783 0.804 (0.359–1.802) 0.597 0.773 (0.337–1.776) 0.544

  Q4 0.303 (0.137–0.668) 0.003 0.231 (0.099–0.539) 0.001 0.227 (0.095–0.542) 0.001

  p for trend 0.001 <0.001 <0.001

  SMI per SD increase 0.587 (0.439–0.786) <0.001 0.437 (0.262–0.729) 0.002 0.382 (0.221–0.658) 0.001

Quartiles of SMI

  Q1 Reference – Reference – Reference –

  Q2 0.762 (0.346–1.678) 0.500 0.760 (0.339–1.703) 0.506 0.734 (0.323–1.669) 0.461

  Q3 0.500 (0.228–1.096) 0.083 0.435 (0.133–1.425) 0.169 0.467 (0.138–1.577) 0.220

  Q4 0.371 (0.170–0.811) 0.013 0.332 (0.090–1.218) 0.096 0.274 (0.071–1.062) 0.061

  p for trend 0.007 0.103 0.057

Model 1 was rough model; Model 2 was adjusted for age, gender, Ann Arbor stage and IPI score; Model 3 was further adjusted for extranodal 
involvement, LDH, anthracyclines and alkaloids.
CVAI, Chinese visceral adiposity index; LAP, lipid accumulation product index; SMI, skeletal muscle mass index.
Bolded p-values indicate p-values less than 0.05.
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0.102–0.606, p = 0.002) and 77.3% (OR: 0.227, 
95% CI: 0.095–0.542, p = 0.001) compared with 
Q1. Furthermore, each SD increase in CVAI 
reduced the risk by 42.6% (OR: 0.574, 95% CI: 
0.412–0.800) in the fully adjusted model (Model 
3), and each SD increase in LAP reduced the risk 
by 50.7% (OR: 0.493, 95% CI: 0.345–0.705). 
For SMI, the risk reduction in Q4 compared to 
Q1 was 62.9% (OR: 0.371, 95% CI: 0.170–0.811) 
with p for trend of 0.007. This association weak-
ened after adjusting for confounders. When 
assessed as a continuous variable, the risk reduc-
tion per SD increase in SMI was 61.8% in Model 
3 (OR: 0.382, 95% CI: 0.221–0.658). Additionally, 
multivariable-adjusted RCS demonstrated a sig-
nificant dose–response relationship between 
CVAI, LAP, SMI and grades 3–4 haematological 
toxicity, with p values for overall significance at 
0.004 and 0.002 for CVAI and SMI, respectively, 
and less than 0.001 for LAP, while the p values for 
non-linearity were 0.576 for CVAI, 0.855 for LAP 
and 0.522 for SMI (a, b, c in Figure 3).

Association between CVAI, LAP, SMI and grades 
3–4 anaemia
In the fully adjusted Model 3, higher quartiles of 
CVAI, LAP and SMI were associated with sig-
nificantly reduced risks of grades 3–4 anaemia in 
Q4, by 71.2%, 78.7% and 91.8%, respectively 
(CVAI: p for trend = 0.012, OR: 0.288, 95% CI: 
0.110–0.758; LAP: p for trend = 0.002, OR: 
0.213, 95% CI: 0.080–0.569; SMI: p for 
trend = 0.001, OR: 0.082, 95% CI: 0.018–
0.381), as depicted in Table 3. Furthermore, 
when analysed as a continuous variable, each 
1.0-SD increase in CVAI, LAP and SMI reduced 
the risk of grades 3–4 anaemia by 37.6% (OR: 
0.624, 95% CI: 0.441–0.882), 45.5% (OR: 
0.546, 95% CI: 0.366–0.815) and 65.7% (OR: 
0.343, 95% CI: 0.192–0.612), respectively.The 
dose–response relationships, illustrated in panels 
Figure 3(d) to (f), show that these associations 
are linear, with CVAI, LAP and SMI each show-
ing significant overall p values of 0.017, 0.008 
and 0.001, respectively, and nonlinearity p values 
of 0.150, 0.583 and 0.380.

Association between CVAI, LAP, SMI and grades 
3–4 leucopenia
In Model 3 (the fully adjusted model), higher 
quartiles of LAP were associated with a signifi-
cantly reduced risk of grades 3–4 leucopenia 

(Table 4). Compared to Q1, Q4 exhibited the 
most pronounced protective effect against grades 
3–4 leucopenia (p for trend = 0.012, OR: 0.383, 
95% CI: 0.153–0.960). Although not statistically 
significant, a similar trend was observed for CVAI 
and SMI in relation to grades 3–4 leucopenia. 
Furthermore, when assessed as continuous varia-
bles, a 1.0-SD increase in LAP was associated 
with a 40.2% decreased risk of grades 3–4 leuco-
penia (OR: 0.598, 95% CI: 0.415–0.860), while a 
1.0-SD increase in SMI was associated with a 
42.8% decreased risk (OR: 0.572, 95% CI: 
0.340–0.962). However, the association between  
CVAI and grade 3–4 leucopenia was not statisti-
cally significant. Multivariable-adjusted RCS 
revealed a significant dose–response relation-
ship between LAP and grades 3–4 haema
tological toxicity (p overall = 0.024, p for 
nonlinear = 0.284; Supplemental Figure S1).

Association between CVAI, LAP, SMI and grade 
3–4 neutropenia
Table 5 presents the correlation between grade 
3–4 neutropenia occurrence and quartiles of 
CVAI, LAP and SMI. After adjusting for con-
founders like age, gender, Ann Arbor stage, IPI 
score, extranodal involvement, LDH, anthracy-
clines and alkaloids, elevated LAP and SMI quar-
tiles were associated with a significantly reduced 
risk of grade 3–4 neutropenia (LAP: p for 
trend = 0.035, OR: 0.417, 95% CI: 0.167–1.043; 
SMI: p for trend = 0.005, OR: 0.116, 95% CI: 
0.025–0.534). As shown in Table 5, when 
assessed continuously, a 1.0-SD increase in LAP 
was associated with a 36.4% decreased risk of 
grade 3–4 neutropenia in Model 3 (OR: 0.636, 
95% CI: 0.440–0.920), while a 1.0-SD increase 
in SMI was associated with a 54.4% decreased 
risk (OR: 0.456, 95% CI: 0.263–0.792). 
Multivariable-adjusted RCS revealed a significant 
dose-response relationship between SMI and 
grade 3–4 neutropenia (p overall = 0.020, p for 
nonlinear = 0.806; Supplemental Figure S2). 
Although not statistically significant, a trend 
between higher LAP, SMI and lower grade 3–4 
neutropenia risk was also observed for CVAI.

Subgroup analyses
The association between CVAI, LAP, SMI and 
risk of grade 3–4 haematological toxicity was fur-
ther assessed in several subgroups. As shown in 
Figure 4, for LAP, although a slight interaction 

https://journals.sagepub.com/home/tah


C Liao, H Lai et al.

journals.sagepub.com/home/tah	 9

Table 3.  The associations between CVAI, LAP, SMI and grades 3–4 anaemia.

Factors Model 1 p Model 2 p Model 3 p

CVAI per SD increase 0.723 (0.536–0.976) 0.034 0.632 (0.453–0.882) 0.007 0.624 (0.441–0.882) 0.008

Quartiles of CVAI

  Q1 Reference – Reference – Reference –

  Q2 0.762 (0.346–1.678) 0.500 0.677 (0.299–1.532) 0.349 0.670 (0.287–1.566) 0.355

  Q3 0.618 (0.274–1.394) 0.246 0.522 (0.223–1.223) 0.134 0.556 (0.229–1.352) 0.196

  Q4 0.435 (0.187–1.014) 0.054 0.308 (0.122–0.780) 0.013 0.288 (0.110–0.758) 0.012

  p for trend 0.046 0.012 0.012

  LAP per SD increase 0.637 (0.446–0.910) 0.013 0.570 (0.389–.835) 0.004 0.546 (0.366–0.815) 0.003

Quartiles of LAP

  Q1 Reference – Reference – Reference –

  Q2 0.636 (0.289–1.402) 0.262 0.610 (0.270–1.380) 0.235 0.594 (0.256–1.375) 0.224

  Q3 0.636 (0.289–1.402) 0.262 0.568 (0.250–1.287) 0.175 0.533 (0.228–1.248) 0.147

  Q4 0.276 (0.112–0.676) 0.005 0.226 (0.088–0.579) 0.002 0.213 (0.080–0.569) 0.002

  p for trend 0.006 0.002 0.002

  SMI per SD increase 0.585 (0.426–0.804) 0.001 0.382 (0.219–0.667) 0.001 0.343 (0.192–0.612) <0.001

Quartiles of SMI

  Q1 Reference – Reference – Reference –

  Q2 0.302 (0.133–0.687) 0.004 0.263 (0.110–0.626) 0.003 0.235 (0.095–0.579) 0.002

  Q3 0.342 (0.152–0.771) 0.010 0.161 (0.041–0.639) 0.009 0.176 (0.044–0.707) 0.014

  Q4 0.238 (0.101–0.556) 0.001 0.105 (0.024–0.467) 0.003 0.082 (0.018–0.381) 0.001

  p for trend 0.002 0.003 0.001

Model 1 was rough model; Model 2 was adjusted for age, gender, Ann Arbor stage and IPI score; Model 3 was further adjusted for extranodal 
involvement, LDH, anthracyclines and alkaloids.
CVAI, Chinese visceral adiposity index; LAP, lipid accumulation product index; SMI, skeletal muscle mass index.
Bolded p-values indicate p-values less than 0.05.

Table 4.  The associations between CVAI, LAP, SMI and grade 3–4 leucopenia.

Factors Model 1 p Model 2 p Model 3 p

CVAI per SD increase 0.826 (0.623–1.095) 0.184 0.811 (0.598–1.102) 0.180 0.829 (0.604–1.138) 0.245

Quartiles of CVAI

  Q1 Reference – Reference – Reference –

  Q2 0.830 (0.384–1.794) 0.636 0.757 (0.344–1.668) 0.490 0.724 (0.320–1.641) 0.440

(Continued)
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Table 4.  (Continued)

(Continued)

Factors Model 1 p Model 2 p Model 3 p

  Q3 0.815 (0.374–1.777) 0.607 0.792 (0.356–1.762) 0.567 0.834 (0.361–1.928) 0.671

  Q4 0.502 (0.224–1.123) 0.093 0.466 (0.196–1.106) 0.083 0.488 (0.202–1.182) 0.112

  p for trend 0.107 0.106 0.149

  LAP per SD increase 0.644 (0.462–0.898) 0.010 0.593 (0.416–0.846) 0.004 0.598 (0.415–0.860) 0.006

Quartiles of LAP

  Q1 Reference – Reference – Reference –

  Q2 1.513 (0.702–3.261) 0.290 1.525 (0.693–3.358) 0.294 1.621 (0.720–3.648) 0.243

  Q3 1.031 (0.475–2.241) 0.938 0.925 (0.417–2.054) 0.849 0.986 (0.432–2.251) 0.973

  Q4 0.412 (0.174–0.973) 0.043 0.365 (0.149–0.892) 0.027 0.383 (0.153–0.960) 0.041

  p for trend 0.016 0.008 0.012

  SMI per SD increase 0.700 (0.524–0.936) 0.016 0.558 (0.337–0.924) 0.023 0.572 (0.340–0.962) 0.035

Quartiles of SMI

  Q1 Reference – Reference – Reference –

  Q2 0.653 (0.302–1.410) 0.278 0.613 (0.276–1.358) 0.227 0.618 (0.274–1.393) 0.246

  Q3 0.523 (0.238–1.150) 0.107 0.388 (0.113–1.330) 0.132 0.455 (0.132–1.576) 0.214

  Q4 0.453 (0.206–1.000) 0.050 0.323 (0.084–1.239) 0.100 0.344 (0.087–1.367) 0.130

  p for trend 0.044 0.105 0.127

Model 1 was the rough model; Model 2 was adjusted for age, gender, Ann Arbor stage and IPI score; Model 3 was further adjusted for extranodal 
involvement, LDH, anthracyclines and alkaloids.
CVAI, Chinese visceral adiposity index; LAP, lipid accumulation product index; SMI, skeletal muscle mass index.
Bolded p-values indicate p-values less than 0.05.

Table 5.  The associations between CVAI, LAP, SMI and grade 3–4 neutropenia.

Factors Model 1 p Model 2 p Model 3 p

CVAI per SD increase 0.798 (0.596–1.068) 0.130 0.734 (0.533–1.011) 0.059 0.724 (0.519–1.010) 0.057

Quartiles of CVAI

  Q1 Reference - Reference - Reference -

  Q2 0.825 (0.373–1.823) 0.634 0.727 (0.322–1.642) 0.443 0.691 (0.293–1.626) 0.397

  Q3 0.874 (0.394–1.938) 0.739 0.799 (0.351–1.819) 0.593 0.790 (0.331–1.885) 0.596

  Q4 0.523 (0.227–1.206) 0.128 0.413 (0.167–1.022) 0.056 0.398 (0.156–1.018) 0.055

  p for trend 0.159 0.079 0.078

  LAP per SD increase 0.717 (0.515–0.998) 0.049 0.650 (0.456–0.927) 0.017 0.636 (0.440–0.920) 0.016
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Factors Model 1 p Model 2 p Model 3 p

Quartiles of LAP

  Q1 Reference – Reference – Reference –

  Q2 1.030 (0.471–2.255) 0.940 1.001 (0.448–2.238) 0.998 1.072 (0.464–2.475) 0.871

  Q3 0.803 (0.361–1.784) 0.590 0.729 (0.321–1.656) 0.450 0.756 (0.321–1.783) 0.523

  Q4 0.498 (0.213–1.162) 0.107 0.426 (0.176–1.031) 0.058 0.417 (0.167–1.043) 0.062

  p for trend 0.075 0.036 0.035

  SMI per SD increase 0.622 (0.457–0.847) 0.003 0.463 (0.272–0.788) 0.005 0.456 (0.263–0.792) 0.005

Quartiles of SMI

  Q1 Reference – Reference – Reference –

  Q2 0.648 (0.299–1.408) 0.273 0.568 (0.253–1.276) 0.171 0.558 (0.242–1.286) 0.171

  Q3 0.427 (0.189–0.964) 0.041 0.197 (0.050–0.766) 0.019 0.244 (0.062–0.957) 0.043

  Q4 0.297 (0.127–0.695) 0.005 0.122 (0.028–0.535) 0.005 0.116 (0.025–0.534) 0.006

  p for trend 0.003 0.006 0.005

Model 1 was the rough model; Model 2 was adjusted for age, gender, Ann Arbor stage and IPI score; Model 3 was further adjusted for extranodal 
involvement, LDH, anthracyclines and alkaloids.
CVAI, Chinese visceral adiposity index; LAP, lipid accumulation product index; SMI, skeletal muscle mass index.
Bolded p-values indicate p-values less than 0.05.

Table 5.  (Continued)

was observed between sex and grade 3–4 haema-
tological toxicity (p for interaction = 0.032), the 
both subgroups showed significant associations 
with grade 3–4 haematological toxicity. The other 
variables did not significantly modify the associa-
tion (all p for interaction >0.05).

Association between CVAI, LAP, SMI and 
thrombocytopenia, any grade 3–4 toxicity
As shown in Supplemental Table S1, CVAI, LAP 
and SMI were not significantly associated with 
grade 3–4 thrombocytopenia in any of the three 
logistic regression models. Any grade 3–4 toxicity 
included both haematological and non-haemato-
logical toxicities (hepatotoxicity, nephrotoxicity 
and pulmonary infections). Supplemental Table 
S2 delineates the correlation between the occur-
rence of any grade 3–4 toxicity and quartiles of 
CVAI, LAP and SMI. After adjusting for con-
founders like age, gender, Ann Arbor stage, IPI 
score, extranodal involvement, LDH, anthracy-
clines and alkaloids, elevated CVAI and LAP 
quartiles were associated with a significantly 

reduced risk of any grade 3–4 toxicity (CVAI: p 
for trend = 0.008, OR: 0.256, 95% CI: 0.102–
0.644; LAP: p for trend <0.001, OR: 0.192, 
95% CI: 0.078–0.471). For SMI, the risk of any 
grade 3–4 toxicity in Q4 was 60.4% lower than 
Q1 before adjusting for confounders (p for 
trend = 0.016, OR: 0.396, 95% CI: 0.181–
0.868), but this association was attenuated after 
adjustment. When assessed as continuous vari-
ables, CVAI, LAP and SMI were statistically 
significantly associated with any grade 3–4 tox-
icity, with or without covariate adjustment.

Discussion
As chemotherapy drugs continue to evolve, 
researchers are increasingly focusing on strategies 
to control the disease while minimizing chemo-
therapy-related toxicity. Previous studies have 
attempted to achieve a balance between disease 
control and minimizing chemotherapy toxicity by 
comparing different chemotherapy regimens, 
adjusting drug doses, reducing chemotherapy 
cycles and so forth.29,30 While reducing the 
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Figure 3.  Restricted cubic spline curves for grade 3–4 haematological toxicity (a–c) and grade 3–4 anaemia(d–
f) by CVAI, LAP and SMI after covariate adjustment. Heavy central line represents the estimated adjusted 
hazard ratio, with shaded ribbons denoting 95% confidence interval. The model is adjusted for age, gender, 
Ann Arbor stage, IPI score, extranodal involvement, LDH, anthracyclines and alkaloids.
CVAI, Chinese visceral adiposity index; IPI, International Prognostic Index; LAP, lipid accumulation product index; LDH, 
lactate dehydrogenase; SMI, skeletal muscle mass index.

dosage of chemotherapy can mitigate the severity 
of haematological toxicity after chemotherapy. 
However, haematological toxicity always accom-
panies chemotherapy and its occurrence fre-
quency hardly decreases even with a reduction in 
chemotherapy dosage.

Our study aims to identify body component 
indexes related to adverse events following chem-
otherapy, providing new insights for mitigating 
the severity of post-chemotherapy toxicity. The 
results indicated that lower CVAI, LAP and SMI 
were significantly associated with an increased 
risk of severe haematological toxicity after adjust-
ing for potential confounders. Furthermore, 
CVAI, LAP and SMI demonstrated consistent 
trends in relation to anaemia, leucopenia and 
neutropenia. For LAP, a slight interaction was 
observed between sex and grade 3–4 

haematological toxicity likely due to differences in 
the occurrence of this toxicity between sexes.

This is the first study to investigate the correlation 
between CVAI, LAP and SMI – calculated by 
sex, age, WC, height, weight and blood lipid lev-
els – in patients with DLBCL undergoing immu-
nochemotherapy. The findings are generally 
consistent with those of previous studies. For 
instance, BMI is a simple indicator of obesity. 
Weiss et al.31 found that patients with high BMI 
had longer overall survival among 183 DLBCL 
patients with subsequent multifactorial Cox anal-
yses indicating that BMI was an independent 
prognostic factor for overall survival. However, 
indicators that assess adipose and skeletal muscle 
provide a more accurate reflection of the distribu-
tion of body composition distribution than BMI 
alone. Studies by Camus et al.22 and Xiao et al.23 
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Figure 4.  Subgroup and interaction analyses of the association between CVAI, LAP and SMI (classified by the 
median) and the risk of grade 3–4 haematological toxicity.
CVAI, Chinese visceral adiposity index; LAP, lipid accumulation product index; SMI, skeletal muscle mass index.

demonstrated that reductions in adipose and skel-
etal muscle not only serve as poor prognostic fac-
tor in DLBCL patients but also increase the risk 
of treatment-related deaths. Guo et al.24 evalu-
ated the impact of diverse body composition 

metrics on the toxicity and prognosis of chemo-
therapy in DLBCL patients undergoing immu-
nochemotherapy. Their findings indicated that 
SMI and skeletal muscle density (SMD), skeletal 
muscle gauge (SMG = SMI × SMD), and lean 
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body mass could predict adverse outcomes and 
prognosis related to chemotherapy in DLBCL. In 
children with lymphoma and rhabdomyosar-
coma, Wadhwa et al.29 observed that children 
with low skeletal muscle density at initial diagno-
sis experienced more severe haematological toxic-
ity. This association may be attributed to 
biodistribution of chemotherapeutic agents based 
on body composition.32 Moreover, studies in 
solid tumours such as breast cancer,33,34 non-
small cell lung cancer,35 gastric cancer18 and colo-
rectal cancer36 have showed that lower adipose 
and skeletal muscle tissue are significantly associ-
ated with severe immunochemotherapy toxicity 
and poor prognosis. These studies agree with our 
conclusion.

However, a small number of studies suggest that 
high visceral adipose tissue may indicate a worse 
chemotherapy outcomes. For example, previous 
research found that a high proportion of visceral 
adipose tissue relative to total adipose tissue is an 
independent adverse prognostic factor in DLBCL 
patients treated with frontline R-CHOP.37 
Cespedes et al. proposed that breast cancer 
patients with larger visceral or intramuscular adi-
pose tissue might experience more severe toxicity 
and leading to dose reduction or delays in chemo-
therapy.17 Conversely, Cefalì et al.36 concluded in 
a cohort of advanced pancreatic cancer patients 
that changes in body composition are unlikely to 
be used to predict gemcitabine-nab-paclitaxel 
toxicity.38 The discrepancies in the results can be 
attributed to the several factors: First, the rela-
tively small number of obese individuals in cancer 
patients may introduce selection bias. Second, 
differences in sample size and statistical methods 
can also lead to variations in study results; 
Sensitivity to changes in body composition indi-
ces may also differ across various cancer and 
chemotherapy regimens. In this study, we 
employed RCS analysis as well as subgroup and 
interaction analyses to enhance the robustness of 
our results. The results still indicated that higher 
CVAI, LAP and SMI were protective factors for 
severe immunochemotherapy toxicity.

Cancers often lead to cachexia – a syndrome 
characterized by functional, metabolic and immu-
nological challenges – as well as treatment-
related toxic effects primarily manifesting as loss 
of skeletal muscle tissue with or without concur-
rent loss of adipose tissue.39,40 Cachexia is one of 

the leading causes of cancer-related death and 
significantly reduces patient survival rates. Its 
development is marked by the activation of multi-
ple cytokines with in the immune system, result-
ing in increased systemic inflammation and 
catabolism that inhibit protein synthesis while 
enhanced muscle catabolism.39,41 The mecha-
nism underlying why patients with lower adipose 
and skeletal muscle tissue experience more severe 
immunochemotherapy toxicity primarily involves 
differences in the distribution and metabolism of 
chemotherapy drugs in patients with different 
adipose and skeletal muscle distribution.22,42,43 
Other contributing factors include the relation-
ship between nutritional status and immunity,39 
as well as individual differences and chemothera-
peutics sensitivity. Based on our findings, we rec-
ommend a comprehensive evaluation of patients 
prior to chemotherapy initiation – this includes 
developing personalized chemotherapy regimens 
and closely monitoring treatment for those with 
low adipose and skeletal muscle tissue at initial 
diagnosis – to reduce the risk of serious immuno-
chemotherapy toxicity and prevent cachexia 
development. Such measures have the potential 
to improve the treatment efficacy and prolong the 
patient survival period.

One limitation of this study is the limited 
research on CVAI, LAP and SMI in cancer con-
texts. Additionally, retrospective analysis intro-
duces inherent bias which represents another 
potential limitation. Thus, further studies are 
needed to validate the utility of CVAI, LAP and 
SMI. Moreover, many patients may use drugs 
such as granulocyte colony-stimulating silver 
factor to prevent immunochemotherapy toxicity 
may lead to a milder manifestation of this toxic-
ity. Another limitation is the small sample size of 
patients with DLBCL, which hindered our abil-
ity to establish a cut-off value for CVAI, LAP 
and SMI. Given the numerous factors influenc-
ing toxic events during chemotherapy for 
DLBCL patients, our current data do not allow 
us to create a nomogram for predicting toxicity 
outcomes. Additionally, since the most severe 
haematological toxicity can occur at any point 
during cycles 1–4 of chemotherapy, we were 
unable to standardize the chemotherapy cycle 
between the two groups. Finally, during data 
collection, we observed that only a small num-
ber of patients with an ECOG score greater 
than 2 were able to tolerate standard 
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chemotherapy beyond four cycles, so we 
excluded this group of patients from our analy-
sis, which narrowed the applicable population of 
our study.

Conclusion
In conclusion, our findings indicate that baseline 
CVAI, LAP and SMI may serve as reliable and 
effective biomarkers for predicting severe haema-
tological toxicity post-chemotherapy in patients 
with DLBCL. We recommend conducting a 
thorough pre-chemotherapy evaluation of 
patients, alongside vigilant monitoring and main-
tenance of relatively high levels of CVAI, LAP 
and SMI to help prevent severe immunochemo-
therapy toxicity. Future studies should focus on 
further elucidating the relationship between body 
composition indices and chemotherapy out-
comes, including their underlying mechanisms 
involved. Moreover, these indices may have the 
potential to replace BSA as the standard for 
chemotherapy dosing, thereby advancing person-
alized approach to the administration of anti-can-
cer drugs.
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