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Simple Summary

Treatment of HIV-associated lymphoma (HIV-Ly) with autologous stem cell transplanta-
tion (ASCT) has shown to be feasible and effective. In this study we compare the clinical
outcomes of HIV-Ly and lymphomas of the general population receiving ASCT, analyz-
ing two series of consecutive HIV-positive and HIV-negative patients, based on a 1:1 pro-
pensity score match analysis. Forty-four patients were identified in both groups. Progres-
sion-free survival (PFS), defined as the time from ASCT to relapse, progression or death
for any cause, was significantly higher in HIV-positive patients (4-year PFS 81% and 51%,
in HIV-positive and HIV-negative patients, respectively, p = 0.027). The 4-year OS was
81% in HIV-positive and 67% in HIV-negative patients (p = 0.15). The relapse rate was
significantly higher in HIV-negative patients (36% vs. 23%) (p = 0.04). Our results increase
the awareness of ASCT as an effective curative option for HIV-Ly and show for the first
time better PFS and a low relapse rate after ASCT in patients with HIV compared to pa-
tients without, in a statistically reliable manner.

Abstract

Background/Objectives: Treatment of HIV-associated lymphoma (HIV-Ly) with autolo-
gous stem cell transplantation (ASCT) has shown a surprisingly low relapse rate in several
series. The aim of this study was to compare the clinical outcomes of HIV-Ly and lym-
phomas in the general population receiving ASCT. Methods: We compared two series of
consecutive HIV-positive and HIV-negative patients, based on a 1:1 propensity score anal-
ysis, matching for age, sex, histology, disease status and prior therapies. Results: After
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propensity matching we identified a final population of 88 patients (44 HIV-positive vs.
44 HIV-negative). All HIV-positive patients received combination antiretroviral therapy
(cART). With a median follow-up of 51 months, PES was significantly higher in HIV-pos-
itive patients (4-year PFS 81% and 51%, in HIV-positive and HIV-negative patients, re-
spectively, p = 0.027). Four-year OS was 81% for HIV-positive and 67% in HIV-negative
patients (p = 0.15). The relapse rate was significantly higher in HIV-negative patients (36%
vs. 23%) (p = 0.04). Conclusions: Our results clearly show that ASCT is an effective curative
option for HIV-Ly, with better PFS and a lower relapse rate compared to patients without
HIV. A favorable effect of ASCT on HIV infection and immune system recovery, potential
off-target effects of cART or other yet unknown factors may account for this observation.

Keywords: HIV; lymphoma; autologous stem cell transplantation

1. Introduction

The global incidence of HIV-associated lymphoma (HIV-Ly) decreased consistently
after the widespread use of combination antiretroviral therapy (cART). Nevertheless
Hodgkin (HL) and non-Hodgkin lymphoma (NHL) remain a major cause of morbidity
and mortality in people living with HIV (PLWH) [1,2]. Treatment outcomes of HIV-Ly
have improved in recent decades, due to effective cART and better supportive care, mak-
ing standard therapeutic regimens established for HIV-negative patients also feasible in
the HIV setting. Outcomes nowadays are similar in HIV-positive and HIV-negative pa-
tients with lymphoma when treated with the same standard therapies [3]. However, sev-
eral population-based studies have highlighted a major health care disparity between the
HIV-positive and negative population and studies of novel cancer therapeutics still usu-
ally exclude patients with HIV infection [4,5].

The use of high-dose therapy (HDT) with autologous stem cell transplantation
(ASCT) has been shown to be feasible and highly effective in HIV-Ly for several years [6-
10]. To date ASCT is offered to HIV-positive patients with lymphoma with the same indi-
cation as for HIV-negative patients, at least in developed countries, and concerns about
potentially higher infection toxicity do not limit the use of this procedure [11]. A surpris-
ingly low relapse rate has been reported in some series of PLWH who received ASCT for
HIV-Ly [7,12-15]. Some of these studies have compared the results of monocentric or mul-
ticentric cohorts of HIV-positive subjects with historical series of HIV-negative patients
undergoing ASCT or with controls identified among HIV-negative groups of patients ac-
cording to various matching criteria. Although the HIV-positive patients usually had a
higher clinical risk, a trend in favor of a lower relapse rate and longer progression-free
survival (PFS) has been reported for PLWH, although statistically not significant [11,13-
15].

In this study, we performed a comparison between two series of consecutive HIV-
positive and negative patients with lymphoma receiving HDT and ASCT at two Italian
centers, based on a 1:1 propensity score match (PSM) analysis, considering the main con-
founding variables. The aim was to directly compare, in a statistically reliable manner, the
impact of ASCT, in terms of clinical outcome and toxicity, according to patients’ HIV sta-
tus.
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2. Material and Methods
2.1. Study Design and Population

We compared the clinical outcome of a case series of HIV-Ly that underwent ASCT
and a cohort of comparable HIV-negative patients with lymphoma who received the same
treatment, using a propensity score system to appropriately match the two groups.

The HIV-positive cohort comprised 66 consecutive patients receiving HDT and ASCT
at the Hematology Department of Spedali Civili di Brescia, Brescia, Italy, from January
2001 to December 2019. As the comparison group we chose two consecutive series of HIV-
negative patients who underwent ASCT at the Hematology Unit of Spedali Civili di Bre-
scia, Brescia, Italy

and at the Policlinico Borgo Roma, Verona, Italy, to increase the likelihood of finding
adequately matched cases. Patients who underwent the first ASCT in a tandem program
of autologous—autologous or autologous—allogeneic transplantation were excluded as pa-
tients who had prior ASCT or allogeneic transplantation. Two hundred and eighty-five
HIV-negative patients between 2010 and 2017 were identified.

All patient data were collected from an anonymized database previously gathered
with patients” consent, for research and publication purposes. To adjust for confounders
in baseline differences between the two groups, a balance was achieved using a 1:1 PSM
analysis that led to a final population of 88 patients (44 HIV-positive and 44 HIV-nega-
tive). Matching criteria included age, sex, histology, disease status at the time of transplant
and number of previous therapy regimens. Disease status at ASCT was classified accord-
ing to the following three categories: first complete remission (CR); chemotherapy-sensi-
tive disease (chemo-s), which includes partial response (PR) after first-line therapy, or
chemotherapy-sensitive disease (at least PR) after salvage therapy; and chemotherapy-
resistant disease (chemo-r), when less than PR was achieved with the latest therapy re-
ceived. Disease response was defined by the Revised Response Criteria for Malignant
Lymphoma [16]. All cases were diagnosed by expert pathologists, and a histological re-
view was deemed unnecessary.

The primary objective of this study was to compare the PFS of the two groups of HIV-
positive and negative patients. Secondary objectives included evaluation of overall sur-
vival (OS), relapse rates (RR), toxicity, mortality rates, and evaluation of the causes of
death. Then, the primary endpoint was PFS and secondary endpoints were OS; RR; tox-
icity according to the Common Terminology Criteria for Adverse Events, version 5.0 [17];
pre- and post-infectious event rates; mortality rates; lymphoma-specific mortality (LSM);
and other-cause mortality (OCM) rates.

2.2. Statistics and Definition of Outcomes

Statistical analyses comprised a few steps. First, medians and interquartile ranges
(IQR) or frequencies and proportions were reported for continuous or categorical varia-
bles, respectively. A Mann—-Whitney U test and a Chi-square test were applied to deter-
mine the statistical significance of differences in medians and proportions, respectively.
Second, propensity score match analysis was performed to achieve a comparable cohort
of patients affected and not affected by HIV, respectively. Propensity scores were com-
puted for each patient using the 1:1 nearest-neighbor approach with a caliper width of 0.1,
by modeling logistic regression with the dependent variable as the presence of HIV and
accounting for the following confounders: age, sex (male, female), histology, disease sta-
tus at ASCT (1st CR, chemo-s, chemo-r) and the number of prior lines of therapy (1, 2, 23).
Third, survival analyses were performed by means of Kaplan-Meier curves, using a log-
rank test to compare different groups. Fourth, Cox regression analysis was performed for
univariable survival analyses. For univariate analysis of prognostic factors for survival,
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the following parameters were considered: age, sex, histology, disease status at transplant,
and number of prior lines of therapy. Finally, cumulative incidence analyses were used to
plot LSM and OCM rates. PFS was defined as the time from ASCT to relapse, progression
or death for any cause. OS was measured from ASCT to death for any cause, or the last
time the patient was known to be alive. LSM was defined as mortality due to active lym-
phoma, and OCM as mortality due to any cause other than disease relapse or progression.
Neutrophil engraftment was defined as the first day with an absolute neutrophil count
greater than 500/uL and platelet engraftment as a self-supporting platelet count greater
than 20,000/uL.

Grade > 2 toxicities were considered, according to the Common Terminology Criteria
for Adverse Events, version 5.0. Infectious events were classified by post-ASCT time
frames: pre-engraftment period (PRE-EP) refers to the period between HDT and hemato-
logical engraftment and post-engraftment period (POST-EP) refers to the time frame after
the hematological engraftment and the first two years from ASCT. All analyses were per-
formed using the R software v.3.6.3. All tests were two-sided with a significance level set
atp <0.05.

3. Results
3.1. Patients’” Characteristics

Following propensity score-based nearest-neighbor 1:1 matching, we identified 44
HIV-positive patients (from the initial 66) and 44 HIV-negative patients (from the initial
285) (Figure 1). Baseline patients’ characteristics are shown in Table 1. Half of the patients
had a Diffuse Large B-cell Lymphoma, the great majority had a chemo-s disease and 50%
had received more than two lines of previous therapy. Within the HIV-positive popula-
tion, the median CD4+ T-cells before ASCT was 219/uL (range 60-720) and only one pa-
tient (2%) had detectable HIV viremia. All patients were on cART at the time of ASCT.
Only two patients discontinued cART for at least 1 week after ASCT due to oral mucositis
and hepatic toxicity, respectively. Co-infection with hepatitis B and hepatitis C virus was
present in 1 (2%) and 12 (27%) HIV-positive patients and in 1 (2%) and 5 (11%) HIV-neg-
ative patients.

Table 1. Descriptive characteristics of 88 patients with lymphoma (44 HIV-positive and 44 HIV-
negative) receiving ASCT, after propensity score matching.

Variables Overall n = 88 HIV-(n=44) HIV + (n=44) p-Value
Age at ASCT, yrs
Median 47 46 47 0.7
IQR 36-54 35-57 38-54
Sex, n (%)
M 78 (89) 38 (86) 40 (91) 0.8
F 10 (11) 6 (14) 4(9)
Histology, n (%)
HL 24 (27) 13 (30) 11 (25) 0.9
DLBCL/PBL 44 (50) 20 (46) 24 (54)
Burkitt/Burkitt-like Lymphoma 4 (5) 2 (4.5) 2 (4.5)
PTCL 11 (13) 6 (14) 5(11)
FL 3(34) 2 (4.5) 1(2.3)
PMBCL 2(2.3) 1(2.3) 1(2.3)
Status at ASCT, n (%)
1st CR 13 (15) 3(7) 10 (23) 0.1
Chemo-s 68 (77) 37 (84) 31 (71)
Chemo-r 7 (8) 4(9) 3(7)
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Number of prior therapies, n (%)

1 22 (25) 12 (27) 10 (23) 0.6
2 22 (25) 9 (21) 13 (30)
>3 44 (50) 23 (52) 21 (48)

IQR: interquartile range. ASCT: autologous stem cell transplantation. HL: Hodgkin Lymphoma;
DLBCL/PBL: Diffuse Large B-cell Lymphoma/Plasmablastic Lymphoma (PBL was merged with
DLBCL as it was identified only in the HIV-positive group); PTCL: Peripheral T-cell Lymphoma;
FL: Follicular Lymphoma; PMBCL: Primary Mediastinal B-cell Lymphoma; Chemo-s: chemo-sensi-

tive disease; Chemo-r: chemo-resistant disease.
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Figure 1. Propensity score distribution of the 2 cohorts, HIV-positive and negative patients, before

and after propensity score-based nearest-neighbor 1:1 matching.

3.2. Clinical Outcomes

Overall, after a median follow-up of 51 months (IQR: 15-80), the 2-year and 4-year
PFS were 71% and 65%, and the 2-year and 4-year OS were 78% and 74% for the entire
series of 88 patients. PFS in the HIV-positive group was significantly higher compared to
the HIV-negative population (2-year and 4-year PFS 81% and 78% vs. 61% and 51%, re-
spectively, p = 0.027) (Figure 2). The 2-year OS and 4-year OS were both 81% for the HIV-
positive patients and 75% and 67% for the HIV-negative patients (p = 0.15). The median
follow-up for the two groups was 51 months (IQR: 8-87) for HIV-positive and 43 (IQR 24—
73) for the HIV-negative population.

Overall, 30 patients (34%) had lymphoma relapse after ASCT. The relapse rate was
significantly higher in HIV-negative (20 patients, 45%) compared to HIV-positive patients
(10 patients, 23%) (p = 0.04). The median time to relapse was 57 months (IQR 12-89) for
HIV-positive versus 27 months (IQR 5-53) for HIV-negative patients (p = 0.03). Twenty-
six cases of death were recorded. Ten patients (23%) in the HIV-positive group died: seven
from lymphoma, two from infection during CR (one had stopped cART by his own
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decision several months after ASCT), and one due to suicide. In the HIV-negative group,
16 patients (36%) died: 11 from lymphoma, four from infection (one patient in CR due to
pneumonia, 11 months after ASCT, and three while receiving further therapies for lym-
phoma relapse), and one from a second tumor (pancreatic adenocarcinoma).
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Figure 2. Survival according to HIV infection status. PFS (A) and OS (B) for HIV-positive and neg-
ative patients with lymphoma receiving ASCT.
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The CI plots of LSM and OCM are reported in Figure 3. The CIs of LSM and OCM at
four years for HIV-positive versus HIV-negative patients were 16.5% vs. 26.1% and 2.5%
vs. 7.2%, respectively.
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Figure 3. Cumulative incidence plot of Lymphoma-Specific Mortality (LSM) and Other-Cause Mor-
tality (OCM) according to HIV infection status. LSM and OCM at 4 years for HIV-positive and neg-
ative patients with lymphoma, receiving ASCT, are reported in Figure (A) and Figure (B) respec-
tively.
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3.3. Engraftment, Toxicity, and Infections

In all patients, peripheral hematopoietic stem cells were used for transplantation. The
median number of CD34+ cells infused was 6.3 (IQR 5.0-7.3) x 10¢/kg in the HIV-positive
and 5.75 (IQR 4.9-7.9) x 10¢/kg in the HIV-negative patients (p = 0.72). Neutrophil and
platelet engraftment was achieved in all patients, except for one HIV-positive patient with
chemo-r disease who died 10 days after ASCT because of sepsis. The median time to neu-
trophil and platelet engraftment was 10 days and 13 days for both HIV-positive and neg-
ative patients.

As infection prophylaxis HIV-negative patients received acyclovir and trimethoprim
sulfamethoxazole until 3 months after ASCT. HIV-positive patients received acyclovir and
fluconazole for 3 months after ASCT, and trimethoprim sulfamethoxazole for at least 6
months (or until CD4 count > 200/mcl). Levofloxacin was used in both groups during the
neutropenic period before engraftment.

Eighteen (41%) HIV-positive patients had a total of 20 grade 3—4 treatment-related
toxicity events (10 oral mucositis, 6 gastrointestinal toxicity/diarrhea, 3 enteritis, 1 sei-
zure), while in the HIV-negative group, 16 grade 3—4 toxicity events were seen in 15 (34%)
patients (14 oral mucositis, 2 enteritis) (p = 0.6). Nineteen patients (43%) in the HIV-posi-
tive group had an episode of fever of unknown origin (FUO) versus 26 (59%) in the HIV-
negative group (p = 0.2). During the PRE-EP, there was a similar number of infectious
events between the two groups (15 events in 14 patients and 11 events in 9 patients within
the HIV-positive and negative group, respectively, p = 0.48). A documented bacterial in-
fection was seen in 9 HIV-positive patients (20%) (including 3 g-negative and 4 g-positive
episodes of sepsis), and in 7 HIV-negative patients (16%) (including 3 g-negative and 1 g-
positive episodes of sepsis). A pneumonitis was recorded in one HIV-positive and two
HIV-negative patients. Two cases (4%) of asymptomatic cytomegalovirus (CMV) reacti-
vation, one (2%) herpes zoster (HZV) infection, and one (2%) human herpes virus-6
(HHV-6) infection were seen in the HIV-positive group while only one (2%) HHV-6 infec-
tion was observed in the HIV-negative group. One C.parapsilosis sepsis was observed in
one HIV-negative patient and one HIV-positive patient had a probable invasive pulmo-
nary aspergillosis. During the POST-EP there was a significant majority of infections or
febrile events in the HIV-positive population compared to the HIV-negative group (34 vs.
17, respectively, p = 0.02). A total of 29 documented late infections occurred in 23 HIV-
positive patients, including 5 bacterial infections, 20 viral infections (8 CMV, 11 HZV, 1
Rhinovirus pneumonia), and 4 cases of pneumonia. In the HIV negative-population, 12
patients had 15 documented infection events: two bacterial infections, 10 viral (7 CMV
and 3 HZV), and 3 cases of pneumonia.

3.4. Predictive Factors for Relapse and Mortality

Considering the whole series of 88 patients, at univariable Cox regression analysis,
two treatment lines prior to ASCT (HR: 0.07; p = 0.01) and chemo-refractory disease at
ASCT (HR: 32; p < 0.01) significantly correlated with lower PES. HIV infection resulted in
being a protective factor for PFS (HR: 0.43; p = 0.03). Age (HR: 1.04; p = 0.03), NHL T his-
tology (HR: 3.1; p = 0.05) and chemo-refractory disease at ASCT (HR: 6.6; 95% CI: 1.6-27;
p =0.01) were significantly correlated with a higher risk of death.

4. Conclusions

Thanks to the widespread use of cART, and the improvement in supportive care,
standard-dose chemotherapy and HDT with ASCT are nowadays offered to HIV-positive
patients with lymphoma with the same indications as for the HIV-negative general pop-
ulation.
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However, access to target therapies and modern immunotherapies is still limited to
PLWH, due to socio-economic factors and inadequate research to support safety and effi-
cacy in this population. In the present study, we compared the outcomes of ASCT among
two series of lymphoma patients affected or not affected by HIV infection using a 1:1 pro-
pensity score matching to reduce the bias of the retrospective comparison. Unpredictable
satisfactory outcomes were previously reported for HIV-positive patients, comparable to
HIV-negative subjects, with a surprising trend toward less relapses in the HIV-positive
population [11,13-15].

The main result of our study was the significantly lower relapse rate in the HIV-pos-
itive group, which resulted in statistically significant higher PFS in PLWH compared to
HIV-negative patients. This has also resulted in a not statistically significant trend toward
improved OS in HIV-positive patients. PFS and OS of HIV-positive patients in the present
study are in line with previous reports [9,18].

The fascinating finding of better PFS in patients with HIV infection compared to the
general population is difficult to interpret. A beneficial effect of ASCT on the underlying
HIV infection and on the immune status of patients with HIV may be hypothesized.
Highly myelotoxic chemotherapy could deplete the reservoir that harbors HIV and facil-
itates immune recovery, and the restoration of an effective immune system might be rel-
atively more beneficial in lymphomas developing in the context of failing immune re-
sponse than in immunocompetent patients [19]. In hematologic malignancies, there are
several examples of immunodeficiency-driven diseases that benefit from immune recon-
stitution, by simply reducing or modifying immune suppression, and several cases of
lymphoma regression with treatment of HIV alone have been reported [20-22]. Moreover,
a favorable long-term effect of cCART may also play a role in the reduction in the relapse
risk in HIV-Ly. Antiviral drugs included in cART regimens have been reported to exert a
direct antineoplastic action [23-25]. Moreover, several studies have demonstrated the ef-
ficacy of the antiretroviral zidovudine, used in combination with interferon-a, against
some adult T-cell leukemia subtypes, a disease etiologically associated with the human T-
cell leukemia retrovirus type L It is uncertain whether these drugs function via antiviral
activity in cells in the tumor or microenvironment or through mechanisms other than an-
tiviral activity [26]. Even if antiviral drugs have not been approved as antiproliferative
agents, promising in vitro studies have demonstrated that nucleoside/nucleotide analog,
reverse transcriptase inhibitors or integrase inhibitors can modulate cell growth and dif-
ferentiation across various cancer types [27-29]. Investigations are ongoing to identify
agents with the ability to inhibit key enzymes that play a crucial role in DNA metabolism
and their possible application as antiretroviral and antitumoral agents [30].

In our study, we did not find significant differences both in acute toxicity and early
infections after ASCT between the two groups of HIV-positive and negative patients. In-
stead, infections occurring later after engraftment were significantly higher in PLWH, and
were mainly of viral origin. An increased rate of infections was also reported by the Span-
ish group [11], without a detrimental effect on survival. A previous study found a com-
parable immunologic recovery after ASCT between HIV-positive and negative patients,
while other studies reported a delayed recovery in PLWH irrespective of efficient cART
[11,19]. It is also known that chronic inflammation, immune cell metabolic dysregulation,
and cellular dysfunction persist in PLWH even in the presence of effective cART and sup-
pressed HIV viremia [31]. Our experience underlines the need for optimal supportive
measures and careful follow-up in HIV-positive patients. Anyway, in our study not only
LSM but also OCM showed a trend in favor of PLWH.

In conclusion, our results increase the awareness of ASCT as an effective curative
option for patients with HIV-Ly and chemo-sensitive disease. ASCT indeed appeared to
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be highly effective in our study, and we reported for the first time a significantly lower
relapse rate in HIV-positive patients compared to the general HIV-negative population.

We are aware that future clinical studies in the HIV setting should focus on novel
molecules and immunological approaches while considering the effects on the underlying
HIV disease, and some preliminary experiences paved the way in this direction [32-34].
While waiting for these new therapeutic approaches, rapidly developing in the HIV-neg-
ative population [35], to be demonstrated as safe and effective in the setting of HIV, ASCT
remains a highly effective treatment strategy for HIV-Ly. A collaboration between all the
involved professional figures, particularly infectious disease specialists and hemato-on-
cologists, represents the key to the correct management of these patients to guarantee the
best achievable oncological outcome.
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