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Abstract: Lipid metabolism is associated with lymphomagenesis and functions as a new therapeutic target in pa-
tients with lymphoma. Several serum lipids and lipoproteins have prognostic value in solid tumors; however, their 
value in diffuse large B-cell lymphoma (DLBCL) has been poorly described. We retrospectively analyzed and com-
pared pre-treatment serum lipid and lipoprotein levels, including triacylglycerol (TG), low-density lipoprotein choles-
terol (LDL-C), high-density lipoprotein cholesterol (HDL-C), apolipoprotein A-I (ApoA-I), and apolipoprotein B (ApoB) 
between 105 DLBCL and 105 controls (no DLBCL). The prognostic significance of serum lipid and lipoprotein levels 
was determined using univariate and multivariate Cox proportional hazards models. The primary outcomes, over-
all survival (OS) and progression-free survival (PFS), were assessed by the Kaplan-Meier method. We combined 
the International Prognostic Index (IPI) with ApoA-I to build a nomogram model (IPI-A) to predict the OS and PFS 
of DLBCL. Serum TG, LDL-C, HDL-C, ApoA-I, and ApoB levels were significantly lower in the DLBCL patients than in 
controls and significantly increased after chemotherapy. Multivariate analyses showed that the ApoA-I level was an 
independent predictor of OS and PFS. In addition, our findings indicated that the prognostic index IPI-A significantly 
improves risk prediction over the traditional IPI score system. ApoA-I is an independent prognostic factor associated 
with poor OS and PFS in DLBCL patients. Our findings suggested that IPI-A is a prognostic index accurately used for 
risk assessment in patients with DLBCL.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) acc- 
ounts for almost 30% of all non-Hodgkin lym-
phomas (NHLs). The International Prognostic 
Index (IPI) has been widely used to predict the 
prognosis of DLBCL since 1993 [1]. However, 
the final survival outcomes differ in patients 
with identical IPI scores. Meaning that the IPI 
scoring system requires improvement. Mole- 
cular features of a lymphoma offer significant 
value in predictive and prognostic measures, 
but they have divergent results between differ-
ent studies and treatment regimens. Various 
factors have a crucial impact on the prognosis 
of lymphoma and are identified as prognostic 
factors.

Over the past decade, unbalanced lipid metab-
olism has been established as an essential 

metabolic phenotype in the development of 
cancer and is suggested to be associated with 
cancer risk [2, 3]. In two population-based 
cohort studies including 27 cancer types in 
116,728 individuals, low levels of high-density 
lipoprotein cholesterol (HDL-C) and/or apolipo-
protein A-I (ApoA-I) were associated with an 
increased risk of several cancers, such as NHL 
and multiple myeloma [4]. Recently, the prolif-
eration and progression of DLBCL cells have 
been recognized to be highly addicted to lipids 
metabolism, independent of their cell of origin 
[5]. One study showed that specific lipid and 
metabolic profiles, such as phosphatidylinositol 
and sphingomyelin fragments, were more com-
mon in resistant DLBCL [6]. Fatty acid synthase 
activity correlated positively with the PI3K-Akt-
mTOR pathway, which can mediate protein syn-
thesis and promote the oncogenic translation 
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of DLBCL [5]. Additionally, the excess fatty 
acids released by DLBCL cells with increased 
lipid metabolism in the microenvironment 
impairs natural killer cell function [7]. In popula-
tion-based studies, statin use was associated 
with a lower risk of NHL [8] and a dose-related 
survival benefit prior to chemo/immunotherapy 
alone for newly diagnosed DLBCL patients [9]. 
Lipid metabolism is correlated to lymphoma-
genesis and is an attractive therapeutic target 
for lymphoma. However, the role of lipids in lym-
phoma development has not been explored in 
detail.

Herein, we conducted a retrospective study  
to examine the effect of serum lipids on the 
prognosis and treatment of DLBCL patients. 
Furthermore, we built a new risk scoring system 
to optimize the risk stratification of patients 

with DLBCL which may assist in future clinical 
trial designs.

Methods

Patients

Between October 2010 and January 2020, 105 
eligible patients (60 men and 45 women; aged 
18-83 years; median age, 57 years) were diag-
nosed with DLBCL at the Second Affiliated 
Hospital of Nanchang University in this retro-
spective study comprised the DLBCL group. 
The cases were defined as DLBCL according  
to the current World Health Organization diag-
nostic criteria. The overall survival (OS) and 
progression-free survival (PFS) times were  
also based on these definitions. In addition, 
105 control participants without DLBCL were 
recruited from the Physical Examination 
Department of the Second Affiliated Hospital of 
Nanchang University as the control group. The 
demographic details of the patients are pre-
sented in Table 1. The last follow-up was per-
formed in October 2021.

All the participants provided written informed 
consent. All the data were obtained following 
the Declaration of Helsinki. The Institute of 
Research Ethics Committee of the Second 
Affiliated Hospital of Nanchang University, 
Jiangxi, China approved this study.

Statistical analysis

We performed all statistical analyses with IBM 
SPSS, version 26.0 (IBM Corp., Armonk, NY, 
USA), GraphPad Prism, version 5.0 (GraphPad 
Software, CA, USA), and the R programming 
language (R Core Team, Vienna, Austria). The 
chi-square test was conducted to compare  
categorical variables, and the Student’s t-test 
was applied to continuous variables. After the 
five kinds of serum lipids were stratified by 
X-tile (Yale University, CT, USA), prognostic effi-
cacy was analyzed using the Kaplan-Meier (KM) 
method (two-sided statistical tests). Univariate 
and multivariate logistic regression analyses 
were assessed to determine whether there 
were any statistical relationships between each 
independent variable and survival. Significant 
variables in the univariate analysis were mea-
sured in the multivariate analysis. The Cox pro-
portional hazards regression model used the 

Table 1. The clinical characteristics of patients 
with DLBCL
Variable Total
Age, y 56.2 ± 14.5
Male, n (%) 60 (57.1)
IPI (> 2), n (%) 28 (26.7)
LDH, > ULN, n (%) 42 (40.0)
Ann Arbor stage III or IV, n (%) 61 (58.1)
ECOG PS (≥ 2), n (%) 7 (6.7)
Extranodal sites (≥ 2), n (%) 15 (14.3%)
B symptom, n (%) 11 (10.5)
Non-GCB, n (%) 69 (66)
Treatment contained R, n (%) 65 (62)
WBC count, 109/L 6.5 ± 3.9
RBC count, 1012/L 4.1 ± 0.6
HGB, g/L 120.1 ± 22.8
PLT count, 109/L 209.0 (167.5-266.0)
TG, mmol/L 1.6 ± 1.0
LDL-C, mmol/L 2.6 ± 0.7
HDL-C, mmol/L 1.0 ± 0.3
ApoA-I, g/L 1.0 ± 0.4
ApoB, g/L 0.8 ± 0.2
Values are mean ± SD, median [IQR] for skewed vari-
ables, or n (%) for categorical variables. Abbreviations: 
ApoA-I, Apolipoprotein A-I; ApoB, Apolipoprotein B; DLBCL, 
Diffuse Large B Cell Lymphoma; ECOG, Eastern Coopera-
tive Oncology Group; GCB, Germinal Center B-cell; HBG, 
Hemoglobin; HDL-C, High-Density Lipoprotein cholesterol; 
IPI, International Prognostic Index; LDH, Lactate Dehydro-
genase; LDL-C, Low-Density Lipoprotein Cholesterol; PLT, 
Platelet; PS, Performance Status; R, Rituximab; RBC, Red 
Blood Cell; TG, triacylglycerol; ULN, Upper Limit of Normal; 
WBC, White Blood Cell.
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hazard ratio (HR) and 95% confidence interval 
(CI) to assess independent risk factors for 
serum lipids. Receiver operating characteristic 
(ROC) curves were performed to compare the 
IPI score and the newly established IPI-ApoA-I 

parison with the lipids at diagnosis. We found a 
significant increase in TG (P < 0.05), LDL-C (P < 
0.05), HDL-C (P < 0.05), ApoA-I (P < 0.05), and 
ApoB (P < 0.05) levels after chemotherapy 
(Figure 2). 

Figure 1. Comparison 
of TG (A), LDL-C (B), 
HDL-C (C), ApoA-I (D), 
ApoB (E) between DLB-
CL patients and healthy 
controls. 

Figure 2. Comparison of 
TG (A), LDL-C (B), HDL-C 
(C), ApoA-I (D), ApoB (E) 
at diagnosis and post-
chemotherapy in pa-
tients with DLBCL. 

(IPI-A) score. Statistical signifi-
cance was set at P < 0.05.

Results

The difference between the 
DLBCL cohort and the con-
trols 

The clinical characteristics 
and laboratory data of the 
105 DLBCL patients are 
shown in Table 1. Of the pati- 
ents, 60 were men (57%), and 
45 were women (43%), with a 
total median age of 57 years 
(range 14-79 years). Of the 
105 patients, 61 (58%) had 
advanced-stage disease (III-
IV). The control group had  
similar age and sex character-
istics. We compared the aver-
age levels of serum lipids of 
participants in the DLBCL 
group with those of the control 
group. Serum lipid levels, 
including triacylglycerol (TG) (P 
< 0.05), low-density lipopro-
tein cholesterol (LDL-C) (P < 
0.05), HDL-C (P < 0.05), ApoA-I 
(P < 0.05), and apolipoprotein 
B (ApoB) (P < 0.05), were sig-
nificantly lower in DLBCL 
patients than in the non-DLB-
CL and age-matched controls 
(Figure 1). 

Post-chemotherapy serum 
lipid fluctuation

To understand the changes in 
lipid levels during treatment, 
we examined the lipid metabo-
lism of patients with DLBCL 
after the fourth or sixth cours-
es of chemotherapy. When  
the course of treatment was 
insufficient, the lipids after  
the last chemotherapy ses-
sion were selected for com-
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Relationship between serum lipid levels and 
curative effect

The relationship between lipids and the treat-
ment’s curative effect in patients with DLBCL 
was further analyzed. Patients with complete 
response (CR) exhibited a significantly higher 
ApoA-I level (P = 0.001) at diagnosis than the 
non-CR group (Table 2; Figure 3). Of the 65 
patients who received rituximab-based chemo-
therapy, 47 (72%) achieved CR and 18 (28%) 
did not. Higher levels of ApoA-I and HDL-C in 
patients with DLBCL were associated with CR 
(HDL-C, P = 0.039; ApoA-I, P = 0.008) (Table 2). 
ApoA-I levels were significantly higher in the CR 
group than the non-CR group, regardless of 
whether the patients received rituximab, show-
ing that ApoA-I is related to therapeutic efficacy 
and has value in predicting efficacy.

concern that these patients with high levels of 
ApoA-I had markedly increased survival, both in 
OS and PFS (P < 0.001; Figure 4B). Patients 
with ApoA-I > 0.81 g/L had a median PFS of 
36.5 months and a median OS of 40.5 months, 
whereas the median PFS and OS were 13 and 
26 months, respectively, for patients with 
ApoA-I ≤ 0.81 g/L. The Cox proportional haz-
ards model for the OS is shown in Table 3. In 
the univariate analysis, age (P = 0.023), Ann 
Arbor stage (P = 0.009), lactate dehydrogenase 
(LDH) (P = 0.026), extranodal sites of disease 
(P = 0.008), TG (P = 0.038), LDL-C (P = 0.007), 
HDL-C (P = 0.012), ApoA-I (P < 0.001), and ApoB 
(P = 0.026) were significantly associated with 
OS. In addition to the known prognostic factors, 
including age, Ann Arbor stage, extranodal sites 
of disease, and LDH, lipids were included in the 
multivariate Cox proportional hazards regres-

Table 2. The values of serum lipid levels at diagnosis in different therapeutic groups

Variable
Contained R (N = 65) Treatments (N = 105)

CR Non-CR P-value CR Non-CR P-value
TG (mmol/L) 1.43 (1.06-2.06) 1.41 (1.16-1.67) 0.714 1.33 (0.97-1.94) 1.30 (1.09-1.59) 0.868
LDL-C (mmol/L) 2.37 (2.14-3.08) 2.40 (2.12-2.81) 0.687 2.59 ± 0.77 2.43 ± 0.56 0.307
HDL-C (mmol/L) 1.02 (0.81-1.19) 0.83 (0.68-1.04) 0.039 1.02 (0.83-1.23) 0.87 (0.67-1.05) 0.053
ApoA-I (g/L) 1.03 (0.82-1.15) 0.76 (0.70-0.88) 0.008 1.03 (0.81-1.19) 0.78 (0.69-0.93) 0.001
ApoB (g/L) 0.81 (0.60-0.92) 0.73 (0.61-0.94) 0.769 0.80 ± 0.22 0.78 ± 0.20 0.746
Values are mean ± SD, median [IQR]. Abbreviations: ApoA-I, Apolipoprotein A-I; ApoB, Apolipoprotein B; CR, Complete Remis-
sion; HDL-C, High-Density Lipoprotein Cholesterol; LDL-C, Low-Density Lipoprotein Cholesterol; TG, triacylglycerol.

Figure 3. Comparison of 
TG (A), LDL-C (B), HDL-C 
(C), ApoA-I (D), ApoB (E) 
in CR and Non-CR in pa-
tients with DLBCL. 

Association between serum 
lipid levels and survival in 
DLBCL cohort

The associations between 
survival and lipid metabolism 
parameters were analyzed. 
The X-tile program was used 
to determine the optimal cut-
off values for TG, LDL-C, HDL-
C, ApoA-I, and ApoB for OS, 
which were 1.43 g/L, 1.74 
mmol/L, 0.61 mmol/L, 0.81 
g/L, and 0.76 g/L, respecti- 
vely (Figures 4A and S1). The 
KM curves revealed that 
patients with DLBCL and high 
levels of TG, LDL-C, HDL-C, 
and ApoB had better OS but 
not PFS (Figure S2) than those 
with low levels of the serum 
lipids. There is a significant 



Apolipoprotein A-I in diffuse large B-cell lymphoma

479 Am J Cancer Res 2023;13(2):475-484

sion analysis. Multivariate analysis showed 
that HDL-C (P = 0.048) and ApoA-I (P = 0.011) 
were independent prognostic factors for 
patients with DLBCL. In the PFS analyses, the 

Ann Arbor stage (P < 0.008), extranodal sites  
of disease (P = 0.01), and ApoA-I levels (P = 
0.001) were detected as statistically significant 
in the univariate analysis. Multivariate analyses 

Figure 4. (A) X-Tile analysis of OS according to ApoA-I. The estimated optimal cut-off point of ApoA-I was 0.81 g/L, 
(B) Survival curves of ApoA-I in patients with DLBCL. The high level of ApoA-I was associated with better OS and PFS 
of DLBCL patients.

Table 3. Univariate and multivariate Cox hazards analysis for OS in DLBCL

Parameters
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value
Age, y ≥ 60 vs < 60 2.67 (1.14, 6.24) 0.023
Sex female vs male 0.67 (0.29, 1.56) 0.351
LDH > ULN vs ≤ ULN 2.72 (1.12, 6.57) 0.026
Ann Arbor stage III or IV vs I or II 3.10 (1.32, 7.27) 0.009
ECOG performance status > 1 vs ≤ 1 2.41 (0.72, 8.09) 0.155
No. of extranodal sites of disease > 1 vs ≤ 1 4.30 (1.47, 12.61) 0.008
B symptom Yes vs No 2.39 (0.81, 7.02) 0.113
GCB Yes vs No 1.19 (0.52, 2.72) 0.679
TG, mmol/L > 1.43 vs ≤ 1.43 0.35 (0.13, 0.94) 0.038 0.41 (0.14, 1.17) 0.096
LDL-C, mmol/L > 1.74 vs ≤ 1.74 0.28 (0.11, 0.71) 0.007 0.25 (0.06, 1.11) 0.068
HDL-C, mmol/L > 0.61 vs ≤ 0.61 0.31 (0.12, 0.77) 0.012 0.29 (0.08, 0.99) 0.048
ApoA-I, g/L > 0.81 vs ≤ 0.81 0.21 (0.09, 0.49) < 0.001 0.25 (0.09, 0.73) 0.011
ApoB, g/L > 0.76 vs ≤ 0.76 0.37 (0.15, 0.88) 0.026 0.44 (0.17, 1.14) 0.090
Abbreviations: ApoA-I, Apolipoprotein A-I; ApoB, Apolipoprotein B; DLBCL, Diffuse Large B Cell Lymphoma; ECOG, Eastern 
Cooperative Oncology Group; GCB, Germinal Center B-cell; HDL-C, High-Density Lipoprotein Cholesterol; LDH, Lactate Dehydro-
genase; LDL-C, Low-Density Lipoprotein Cholesterol; TG, triacylglycerol; ULN, Upper Limit of Normal.
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identified LDL-C (P = 0.006) and ApoA-I (P = 
0.034) as also statistically significant (Table 4). 
The above data suggest that ApoA-I levels act 
as an independent prognostic factor for OS and 
PFS.

The new risk scoring system for patients with 
DLBCL

To optimize the DLBCL risk stratification, a new 
risk score system was explored and establish- 
ed based on the multivariate Cox analysis of OS 
and PFS. ApoA-I was included in the IPI to form 
a new score system, which we named IPI-A. We 
compared our the IPI-A system with the IPI sys-
tem using a ROC curve. Considering the overall 
distribution of the sample’s survival, we evalu-
ated the model’s 1-year, 3-year, and 5-year pre-
dictive effects. The new prognostic index IPI-A 
of OS was more advanced, with an area under 
the curve (AUC) of 0.896 at 1 year, 0.883 at 3 
years, and 0.870 at 5 years (Figure 5A), com-
pared with the IPI of OS with an AUC of 0.868 at 
1 year, 0.833 at 3 years, and 0.826 at 5 years. 
(Figure 5B). In addition, IPI-A exhibited better 
PFS (IPI-A, 1 year: AUC = 0.745, 3 years: AUC = 
0.827, and 5 years: AUC = 0.763; IPI, 1 year: 
AUC = 0.709, 3 years: AUC = 0.808, and 5 
years: AUC = 0.744) (Figure 5C, 5D). We com-
bined the IPI (age, LDH, ECOG Performance 
Status Scale, Ann Arbor stage, and extranodal 
sites of disease) with ApoA-I to construct a 

nomogram model to predict the OS and PFS of 
patients with DLBCL (Figure 6A, 6B). Each fac-
tor had an accompanying score corresponding 
to the points at the top of the nomogram. The 
modeling results were evaluated using a cali-
bration plot in Figure S3. The calibration plot  
for predicting 1-, 3-, 5-year OS and PFS were 
assessed with a bootstrapped sample, which 
showed the relationship between predicted  
risk and observed incidence. The prediction 
close to slope 1 and the intercept close to 0 
indicates a good calibration. Thus our results 
showed that ApoA-I had an impact on survival 
prediction. 

Discussion

Our study is the first to investigate the prognos-
tic value of serum lipids and ApoA-I levels in 
patients with DLBCL. These results suggested 
that IPI-A may be a reliable tool for predicting 
DLBCL patients, and therapeutic strategies tar-
geting ApoA-I might hold promise for improving 
DLBCL treatment.

Serum lipid levels are demonstrated to be 
associated with certain metabolic states and 
multiple disorders, such as advanced cancer 
[10, 11]. Lipids analysis is a promising direction 
in pathogenesis, mechanisms and clinical 
treatment of tumors [12, 13]. ApoA-I, the main 
component of HDL produced in the liver [14], 

Table 4. Univariate and multivariate Cox hazards analysis for PFS in DLBCL

Parameters
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value
Age, y ≥ 60 vs < 60 1.07 (0.57, 2.01) 0.831
Sex female vs male 1.08 (0.58, 2.01) 0.818
LDH > ULN vs ≤ ULN 1.64 (0.88, 3.05) 0.120
Ann Arbor stage III or IV vs I or II 2.63 (1.28, 5.40) 0.008
ECOG performance status > 1 vs ≤ 1 2.39 (0.85, 6.76) 0.100
No. of extranodal sites of disease > 1 vs ≤ 1 2.60 (1.25, 5.37) 0.010
B symptom Yes vs No 1.33 (0.47, 3.74) 0.593
GCB Yes vs No 0.65 (0.32, 1.32) 0.232
TG, mmol/L > 1.43 vs ≤ 1.43 0.92 (0.49, 1.74) 0.805 0.81 (0.40, 1.62) 0.550
LDL-C, mmol/L > 1.74 vs ≤ 1.74 0.51 (0.21, 1.21) 0.126 0.18 (0.05, 0.60) 0.006
HDL-C, mmol/L > 0.61 vs ≤ 0.61 0.48 (0.20, 1.15) 0.101 0.51 (0.18, 1.47) 0.211
ApoA-I, g/L > 0.81 vs ≤ 0.81 0.33 (0.18, 0.62) 0.001 0.42 (0.19, 0.94) 0.034
ApoB, g/L > 0.76 vs ≤ 0.76 0.59 (0.31, 1.11) 0.102 0.56 (0.27, 1.15) 0.112
Abbreviations: ApoA-I, Apolipoprotein A-I; ApoB, Apolipoprotein B; DLBCL, Diffuse Large B Cell Lymphoma; ECOG, Eastern 
Cooperative Oncology Group; GCB, Germinal Center B-cell; HDL-C, High-Density Lipoprotein Cholesterol; LDH, Lactate Dehydro-
genase; LDL-C, Low-Density Lipoprotein Cholesterol; TG, triacylglycerol; ULN, Upper Limit of Normal.



Apolipoprotein A-I in diffuse large B-cell lymphoma

481 Am J Cancer Res 2023;13(2):475-484

plays several well-documented cardioprotec-
tive functions and anti-tumorigenic activities 
[15]. Besides mediating cholesterol trafficking, 
it is involved in the innate humoral immune 

response and has anti-inflammatory potential 
as well as anti-oxidant capacity [16]. Several 
studies reported that alterations in ApoA-I can 
have a wide variety of effects in many kinds of 

Figure 5. ROC curves and AUC values. (A, B) Construction and evaluation of the IPI-A (A) and IPI (B) of OS with each 
AUC of the 1-, 3- and 5-year predictive effect above. (C, D) The AUC values of ROC predicted 1-, 3- and 5-year PFS 
rates of IPI-A (C) and IPI (D) indexes. 

Figure 6. Construction of nomogram model. A. Nomogram predicting 1-, 3- and 5-year OS for patients with IPI-A. 
B. Nomogram predicting 1-, 3- and 5-year PFS for patients with IPI-A. The nomogram was applied by adding up the 
points identified on the points scale for each variable to a total points amount. Finally, beneath the total points, the 
probability of 1-, 3- or 5-year survival was projected on the bottom scales. 
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tumors [17, 18] and that serum ApoA-I levels 
may be a potential clinical prognostic marker 
[19, 20]. Zamanian-Daryoush et al. [21] demon-
strated that the pharmacological delivery of 
ApoA-I was usually functional in terms of reduc-
ing tumor burden and retarding metastasis  
in preclinical studies. A retrospective study 
showed that ApoA has prognostic value and is  
a potential therapy for patients with chronic 
lymphocytic leukemia [22]. There have been no 
studies regarding ApoA-I on DLBCL. Our study 
found that patients with low ApoA-I more likely 
to present with stage III or IV disease and extra-
nodal sites (Table S1). The low levels of ApoA-I 
were significantly associated with more severe 
clinical presentation and worse PFS and OS in 
DLBCL patients. Furthermore, patients who 
achieved CR after chemotherapy were signifi-
cantly associated with higher ApoA-I levels. Our 
study showed that ApoA-I plays an essential 
role in DLBCL. 

Imbalance in cholesterol metabolism and 
homeostasis, resulting in reduced cholesterol 
efflux from the tumor cells and increased cho-
lesterol influx into the tumor cells, is a hallmark 
characteristic of cancer with lipid metabolism 
dependence. Several possible mechanisms 
could underly the part of ApoA-I in inhibiting 
tumor progression. First, ApoA-I may partici-
pate in tumor development by regulating lipid 
metabolism [23]. Second, decreased ApoA-I 
can lead to extravasation of cholesterol efflux 
[24] and monocyte subsets [25, 26]. The for-
mer may induce the binding of macrophages 
and phospholipids, which play an anti-inflam-
matory role in the tumor microenvironment  
[26, 27]. ApoA-I binds lysophosphatidic acid 
(LPA), an activator of tumor proliferation, which 
can inhibit LPA-induced tumor formation [18]. 
Conversely, the inflammatory response reduc-
es ApoA-I synthesis and secretion, and low 
serum ApoA-I concentration indirectly causes 
increased cytokine production and induces a 
robust immune response [14, 27]. Supple- 
mentation with ApoA-I mimetics weakens the 
pro-inflammatory effects of endotoxins (lipo-
polysaccharides), cyclooxygenase 2, and the 
production of bioactive lipids [28]. Third, ApoA-I 
may suppress granulocytic polymorphonuclear 
neutrophils (PMN) myeloid-derived suppressor 
cell (MDSC) differentiation and inhibit the accu-
mulation of PMN-MDSCs in tumor tissue. ApoA-I 
weakens the immunosuppressive function of 

MDSCs and regulates the transcription 3 sig-
naling pathway in PMN-MDSCs [29]. Mangaraj 
et al. [30] reported that low ApoA-I concentra-
tions were found in acute lymphoblastic leuke-
mia with more pro-inflammatory and pro-angio-
genic activity. Our study’s findings showed a 
statistical difference in ApoA-I levels between 
pre-therapy and post-therapy, which supports 
previous research. Thus, ApoA-I may be a 
potential therapy for DLBCL and may improve 
therapeutic efficacy. The suppressive effect 
and mechanism of ApoA-I in DLBCL deserve 
further study.

For the past 30 years, the IPI remains the most 
powerful tool for risk stratification, assisting 
treatment regimen selection, and predicting 
the prognosis of DLBCL patients [31]. Patients 
with the same IPI score may respond differently 
to treatments and have different survival out-
comes. Most importantly, the IPI cannot be 
used to identify patients at very high risk or dis-
cern biological heterogeneity [32]. The IPI was 
incorporated into our nomogram developed  
for predicting survival. Integrating the assess-
ment of IPI-A might markedly improve the pre-
dictive power of IPI in patients with DLBCL. Our 
results showed that the IPI-A prediction model 
had a better clinical application value than the 
traditional IPI for survival rates. No statistically 
significant difference was observed between 
the IPI-A and IPI groups, which may be related 
to a limited DLBCL sample size. Our findings 
indicated that a convenient serological indica-
tor (i.e., ApoA-I) incorporated into the IPI score 
seems more precise than the traditional IPI 
score in predicting OS and PFS. Thus, serum 
lipid markers could be applied for therapeutic 
monitoring and prognostic prediction in DLBCL 
patients.

Although these results suggested that ApoA-I  
is an independent predictor of outcomes and 
that the IPI-A score might be valuable for clini-
cians in treatment strategy selection and prog-
nosis prediction for DLBCL, our studies also 
suffer from some limitations. First, a retrospec-
tive study has intrinsic limitations and biases in 
data collection. Secondly, the database used 
for training came from a single cancer center 
which could limit the generalizability of our 
study. Large-scale, multicenter randomized 
controlled studies are warranted to validate the 
causality and the prediction value. 
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Our study demonstrated that ApoA-I functions 
as an independent prognostic factor in DLBCL 
patients undergoing first-line therapy. We also 
introduced ApoA-I as a novel prognostic index 
to establish the IPI-A for risk prediction in 
DLBCL. Our results have a valuable under-
standing of DLBCL pathogenesis and far-reach-
ing implications in clinical practice.
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Figure S1. X-Tile analysis of OS according to TG, LDL, HDL and ApoB. A. The estimated optimal cut-off point of TG was 
1.43 g/L; B. LDL was 1.74 mmol/L; C. HDL was 0.61 mmol/L; D. ApoB was 0.76 g/L. Abbreviation: TG, triacylglycerol; 
LDL-C, Low-density Lipoprotein Cholesterol; HDL-C, High-Density Lipoprotein Cholesterol; ApoA-I, Apolipoprotein A-I; 
ApoB, Apolipoprotein B.
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Figure S2. Kaplan-Meier curves for OS by TG levels (A), OS by LDL levels (B), OS by HDL levels (C), OS by ApoB 
levels (D), PFS by TG levels (E), PFS by LDL levels (F), PFS by HDL levels (G), PFS by ApoB levels (H). Abbreviation: 
TG, triacylglycerol; LDL-C, Low-Density Lipoprotein Cholesterol; HDL-C, High-Density Lipoprotein Cholesterol; ApoB, 
Apolipoprotein B.
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Figure S3. A. Calibration curve of IPI-A model in OS; B. Calibration curve of IPI-A model in PFS. 

Table S1. The Ann Arbor stage and Extranodal sites of patients with different ApoA-I levels
Variable ApoA-I ≤ 0.81 ApoA-I > 0.81 P-value
Ann Arbor stage III or IV, n (%) 28 (75.5) 33 (48.8) 0.007
Extranodal sites (≥ 2) 9 (24.3) 6 (8.8) 0.03


