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Introduction: Little is known about the first line induction chemotherapy cycles

for HIV-associated diffuse large B-cell lymphoma (DLBCL) as these are less

common than HIV-negative lymphoma. Currently, the optimal treatment cycles

option remains undefined. Therefore, we performed a multi-center study to

analyze the clinical characteristics and outcomes of HIV-associated DLBCL

patients in different treatment modes in China.

Methods: Totally 273 newly diagnosed HIV-associated DLBCL patients at eleven

large academic centers from October 2008 to October 2021, were analyzed.

Results: In the entire cohort, the median age was 47 years (range, 21-90) at

lymphoma diagnosis, and 223 patients were male (81.7%). One hundred and

ninety-four (71.1%) patients were germinal center B-cell-like lymphoma (GCB)

subtype. Most patients (65.2%, 178/273) had elevated lactate dehydrogenase

(LDH), and advanced Ann Arbor stage (78.9% 213/273) at diagnosis. High

international prognostic index (IPI) score (3-5) at diagnosis was found in 65.2%

(178/273) of patients. One hundred and fifty-five patients (56.8%) had extranodal

involvement. The median CD4 cell count was 168/ml (range, 2-1067), of whom
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174 (63.7%) had a CD4 cell count below 200/ml. The median follow‐up of our

cohort was 10.1 (0.1-160) months. The overall 2-year OS rates 58.0%. Median OS

times in the 0, 1-3, 4-6, and >6 cycles chemotherapy cohort were 7.1 months,

20.0 months, not reached, and not reached, respectively (Hazard Ratio (HR)

=0.549, 95% Confidence interval (CI) 0.451-0.667; p<0.001). Cox multivariate

analysis showed that age ≥60 (HR=2.207, 95%CI 1.321-3.690; p=0.003), high IPI

score (3-5) (HR=2.926, 95% CI 1.716-4.988; p<0.001), B symptoms (HR=1.928,

95%CI 1.192-3.119; p=0.007), elevated LDH (HR=1.696, 95%CI 1.031-2.791;

p=0.038) and received less than 4 cycles chemotherapy (HR=0.520, 95%CI

0.424-0.637; p<0.001) were independent risk factor for adverse prognosis

based on overall survival (OS).

Discussion: These results demonstrated that 4-6 cycles chemotherapy were

significantly associated with improved outcomes in HIV-associated DLBCL

patients. However, >6 cycles chemotherapy did not further improve the

survival of patients.
KEYWORDS
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Introduction

Human immunodeficiency virus (HIV)-associated lymphoma

is a rare aggressive non-Hodgkin lymphoma. The incidence rate

reported in 2017 was 100/100, 000 to 300/100,000 in population

infected with HIV, becoming the highest incidence rate among

HIV-associated cancers in the United States (1, 2). Diffuse large B-

cell lymphoma (DLBCL) is the most common subtypes of HIV-

associated lymphoma (3).

Median survival times only 5 to 8 months prior to the advent of

combination antiretroviral therapy (cART), regardless of

chemotherapy regimen or dose intensity for HIV-associated

DLBCL patients. This is because patients are easily complicated

by opportunistic infections, resulting in an increase in mortality (4,

5). With the wide application of cART, the HIV viral loads

maintained good control and CD4 cell counts remain at a high

level in HIV-associated DLBCL patients. So, these patients are no

longer associated with severe infections. At the same time, these

patients can receive dose intensity chemotherapy. Since the

introduction of cART combined with intensity chemotherapy,

studies have suggested that the overall outcome of patients with

HIV-associated DLBCL has significantly improved over the past

decades (6, 7).

In our previous single-center retrospective study included 86

HIV-associated aggressive B-cell non-Hodgkin’s lymphoma

patients, of which 63 were HIV-associated DLBCL from July 2008

to August 2021. 22 patients (25.6%) received no anti-lymphoma

chemotherapy because of fear of discrimination and poor financial

situation. Median survival times in the patients who no received any

anti-lymphoma chemotherapy was only 3.5 months, which was

significantly lower than that of patients receiving chemotherapy

(p<0.001) (8).
02
The optimal treatment cycles option of first line induction

chemotherapy for HIV-associated DLBCL remains undefined (1).

In view of the particularity of the patient population, it is difficult to

accept long-term hospitalization chemotherapy, whether there is an

appropriate reduction in the number of chemotherapy cycles, the

survival of patients will not be affected? In this study, we aimed to

report the real-world survival of HIV-associated DLBCL based on

chemotherapy cycles at eleven large academic centers, as the largest

cohort reported in China to date.
Patients and methods

Patients

All consecutiveHIV-infected patients diagnosedwithDLBCL between

July 2008 and October 2021 were reviewed from eleven academic medical

centers in China. This study was approved by each center’s Institutional

Review Board and conducted according to the Declaration of Helsinki

prior to data collection and sharing. The diagnosis was based on 2008

World Health Organization (WHO) classification criteria.
Treatment and supportive care

cART included two nucleoside reverse transcriptase inhibitors

and one nonnucleoside reverse transcriptase inhibitor. The

chemotherapy cohort included patients who received any of the

following regimens: etoposide, doxorubicin, vincristine,

cyclophosphamide and prednisone (EPOCH); rituximab,

etoposide, doxorubicin, vincristine, cyclophosphamide and

prednisone (R-EPOCH).
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Response assessment

18F-fluorodexyglucose positron emission tomography/

computed tomography (PET/CT) or computed tomography (CT)

were performed for radiological evaluation. Responses were

classified according to standard criteria per each institution,

typically aligning with Lugano criteria, which including complete

response (CR), partial response (PR), stable disease (SD) and

progressive disease (PD).
Statistical analysis

Progression-free survival (PFS) was defined as the time

from lymphoma diagnosis to disease progression, relapse or death

from any cause. Overall survival (OS) was defined as the time from

lymphoma diagnosis to last follow-up or death from any cause.

Survival was estimated using Kaplan–Meier curves and compared

by the log-rank test. The Cox proportional hazards regression

model was used in multivariate analysis to determine prognostic

factors. All statistical tests were two‐sided, and p ≤ 0.05 was

considered statistically significant. All statistical data were

analyzed with GraphPad Prism 9.
Results

Patient characteristics

Two hundred and seventy-three newly diagnosed HIV-

associated DLBCL were included in this study. The median age

was 47 years (range, 21-90) at lymphoma diagnosis, and 223

patients were male (81.7%). One hundred and ninety-four

(71.1%) patients were germinal center B-cell-like lymphoma

(GCB) subtype. Most patients (65.2%, 178/273) had elevated

lactate dehydrogenase (LDH), (83.5%, 228/273) elevated serum

b2-microglobulin (b2-MG), and advanced Ann Arbor stage

(78.9% 213/273) at diagnosis. High international prognostic index

(IPI) score (3-5) at diagnosis was found in 65.2% (178/273) of

patients. One hundred and fifty-five patients (56.8%) had

extranodal involvement. Totally 53(19.4%) patients had bone

marrow involvement, 24(8.8%) patients had central nervous

system (CNS) involvement, 64 (23.4%) had poor Eastern

Cooperative Oncology Group performance status (ECOG PS 2-4),

and 150 (54.9%) had B symptoms at diagnosis. The median CD4

cell count at diagnosis was 168/ml (range, 2-1067), of whom 174

(63.7%) had a CD4 cell count below 200/ml at diagnosis. Among the

Epstein-Barr virus (EBV) status, EBV load was elevated (5×103

copies/ml) in 104 (38.1%) patients. Of all patients, 37(13.6%) had

positive HBsAg and 7(2.6%) were positive for anti-Hepatitis C virus

(HCV) antibody.

Patients were stratified based on the induction chemotherapy,

where 38/273 (13.9%), 71/273 (26.0%), 73/273 (26.7%), and 91/273

(33.3%) were in the 0, 1-3, 4-6, and >6 cycles chemotherapy cohort,

respectively. In the study, some patients received no anti-lymphoma
Frontiers in Immunology 03
therapy because of fear of discrimination and poor financial

situation, some patients had less than four cycles of anti-

lymphoma therapy also due to poor financial situation. This is

because Central and Western China AIDS Lymphoma League

(CALL) is located in southwest China, and the economic level of

the patients is low. Patient characteristics were similar between the

four cohorts, including gender, age, residence, educational level,

HIV transmission route, cART therapy, years of HIV infection

before lymphoma, ECOG-PS, the presence of B symptoms, elevated

serum LDH, elevated serum b2-MG, Ann Arbor stage, IPI score,

extra-nodal involvement, bone marrow involvement, CNS

involvement, CD4 cell count, and chemotherapy regimen. The 0

cycle chemotherapy cohort featured more cases of GCB (94.7% vs

64.8% vs 68.5% vs 68.1, 0 vs 1-3 vs 4-6 vs >6, respectively, p=0.006).

Baseline clinical characteristics are summarized in Table 1.

Treatment cohorts were evenly balanced for demographics and

disease characteristics, though the 0 cycle chemotherapy group had

a higher GCB patients compared to the other cohorts (Table 1). In

this study, there was no patient with primary HIV-associated CNS

lymphoma. There was no patient along with CNS disease present at

diagnosis. All 24 patients routinely administered CNS prophylaxis

by intrathecal methotrexate, cytarabine and dexamethasone. A total

of 20 secondary HIV-associated CNS lymphoma patients, who all

had more than two extranodal sites, all died within 24 months after

lymphoma diagnosis. These findings suggested very poor survival in

secondary HIV-associated CNS lymphoma.
Treatment efficacy

In this cohort study, the median chemotherapy cycles were 4

(range, 0-19), 38 (13.9%) received no anti-lymphoma therapy, 71

(26.0%) had less than four cycles of chemotherapy, 73

(26.7%) patients received four to six cycles of chemotherapy, and

91 (33.3%) patients received more than six cycles of chemotherapy.

Of the 235 patients who received chemotherapy, 80 (34.0%)

received EPOCH regimen and 155 (66.0%) received R-EPOCH

regimen. 239 (87.5%) were administered cART. Totally 209 patients

were evaluated for best treatment response at the end of treatment,

including 65 patients who received EPOCH and 144 patients who

received R-EPOCH. The results indicated an overall response rate

(ORR) of 63.1% and 80.6%, respectively.CR rate were 23.1% and

42.4%, respectively (Table 2).
Chemotherapy cycles and patient outcome

The median follow‐up of our cohort was 10.1 (0.1-160) months.

Median PFS and OS were 17 months and 38.1 months respectively.

The overall 2-year PFS and OS rates were 46.8% and 58.0%,

respectively (Figures 1A, B) . Median PFS times in the 0, 1-3, 4-6,

and >6 cycles chemotherapy cohort were 7.1 months, 10.1 months,

36.5 months, and 26.4 months, respectively (Hazard Ratio

(HR)=0.713, 95% Confidence interval (CI) 0.600-0.847; p<0.001)

(Figure 1C). Median OS times were 7.1 months, 20.0 months, not
frontiersin.org
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TABLE 1 Baseline clinical characteristics of patients.

Baseline characteristics Total n=273(%) Chemotherapy cycles p

0 (n=38) 1-3 (n=71) 4-6 (n=73) >6 (n=91)

Gender 0.095

Male 223 (81.7) 35 (92.1) 61 (85.9) 53 (72.6) 74 (81.3)

Female 50 (18.3) 3 (7.9) 10 (14.1) 20 (27.4) 17 (18.7)

Age, y 0.067

Median(range) 47 (21-90) 43 (21-79) 49 (21-90) 47 (23-70) 47 (22-71)

<60 198 (72.5) 32 (84.2) 54 (76.1) 63 (86.3) 84 (92.3)

≥60 75 (27.5) 6 (15.8) 17 (23.9) 10 (13.7) 7 (7.7)

Residence 0.692

City/town 128 (46.9) 18 (47.4) 29 (40.8) 36 (49.3) 45 (49.5)

Village 145 (53.1) 20 (52.6) 42 (59.2) 37 (50.7) 46 (50.5)

Educational level 0.996

None or primary only 93 (34.1) 12 (31.6) 25 (35.2) 23 (31.5) 33 (36.3)

Secondary education 119 (43.6) 17 (44.7) 30 (42.3) 33 (45.2) 39 (42.9)

Tertiary education 61 (22.3) 9 (23.7) 16 (22.5) 17 (23.3) 19 (20.9)

HIV transmission route 0.116

Heterosexual 85 (31.1) 12 (31.6) 25 (35.2) 28 (38.4) 20 (22.0)

Homosexual 131 (48.0) 20 (52.6) 30 (42.3) 26 (35.6) 55 (60.4)

Intravenous drug use 30 (11.0) 3 (7.9) 7 (9.9) 9 (12.3) 11 (12.1)

Others 27 (9.9) 3 (7.9) 9 (12.7) 10 (13.7) 5 (5.5)

ART therapy 239(87.5) 32 (84.2) 62 (87.3) 64 (87.7) 81 (89.0) 0.903

Years of HIV infection before lymphoma 0.198

Concurrent 88 (32.2) 15 (39.5) 21 (29.6) 18 (24.7) 34 (37.4)

<3 115 (42.1) 18 (47.4) 32 (45.1) 35 (47.9) 30 (33.0)

≥3 70(25.6) 5 (13.2) 18 (25.4) 20 (27.4) 27 (29.7)

ECOG-PS 0.992

0-1 209 (76.6) 29 (76.3) 55 (77.5) 55 (75.3) 70 (76.9)

2-4 64 (23.4) 9 (23.7) 16 (22.5) 18 (24.7) 21 (23.1)

Cell-of-origin subtype 0.006

GCB 194 (71.1) 36 (94.7) 46 (64.8) 50 (68.5) 62 (68.1)

non-GCB 79 (28.9) 2 (5.3) 25 (35.2) 23 (31.5) 29 (31.9)

B symptoms 150 (54.9) 27 (71.1) 37 (52.1) 40 (54.8) 46 (50.5) 0.177

Elevated LDH 178 (65.2) 26 (68.4) 49 (69.0) 45 (61.6) 58 (63.7) 0.772

≥3 upper limit of normal 51 (18.7) 9 (23.7) 13 (18.3) 13 (17.8) 16 (17.6)

Elevated b2-MG 228 (83.5) 30 (78.9) 61 (85.9) 60 (82.2) 77 (84.6) 0.796

Ann Arbor stage 0.108

I/II 60 (21.9) 6 (15.8) 19 (26.8) 21 (28.8) 14 (15.4)

III/IV 213 (78.9) 32 (84.2) 52 (73.2) 52 (71.2) 77 (84.6)

IPI 0.979

(Continued)
F
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reached, and not reached, respectively (HR=0.549, 95% CI 0.451-

0.667; p<0.001) (Figure 1D). These results demonstrated that 4-6

cycles chemotherapy were significantly associated with improved

outcomes in HIV-associated DLBCL patients. However, >6 cycles

chemotherapy did not further improve the survival of patients.
Frontiers in Immunology 05
Rituximab administration and outcomes

Median PFS times in the no received rituximab and received

rituximab groups were 16 months and not reached. The overall 2-

year PFS rates were 41.0% and 53.0%, respectively (p=0.049)
TABLE 1 Continued

Baseline characteristics Total n=273(%) Chemotherapy cycles p

0 (n=38) 1-3 (n=71) 4-6 (n=73) >6 (n=91)

0-1 17 (6.2) 2 (5.3) 3 (4.2) 7 (9.6) 5 (5.5)

2 78 (28.6) 10 (26.3) 21 (29.6) 22 (30.1) 25 (27.5)

3 87 (31.9) 12 (31.6) 24 (33.8) 21 (28.8) 30 (33.0)

4-5 91 (33.3) 14 (36.8) 23 (32.4) 23 (31.5) 31 (34.1)

Extra-nodal 155 (56.8) 24 (63.2) 39 (54.9) 47 (64.4) 45 (49.5) 0.218

Bone marrow involvement 53 (19.4) 7 (18.4) 14 (19.7) 15 (20.5) 17 (18.7) 0.989

CNS involvement 24 (8.8) 3 (7.9) 7 (9.9) 7 (9.6) 7 (7.7) 0.953

Bulky tumor(≥7.5cm) 81 (29.7) 13 (34.2) 24 (33.8) 25 (34.2) 19 (20.9) 0.167

CD4 cell count (/ml) 0.383

Median (Range) 168 (2-1067) 120 (3-526) 169 (2-1067) 175 (12-900) 171 (5-1022)

<50 45 (16.5) 11 (28.9) 13 (18.3) 9 (12.3) 12 (13.2)

50-199 129 (47.3) 16 (42.1) 35 (49.3) 36 (49.3) 42 (46.2)

≥200 99 (36.3) 11 (28.9) 23 (32.4) 28 (38.4) 37 (40.7)

EBV(copies/ml) 0.539

<5×103 169 (61.9) 25 (65.8) 46 (64.8) 40 (54.8) 58 (63.7)

≥5×103 104 (38.1) 13 (34.2) 25 (35.2) 33 (45.2) 33 (36.3)

HBV positive 37 (13.6) 4 (10.5) 10 (14.1) 8 (11.0) 15 (16.5) 0.705

HCV positive 7 (2.6) 1 (2.6) 2 (2.8) 3 (4.1) 1 (1.1) 0.673

Chemotherapy regimen 0.202

EPOCH 80/235 (34.0) 0 24 (33.8) 25 (34.2) 21 (23.1)

R-EPOCH 155/235 (66.0) 0 47 (66.2) 48 (65.8) 70 (76.9)
frontier
TABLE 2 Response evaluation following chemotherapy in patients.

Chemotherapy regimen

EPOCH R-EPOCH

Able to evaluate N=65 (%) N=144 (%)

Overall response rate (ORR) 41 (63.1) 116 (80.6)

Complete response (CR) 15 (23.1) 61 (42.4)

Partial response (PR) 26 (40.0) 55 (38.2)

Stable disease (SD) 14 (21.5) 10 (6.9)

Progressive disease (PD) 10 (15.4) 18 (12.5)

Unable to evaluate N=15 N=11

Ongoing treatment 15 11
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(Figure 1E). Median OS times were 27.7 months and not reached.

The overall 2-year OS rates were 52.6% and 68.5%, respectively

(p=0.048) (Figure 1F). These data suggested that rituximab

administration was significantly associated with improved outcomes.
Prognostic factors

Univariate analysis showed that advanced stage (HR=2.172, 95%

CI 1.243-3.797; p=0.006), high IPI score (3-5) (HR=2.452, 95% CI

1.607-3.742; p<0.001), B symptoms (HR=2.228, 95%CI 1.500-3.311;

p<0.001), poor ECOG-PS (HR=1.990, 95%CI 1.357-2.919; p<0.001),

elevated LDH (HR=1.704, 95%CI 1.145-2.535; p<0.001), Extra-nodal

involvement (HR=1.478, 95%CI 1.013-2.155; p=0.043) and received

less than 4 cycles chemotherapy (HR=0.713, 95%CI 0.600-0.847;

p<0.001) were predictive of worse PFS. Age ≥60 (HR=2.346, 95%CI

1.420-3.875; p=0.001), high IPI score (3-5) (HR=2.960, 95% CI 1.774-

4.939; p<0.001), B symptoms (HR=2.457, 95%CI 1.535-3.932;

p<0.001), elevated LDH (HR=2.022, 95%CI 1.254-3.260; p=0.004)
Frontiers in Immunology 06
and received less than 4 cycles chemotherapy (HR=0.713, 95%CI

0.549-0.667; p<0.001) were predictive of worse OS.

Cox multivariate analysis showed that high IPI score (3-5)

(HR=1.996, 95% CI 1.225-3.253; p=0.006), B symptoms (HR=1.623,

95%CI 1.077-2.448; p=0.021) and received less than 4 cycles

chemotherapy (HR=0.686, 95%CI 0.575-0.819; p<0.001) were

independent risk factors for adverse prognosis based on PFS. Age

≥60 (HR=2.207, 95%CI 1.321-3.690; p=0.003), high IPI score (3-5)

(HR=2.926, 95% CI 1.716-4.988; p<0.001), B symptoms (HR=1.928,

95%CI 1.192-3.119; p=0.007), elevated LDH (HR=1.696, 95%CI 1.031-

2.791; p=0.038) and received less than 4 cycles chemotherapy

(HR=0.520, 95%CI 0.424-0.637; p<0.001) were independent risk

factor for adverse prognosis based on OS (Table 3).
Discussion

Due to the particularity of HIV infection, few medical centers

treat HIV-associated lymphoma patients in China. In order to raise
A B

D

E F

C

FIGURE 1

PFS and OS in HIV-associated DLBCL patients. Median PFS (A) and OS (B) were 17 months and 38.1 months, respectively. Median PFS times in the 0,
1-3, 4-6, and >6 cycles chemotherapy cohort were 7.1 months, 10.1 months, 36.5 months, and 26.4 months, respectively (p<0.001) (C). Median OS
times were 7.1 months, 20.0 months, not reached, and not reached, respectively (p<0.001) (D). Median PFS times in the no received rituximab and
received rituximab groups were 16 months and not reached (p=0.049) (E). Median OS times were 27.7 months and not reached (p=0.048) (F).
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awareness of this rare group, we have set up a cooperation group,

named Central and Western China AIDS Lymphoma League

(CALL) in May 2021. The CALL is a public welfare organization

dedicated to the diagnosis and treatment of HIV-associated

lymphoma patients. This is the first multi‐center retrospective

study with HIV-associated DLBCL in eleven China academic

centers from CALL from October 2008 to October 2021. The

present study included 273 HIV-associated DLBCL cases, which

is the largest cohort reported in China to date. To the best of our

knowledge, this is also the first systematic study to explore the effect

of chemotherapy cycles on prognosis in a large series of HIV-

associated DLBCL.

HIV-associated malignancies are divided into acquired immune

deficiency syndrome-defining and non-acquired immune

deficiency syndrome-defining cancers based on the coincidence

rate. Kaposi’s sarcoma, Non-Hodgkin’s lymphoma and invasive

cervical cancer are considered acquired immune deficiency

syndrome- defining cancers. Other cancers, which including

Hodgkin’s lymphoma, hepatocellular carcinoma, oral and

pharyngeal cancers, lung cancer, anal cancer, vulvar cancer and

penile cancer, are considered non-acquired immune deficiency

syndrome-defining cancers (1, 2). The latest research show that

HIV-associated Non-Hodgkin’s lymphoma is the highest incidence

rate among HIV-associated malignancies in the United States (2).

DLBCL is the most common subtypes of HIV-associated

lymphoma (3).

The present cohort study showed that the median age was 47

years (range, 21-90) at lymphoma diagnosis, and 223 patients were

male (81.7%), in agreement with the overall male-to-female HIV
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incidence rate in China (9). For lymphoma patients, who no infection

HIV, most have painless lymphadenopathy as the primary

presentation (10). Compared with HIV-negative lymphoma, the

initial symptoms of HIV-associated lymphoma are more variable,

with more being advanced stage at diagnosis, often accompanied by

B-symptoms and showing more manifestations of extranodal

involvement (11–14). The present study showed that most patients

had advanced Ann Arbor stage (78.9% 213/273), (65.2%, 178/273)

elevated LDH, (56.8%, 155/273) extranodal involvement and (65.2%,

178/273) High IPI score (3-5). These results suggest that HIV-

associated DLBCL is more aggressive.

Currently, there are no standard guidelines for treatment of

HIV-associated DLBCL. In the pre-cART era, median survival

times only 5 to 8 months for HIV-associated DLBCL patients.

This is because patients are easily complicated by opportunistic

infections, resulting in an increase in mortality (4, 5). In the cART

era, combining cART with intensity chemotherapy could

significantly improve survival in HIV-associated DLBCL patients,

with 5-year OS up to 55% (15).

Rituximab can significantly improves the survival of HIV-

negative DLBCL patients (16). In the cART era, Coutinho showed

that HIV-associated DLBCL receiving rituximab have better OS

(94% vs 77%, p=0.03) and PFS (78% vs 64%, p=0.03) compared with

HIV-negative patients (17). Our previous single-center study

showed that HIV-associated DLBCL receiving rituximab have

better median PFS (not reached vs 12 months, p=0.006) and

median OS (not reached vs 36 months, p=0.021) compared with

no receiving rituximab (8). In this CALL study, the overall 2-year

PFS rates in the no receiving rituximab and receiving rituximab
TABLE 3 Prognostic factor analysis for progression free survival and overall survival.

Variables Progression-free survival Overall survival

Univariate Multivariate Univariate Multivariate

HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

Gender (F/M) 1.057 (0.670-1.667) 0.813 1.208 (0.693-2.105) 0.506

Age (<60/≥60) 1.521 (0.938-2.466) 0.089 2.346 (1.420-3.875) 0.001 2.207 (1.321-3.690) 0.003

COO subtype (GCB/non-GCB) 1.187 (0.804-1.752) 0.388 0.823 (0.508-1.334) 0.429

Stage (I-II/III-IV) 2.172 (1.243-3.797) 0.006 1.344 (0.743-2.431) 0.328 1.787 (0.972-3.285) 0.062

IPI (0-2/3-5) 2.452 (1.607-3.742) <0.001 1.996 (1.225-3.253) 0.006 2.960 (1.774-4.939) <0.001 2.926 (1.716-4.988) <0.001

B symptoms 2.228 (1.500-3.311) <0.001 1.623 (1.077-2.448) 0.021 2.457 (1.535-3.932) <0.001 1.928 (1.192-3.119) 0.007

ECOG (0-1/2-4) 1.990 (1.357-2.919) <0.001 1.293 (0.847-1.974) 0.234 1.496 (0.946-2.366) 0.085

CD4 (<200/≥200) 0.804 (0.546-1.184) 0.270 0.768 (0.490-1.203) 0.249

History of HIV (year) (0/<3/≥3) 1.228 (0.984-1.531) 0.169 1.248 (0.941-1.656) 0.125

LDH 1.704 (1.145-2.535) 0.009 1.316 (0.867-1.997) 0.197 2.022 (1.254-3.260) 0.004 1.696 (1.031-2.791) 0.038

Extra-nodal involvement 1.478 (1.013-2.155) 0.043 1.174 (0.794-1.737) 0.421 1.052 (0.689-1.607) 0.814

Bulky tumor 0.971 (0.655-1.440) 0.885 1.084 (0.691-1.700) 0.726

Chemotherapy cycles (0/1-3/4-6/>6) 0.713 (0.600-0.847) <0.001 0.686 (0.575-0.819) <0.001 0.549 (0.451-0.667) <0.001 0.520 (0.424-0.637) <0.001

EBV positive 1.082 (0.404-1.352) 0.562 0.923 (0.528-1.124) 0.498
frontie
COO, Cell-of-origin subtype.
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groups were 41.0% and 53.0%, respectively (p=0.049). The overall 2-

year OS rates were 52.6% and 68.5%, respectively (p=0.048). The

current data also suggested that rituximab administration was

significantly associated with improved outcomes in HIV-

associated DLBCL. In AMC034, rituximab combined with

EPOCH was assessed, and the results were compared with R-

CHOP in AMC010. The results showed that a higher CR rate

(69%) was obtained for R-EPOCH compared with R-CHOP (47%)

(18). In the CALL study, totally 209 patients were evaluated for best

treatment response at the end of treatment, including 65 patients

who received EPOCH and 144 patients who received R-EPOCH.

The results indicated an overall response rate (ORR) of 63.1% and

80.6%, respectively. Complete response (CR) rate were 23.1% and

42.4%, respectively. Further AMC075 study found that survival in

HIV-associated DLBCL is not significantly improved after R-

EPOCH combination with vorinostat, an histone deacetylase

(HDAC) inhibitor (7). So far, R-EPOCH is more helpful in

prolonging survival in patients with HIV-associated DLBCL.

Whether HIV infection is a risk factor for increased mortality in

HIV-associated lymphoma remains highly controversial. However,

in DLBCL, HIV infection is no longer an independent predictor of

death after controlling for mixed factors such as the frequency of

rituximab use (19).

The optimal treatment cycles option of first line induction

chemotherapy for HIV-associated DLBCL remains undefined.

Compared with HIV-negative DLBCL patients, HIV-associated

DLBCL patients are difficult to accept long-term hospitalization

chemotherapy, whether there is an appropriate reduction in the

number of chemotherapy cycles, the survival of patients will not be

affected? Wu D retrospectively analyzed the clinical features of 100

HIV-associated lymphoma patients, which including 66 HIV-

associated DLBCL. 15 patients (15%) did not received

chemotherapy. Compared to those who did not received

chemotherapy, the 2-year OS rate (41.0% vs. 0%, p<0.001), and

CR rate (20.0% vs. 0%, p=0.037) were significantly higher in patients

who received chemotherapy (20). Another Chinese study also found

that more than 1/5 (24%, 25/104) patients with HIV-associated

DLBCL did not receive chemotherapy (21). In our previous single-

center study, of all 86 HIV-associated aggressive B-cell lymphoma

patients, 22 (25.6%) did not receive chemotherapy because of fear of

discrimination and poor financial situation, including 16 DLBCL

patients (8). Once the chemotherapy is given up, the prognosis of

the patients will become very poor (8, 20–24). Based on this, we

carried out this study. To the best of our knowledge, this is also the

first systematic study to explore the effect of chemotherapy cycles

on prognosis in a large series of HIV-associated DLBCL. In the

CALL study, cox multivariate analysis showed that received less

than 4 cycles chemotherapy (HR=0.520, 95%CI 0.424-0.637;

p<0.001) were independent risk factor for adverse prognosis.
Conclusion

In summary, our multi-center study suggested that received less

than 4 cycles chemotherapy predicted poor OS and PFS in HIV-

associated DLBCL patients. Therefore, we recommend that patients
Frontiers in Immunology 08
receive at least 4 cycles of systemic chemotherapy. More high-

quality randomized controlled studies were needed to test

our findings.
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