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Limited comparative data exist for the treatment of HIV-associated non-Hodgkin lymphoma.
We analyzed pooled individual patient data for 1546 patients from 19 prospective clinical

¢ Rituximab use is associated
with significant improvement
in all outcomes for patients
with HIV-associated CD20-
positive lymphomas.

¢ Infusional EPOCH
chemotherapy is associated
with better overall survival in
patients with AIDS-related
diffuse large B-cell lymphoma
(DLBCL).

trials to assess treatment-specific factors (type of chemotherapy, rituximab, and con-
current combination antiretroviral [cART] use) and their influence on the outcomes
complete response (CR), progression free survival (PFS), and overall survival (OS). In
our analysis, rituximab was associated with a higher CR rate (odds ratio [OR] 2.89;
P < .001), improved PFS (hazard ratio [HR] 0.50; P < .001), and OS (HR 0.51; P <.0001).
Compared with cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP),
initial therapy with more dose-intense regimens resulted in better CR rates (ACVBP
[doxorubicin, cyclophosphamide, vindesine, bleomycin and prednisolone]: OR 1.70;
P < .04), PFS (ACVBP: HR 0.72; P = .049; “intensive regimens”: HR 0.35; P < .001) and OS
(“intensive regimens”: HR 0.54; P < .001). Infusional etoposide, prednisone, infusional
vincristine, infusional doxorubicin, and cyclophosphamide (EPOCH) was associated with
significantly better OS in diffuse large B-cell lymphoma (HR 0.33; P = .03). Concurrent
use of cART was associated with improved CR rates (OR 1.89; P = .005) and trended
toward improved OS (HR 0.78; P = .07). These findings provide supporting evidence for current patterns of care where definitive
evidence is unavailable. (Blood. 2013;122(19):3251-3262)

Introduction

The incidence of non-Hodgkin lymphomas (NHLs) remains signifi-
cantly increased in HIV-positive patients compared with the HIV-
negative population, even in the era of combination antiretroviral
therapy (cART).'” The prognosis of HIV-associated NHL is influ-
enced by lymphoma-specific factors, HIV-specific factors, and treat-
ment. HIV-associated lymphomas often present with a more aggressive
histology and advanced stage. Impaired bone marrow reserve and
underlying immunodeficiency contribute to higher rates of infectious
complications compared with immunocompetent patients with
NHLs."*’

In the early days of the AIDS epidemic, treatment of HIV-positive
patients diagnosed with NHL was mainly palliative, with median
survival measured in months, and only ~10% of patients alive at

2 years.® The advent of cART in 1996 resulted in reduced morbidity
and mortality from HIV infection, thus allowing more aggressive
lymphoma-directed therapy.”'' Several studies have shown that
properly selected patients with HIV-associated NHL tolerate highly
aggressive and potentially curative regimens typically used for im-
munocompetent patients without prohibitive toxicity.'*"

Despite these remarkable advances in outcomes, there are few
randomized controlled clinical trials that define an optimal approach
for the treatment of HIV-associated NHL. An important example is the
role of rituximab, a monoclonal antibody directed against CD20: al-
though overwhelming evidence supports its use in immunocompetent
patients with B-cell NHL,'®'” the only randomized controlled
clinical trial in the HIV-positive population showed no benefit.'®
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Another controversial topic is the concurrent use of cART, which
some experts argue should be suspended during induction therapy.'®
This dearth of comparative data motivated us to perform a systematic
review to identify all prospectively performed clinical trials in HIV-
associated NHL, extract patient-level information including lymphoma-
specific, HIV-specific, and treatment factors, and perform a pooled
analysis of this data. Our objective was to assess the influence of
treatment on outcomes after adjustment for baseline covariates.

Materials and methods

Search strategy and selection criteria

We conducted a systematic review of the published literature by using the
PubMed and Embase databases. We used an identical search strategy as
used by the Cochrane Collaboration using the search terms lymphoma, non-
Hodgkin, AIDS, HIV infection, and combinations of these terms as previously
developed by The Cochrane Collaboration.’**' Additionally, we searched all
available online conference abstracts of the annual meetings of the American
Society of Clinical Oncology, American Society of Hematology, AIDS, and
International Conference on Malignancies in AIDS and Other Acquired
Immunodeficiencies, by using combinations of the above search terms. To
ensure that all relevant trials were included, we reviewed the bibliographic
references of review articles and the retrieved publications and queried experts
in the field for the existence of other published or unpublished trials. To be
considered eligible, trials had to be prospective phase II or III clinical trials
performed in North America or Europe, treat HIV-positive patients =18 years
of age with newly diagnosed NHL, and measure either survival or response rate
as their primary outcome. Studies that assessed patients with primary central
nervous system lymphoma, or therapies such as radiation therapy, immuno-
toxins, radio-immunotherapy, stem cell transplantation, or salvage therapies,
were excluded. The searches were restricted to studies performed in humans
and limited to the time period between January 1, 1990 and October 31, 2010,
without any restrictions on language.

Procedure

We requested the complete data sets of all collected data in an electronic
format stripped of any potential identifiers from the principal investigators
(PIs), including gender, race, age, treatment center, enrollment date, date of
last follow-up (or date of death), status at last follow-up, survival status,
cause of death, relapse status, type and date of relapse if any, histological
subtype, stage, LDH, number of involved extranodal sites, performance
status at baseline, baseline CD4 count and viral load, date of HIV diagnosis,
mode of HIV transmission, history of AIDS defining events prior to lym-
phoma, type of antiretroviral therapy, use of cART concurrently with
chemotherapy, type of chemotherapy, and use of rituximab. If no response
by the PI was received, 2 further attempts were made to contact the PI. We
then pooled all patient-level data. Complete response (CR) was defined as
per the individual study protocol. Overall survival (OS) was defined as the
time from enrollment to death from any cause; progression-free survival
(PFS) was the time to relapse. We analyzed all data centrally and checked
for inconsistencies. The Albert-Einstein College of Medicine institutional
review board approved the study. Informed consent was obtained in accordance
with the Declaration of Helsinki.

Statistical analysis

We presented continuous data as mean * standard deviation or median =
interquartile range (IQR). When comparing 2 groups, we used the Student ¢ test
for normally distributed data; otherwise, the nonparametric Mann-Whitney
U test was used. For proportions, we used the Pearson x> test or the Fisher exact
test for scarce data. The outcomes PES and OS were plotted according to the
Kaplan-Meier method and analyzed through the log-rank test as an initial
examination. We then used a multivariate logistic regression model to estimate
the odds ratio (OR) associated with exposure for the outcome CR and a Cox
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proportional hazards regression model to estimate hazard ratio (HR) for the
time to event outcomes PFS and OS.

The variables of interest were the use of rituximab with chemotherapy,
the type of chemotherapy defined as either (1) intensive regimes (alternating
combinations of cytarabine, methotrexate, cyclophosphamide, ifosfamide,
doxorubicin, teniposide, vincristine, dexamethasone [modified GMALL
protocol] [GBALLJ?%, LAL3/97 [modified GMALL protocol],'2 and LMB6
regimens [detailed description as per Oriol et al*]), (2) cyclophosphamide,
doxorubicin, vincristine, and prednisone (CHOP), (3) modified or low-dose
CHOP, (4) infusional etoposide, prednisone, infusional vincristine, infu-
sional doxorubicin, and cyclophosphamide (EPOCH), (5) vincristine and
steroid (VS), (6) doxorubicin, cyclophosphamide, vindesine, bleomycin, and
prednisolone (ABCVP) or LNHIV91 (for detailed description, see the
original publication®*), (7) infusional cyclophosphamide, doxorubicin, and
etoposide (CDE), and (8) the oral regimen lomustine, etoposide, cyclophos-
phamide and procarbazine (Remick regimen),?” concurrent use of cART, and
supportive use of granulocyte—colony-stimulating factor (G-CSF). Additionally,
we grouped the chemotherapeutic regimens based on their relative intensity
compared with CHOP for parts of the analysis as follows: less dose-intense
regimens (VS, Remick regimen, modified, and/or low-dose CHOP) and dose-
intense regimens (ACVBP and intensive regimens). The regimens EPOCH
and CDE were also described as infusional regimens throughout the
manuscript in contrast to all other regimens that are either given as bolus or
orally. All estimates in the multivariate model were adjusted for covariates
including age, gender, histological subtype (diffuse large B-cell lymphoma
[DLBCL], Burkitt [BL], or Burkitt-like lymphoma [BLL], or other
lymphomas), age-adjusted international prognostic index (aalPI), CD4
count at baseline (< or =50 cells/uL), prior history of AIDS, enrollment
period (years 1989-1995, 1996-1997, 1998-2000, 2001-2004, 2005-2010),
rituximab use, and type of chemotherapy. OS was the primary outcome
because it allows examination of net benefit of treatment combining
efficacy and toxicity, whereas PFS and CR rate were considered secondary
outcomes as they are mainly outcomes for examination of treatment
efficacy. To examine possible differential associations between treatment
factors and multiple causes of death, we used a polytomous regression model
for nominal outcomes.”® We used the following categories to define cause of
death: treatment-related mortality (TRM; any death from causes other than
lymphoma that were judged by the PI to be possibly or probably associated
with therapy), progressive disease (PD; death secondary to lymphoma
progression or relapse); HIV (death due to nonmalignant complications of
HIV disease), and other (all other causes of death, such as second malignancies,
accidental death).

We evaluated assumptions for all statistical models and found none were
violated. We considered P < .05 as statistically significant; all statistical tests
were 2-sided. We quoted 95% confidence intervals (95% Cls) whenever
applicable. We used SAS software, version 9.2 (SAS Institute, Cary, NC) for
statistical analysis. Missing data for continuous variables with heavy missing
was imputed using multiple imputations, and P values were generated with
the MIANALYXE procedure in SAS, but not for the subset analyses.

Results
Trials and patient characteristics

After reviewing the trials identified in the literature search, 42 trials
were considered eligible. We were able to obtain patient-level data
for 19 trials including 1546 patients (Figure 1). A median of 61
patients were enrolled per trial (range, 14-467), with 1 trial providing
data on nearly one-third of the patients (Mounier et al*’; n = 467).
All trials were phase II clinical trials except for 2 phase Il trials.'®
Details of the characteristics of the included trials are listed in
Table 1. Supplemental Table 1 on the Blood Web site details the
excluded trials. The reasons for exclusion were as follows: duplicate
data with another study already included (n = 1); unpublished data
at the time of the analysis that was not released by the PI (n = 2);
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Figure 1. Diagram documenting the flow of in- Identification:
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formation through the different phases of the
systematic review as per the PRISMA statement.®

database searching:

Number of records identified through

Number of additional records identified
through other sources:

Cochrane Review: n=26
PubMed: =
Eumbba:g: :jggo Cpn_ference Abstracts: n=13
Bibliography: n=8
[ |
Screening: ‘1,
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Eligibility: l
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Number of full-text articles assessed for Duplicate Patient data: n=1
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Unable to obtain primary patient
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Included: ll

Number of trials included in the final analysis: n=19

unsuccessful attempts at contacting the PI (n = 7); and the PI was
unable to provide the patient data (n = 13). Demographic data and
clinical characteristics of all 1546 patients are described in Table 2.
The majority of patients (75%) were enrolled in the cART era.
Most were men (84%), had DLBCL (69%), were intermediate-high
or high risk (69%) by the age-adjusted IPI, and had a CD4 count
=50 cells/pL (86%). Regarding treatment, rituximab was used in
35%, and the most common regimens included CHOP (41%), less
dose-intense regimens (16%), infusional regimens (EPOCH in 11%,
CDEin 12%), and the dose-intense regimens ACVBP/LNHIV91 and
intensive regimens (10% each).

Rituximab and outcomes

Table 3 shows the results of the univariate and multivariate analyses
in which we correlated treatment factors with clinical outcomes (CR,
PFS, and OS) for all patients. In univariate analysis, the use of
rituximab was strongly associated with improved outcomes: CR rate
(OR 2.49,95% CI 1.98-3.15; P < .001), PFS (HR 0.53,95% CI 0.44-
0.63; P < .001), and OS (HR 0.43, 95% CI 0.37-0.51; P < .01), as
also demonstrated in Figure 2. After adjustment for age, gender,
baseline CD4 count, histological subtype, age-adjusted IPI, enroll-
ment period, use of cART, prior history of AIDS, and chemother-
apeutic regimen in the multivariate model, rituximab use remained
significantly associated with improved outcomes, including CR rate
(OR 2.89,95% C11.64-5.08; P < .001), PFS (HR 0.50,95% C10.34-
0.73; P < .001), and OS (HR 0.51, 95% CI 0.38-0.71; P < .0001).
We found a significant interaction between CD4 count =50 cells/nL
and rituximab for all 3 outcomes. Rituximab use was only signifi-
cantly associated with improved outcomes for patients with CD4
counts =50 cells/pL (OR for CR = 2.84,95% CI 1.60-5.02; P < .001;
HR for PFS = 0.48,95% C10.32-0.72; P < .001; HR for OS = 0.55,
95% CI 0.39-0.77; P < .001), but not if the CD4 count was <50
cells/p.L. To further examine if the lack of significant finding among
patients with a CD4 count <50 cells/n.L was a result of limited sample
size, we calculated the statistical power to identify the same
effects sizes on CR, PFS, and OS that we observed among patients with

CD4 >50 cells/nL and obtained >90% power for each outcome with
a 2-sided type I error rate <5%.

Chemotherapy regimen and outcomes

Using CHOP as reference, we compared the effect of the choice of
initial chemotherapeutic regimen while adjusting for rituximab
use. Treatment with the less dose-intense regimens (dose-reduced or
modified CHOP, vincristine/steroids, Remick regimen) was associ-
ated with significantly inferior clinical outcomes in both univariate
and multivariate analysis except for the Remick regimen. The oral
Remick regimen resulted in lower CR rates (OR 0.32, 95% CI10.16-0.64;
P = .001) and a worse OS on univariate analysis (HR 2.48, 95% CI
1.72-3.47; P < .001), but not in the multivariate model. In contrast,
both the dose-intense ABCVP-based regimens and other intensive
regimens generally resulted in improved outcomes, although this did
not always reach statistical significance. The infusional regimen
CDE was in univariate analysis associated with a reduced CR rate
(OR 0.54, 95% CI 0.39-0.75; P < .001); however, this association
was diminished in the multivariate model. Instead, CDE was found
significantly associated with improved OS in the multivariate model
(HR 0.49, 95% CI 0.23-0.95; P = .048). Infusional EPOCH had
a higher CR rate (OR 1.73, 95% CI 1.17-2.57; P < .001) and
improved PFS (HR 0.57, 95% CI 0.41-0.79; P < .001) and OS
(HR 0.59, 95% CI1 0.44-0.76; P < .001) in the univariate model, but
not when adjusted for other covariates, including use of rituximab, in
the multivariate model.

Concurrent use of antiretroviral therapy

When comparing the influence of supportive care measures, the
concurrent use of cCART with chemotherapy was associated with
significantly higher CR rates and OS on univariate analysis, but this
association only remained significant for a higher CR rate (OR 1.89,
95% C11.21-2.93; P = .005) and a trend toward better OS (HR 0.78,
95% CI 0.60-1.02; P = .07) after adjustment in the multivariate
model. When the multivariate model was restricted to patients
treated in the cART era (after 1995), we found similar results (OR for
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Table 2. Demographics and characteristics for all 1546 patients included in the pooled analysis

Rituximab

Baseline characteristics All patients No (N = 1004) Yes (N = 542) P
Age in years, median (range) 40 (18-76) 38 (18-73) 42 (20-76) <.001
Gender, n (%)

Male 1228 (84) 804 (87) 424 (78) .011
Histology, n (%)

BL/BLL 399 (26) 251 (25) 148 (27)

DLBCL 1059 (69) 680 (68) 379 (70)

Other 88 (6) 73 (7) 15 (3)
Age-adjusted IPI, n (%)

0 151 (12) 104 (12) 47 (11) .85

1 384 (29) 249 (29) 135 (31)

2 519 (40) 344 (40) 175 (40)

3 250 (19) 165 (19) 85 (19)
Treatment, n (%)

Intensive regimen 155 (10) 77 (7) 78 (14) <.001

CHOP 632 (41) 391 (39) 241 (44)

Low-dose CHOP 165 (11) 165 (16) 0

EPOCH 166 (11) 17 (2) 149 (27)

VS 41 (3) 41 (4) 0

ACVBP/LNHIV91 158 (10) 158 (16) 0

CDE 191 (12) 117 (12) 74 (14)

Remick regimen 38 (2) 38 (4) 0
GCSF, n (%) 1467 (99) 986 (98) 481 (100) <.001
Concurrent cART, n (%) 779 (52) 423 (43) 356 (69) <.001
CD4 count, cells/uL (median; IQR) 248 (101-652) 334 (120-1200) 179 (74-330) <.001
Viral load, copies/pL (median; IQR) 23 801 (600-160 000) 42 000 (930-190461) 17 420 (442-145000) .084
History of prior AIDS 480 (38) 302 (37) 178 (39) 429
CD4 <50 cells/pL, n (%) 207 (14) 120 (13) 87 (17) .025
Enroliment date (year)

89-95 388 (25) 388 (39) 0 <.001

96-97 298 (19) 298 (30) 0

98-00 396 (26) 256 (26) 140 (26)

01-04 282 (18) 49 (5) 233 (43)

05-10 182 (12) 13 (1) 169 (31)
Median follow-up, years (IQR) 1.2 (0.4-4.4) 0.9 (0.4-4.0) 2.3 (0.6-4.6) <.001
CR, n (%) 791 (57) 427 (49) 364 (71) <.001
Progression, n (%) 625 (40) 460 (46) 165 (30) <.001
Survival,* n (%) 650 (43) 303 (32) 347 (64) <.001

*Patients alive at the end of follow-up.

CR rate 1.84,95% CI 1.17-2.89; P = .008; HR for OS 0.81, 95% CI
0.62-1.06; P = .12). We compared the effect of rituximab in
concurrent cART users and in patients not using cART concurrently
with chemotherapy, and neither clinically meaningful nor statisti-
cally significant differences between the groups were identified. As
the use of G-CSF was nearly ubiquitous throughout the studies, no
meaningful comparison could be performed.

Treatment of DLBCL and BL/BLL

When we limited our analysis to only patients diagnosed with
DLBCL, treatment with EPOCH resulted in improved OS compared
with CHOP on univariate analysis (Figure 3A) and in the multi-
variate model (HR 0.33, 95% CI 0.11-0.85; P = .031). This as-
sociation was similar when the analysis was limited to patients
treated with rituximab (R-EPOCH vs R-CHOP; Kaplan-Meier anal-
ysis: log-rank P = .09; Figure 3B), but was of borderline statistical
significance in the multivariate model (HR 0.34, 95% CI 0.11-0.97;
P = .05). When we combined all infusional regimens (EPOCH and
CDE), this resulted in a statistically significant OS benefit on multi-
variate analysis with adjustment for rituximab use (HR 0.72, 95%
CI 0.52-0.99; P = .046).

In the subset of patients with either BL or BLL, treatment with
either ABCVP/LNHIVI1 or intensive regimens showed improved
PFES in favor of the dose-intense regimens (HR 0.25, 95% CI
0.08-0.85; P = .03) when compared with the infusional regimens
CDE or EPOCH. However, no difference in CR rate (P = .8) or
OS (P = .28) between dose-intense and infusional regimens was
observed in the multivariate model. The numbers became too small
for meaningful analysis when the model was restricted to rituximab-
treated patients only.

Effect of treatment on mortality from lymphoma,
treatment-associated complications, and all-causes

In Table 4, we show the associations of treatment factors and causes
of death. After adjusting for age, gender, history of AIDS, time of
enrollment, type of lymphoma, age-adjusted IPI, rituximab use, and
type of chemotherapy, we found that the less dose-intense (PD: OR
1.75,95% CI11.29-2.37; P < .001) and infusional (PD: OR 1.54,95%
CI1.12-2.11; P = .008) chemotherapeutic regimens were associated
with an increased risk of dying of progressive lymphoma compared
with CHOP. The infusional regimens EPOCH and CDE were
combined for this analysis because of the low number of events in the
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Figure 2. Kaplan-Meier plots comparing the OS for patients treated with rituximab-containing regimens vs non-rituximab-containing regimens.

EPOCH-treated patients. Treatment with infusional regimens was
associated with markedly less TRM compared with CHOP (TRM:
OR 0.28,95% CI1 0.14-0.57; P < .001); conversely, a higher risk for
death from disease progression or relapse was seen (OR 1.54,95% CI
1.12-2.11; P = .008).

Treatment with rituximab-containing regimens was associated
with a reduced risk of death secondary to TRM (OR 0.68; 95% CI
0.39-0.91; P = .09), progressive lymphoma (OR 0.30,95% CI10.21-
0.41; P < .001), and other causes of death (OR 0.38; 95% CI 0.20-
0.69; P = .002).

Death secondary to HIV-related causes was not significantly
different between patients treated with or without rituximab-containing
regimens (OR 0.58, 95% CI 0.30-1.12; P = .14). When the
relationship between baseline CD4 count and causes of mortality
was examined, there was no association between CD4 count and
death due to treatment toxicities (TRM) or progressive lymphoma.
We could demonstrate that the baseline CD4 count at the time of
lymphoma diagnosis was significantly associated with subsequent
death due to HIV-related causes. This association was strongest for
patients with baseline CD4 counts <50 cells/p.L, for whom the odds
of dying of nonmalignant complications of HIV were reduced by
26% for every 10 cell/nL CD4 count increase (OR 0.74; 95% CI
0.57-0.97; P = .03) and by 4% per 10 cells/pL increase for patients
with a CD4 count =200 (OR 0.96, 95% CI10.92-0.99; P = .02). This
association was not significant for patients with a CD4 count
between 50 and 199 cells/pL.

Discussion

We performed a pooled analysis of patient level data from 1546
patients with HIV-associated lymphoma enrolled in 19 clinical

trials identified by systematic literature review. Our objective was
to determine whether specific treatments were associated with
better outcomes after adjustment for baseline covariates. Although
this approach does not provide level 1 evidence supporting a
specific treatment approach, it does provide level 2b evidence
that may be useful in guiding treatment decisions given the dearth
of level 1 evidence regarding the treatment of HIV-associated
NHL.*

We made several important observations from this analysis.
First, we found that the addition of rituximab to any chemotherapy
backbone was associated with a nearly threefold increase in the CR
rate and 50% reduction in the risk of progressive lymphoma or death
from any cause. This is consistent with the overwhelming evidence
indicating a beneficial effect of rituximab in immunocompetent
patients with NHL. It is also reassuring given that the only phase Il
trial evaluating rituximab in HIV-associated NHL failed to show
improved outcomes with the addition of rituximab; although the risk
of death from lymphoma was reduced by rituximab in that trial, this
was offset by an increased risk of infectious deaths in the rituximab
arm that occurred almost exclusively in patients with a low baseline
CD4 count of <100/p.L.! 8 This is consistent with our observation that
the rituximab benefit appears limited to patients with a CD4 count
=50/pL. Second, the use of rituximab in this analysis was not
associated with an increased risk of death due to treatment toxicities
or HIV-related complications. Third, more dose-intense chemother-
apy regimens (the multiagent dose-intense intensive regimens
and ACVBP-based regimens) resulted in better clinical outcomes
compared with treatment with CHOP in patients with the more
aggressive BL or BLL. Moreover, for the most common lymphoma
(DLBCL), OS was improved with infusional EPOCH therapy
compared with CHOP. However, this analysis was limited by low
patient numbers. Fourth, although immunocompetent patients with
BL generally benefit from more intense chemotherapy regimens, in
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Figure 3. Kaplan-Meier plots comparing OS for patients with DLBCL treated with EPOCH vs CHOP and R-EPOCH vs R-CHOP. (A) HIV-positive patients with newly
diagnosed DLBCL treated with infusional EPOCH (dashed line) achieved significantly longer OS than patients treated with CHOP (solid line; P = .016). (B) This was also seen
when the analysis was limited to patients with DLBCL treated in the rituximab era, where treatment with R-EPOCH (dashed line) compared favorably to treatment with

R-CHOP (solid line; P = .087).

our analysis, the dose-intensive regimens did not result in an OS
advantage compared with the less toxic infusional regimens
EPOCH and CDE. Finally, patients who were using cART con-
currently with induction chemotherapy experienced higher CR
rates and a trend toward improved OS compared with patients
who did not take cART during the initial treatment phase.
Whether infusional chemotherapy is superior to bolus regi-
mens is a question that is currently under investigation in an on-
going phase III trial that compares R-CHOP with R-EPOCH in

immunocompetent patients with DLBCL (CALGB50303; clin-
icaltrials.gov NCT00118209). Infusional regimens, such as EPOCH
or CDE, were initially developed based on the hypothetical principle
that highly proliferative tumors are more susceptible to prolonged
continuous exposure to chemotherapeutic agents by overcoming
kinetic resistance, and that prolonged infusion of cytotoxic therapy
provides greater opportunity for therapeutic synergy with rituximab.
At the same time infusional regimens are less toxic than commonly
used high-dose multiagent regimens.** Although death secondary

Table 4. Associations of rituximab use, type of initial chemotherapeutic regimen, and baseline CD4 count with cause of death (polytomous

model)
Cause of death (OR; 95% CI; P)
Factors Death from all causes TRM (n = 180) PD (n = 457) HIV (n = 57) Other (n = 91)
Non-rituximab use (n = 898) 595 Reference Reference Reference Reference
Rituximab use (n = 537) 190 0.68 (0.44-1.06; .09) 0.30 (0.21-0.41; <.001)  0.58 (0.30-1.12; .11)  0.38 (0.20-0.69; .002)
Chemotherapy regimen
CHOP (n = 614) 321 Reference Reference Reference Reference
Infusional regimens (EPOCH, n = 145; 41 0.28 (0.14-0.57; <.001)  1.54 (1.12-2.11; .008) 0.64 (0.28-1.49; .30) 1.53 (0.83-2.83; .18)
CDE, n = 184)
Dose-intense regimens (n = 312)* 162 1.24 (0.82-1.88; .30) 0.90 (0.66-1.22; .49) 1.85 (0.87-3.93; .11)  0.76 (0.35-1.62; .47)
Less dose-intense regimens 153 1.26 (0.77-2.06; .37) 1.75 (1.29-2.37; <.001)  0.14 (0.02-1.07; .06)  0.56 (0.22-1.41; .22)
(n = 180)t
Baseline CD4 count (cells/pL)}
<50 (n = 175) 124 0.96 (0.80-1.16; .68) 1.04 (0.91-1.19; .53) 0.74 (0.57-0.97; .03)  0.96 (0.76-1.22; .75)
50-199 (n = 373) 217 0.97 (0.93-1.00; .08) 0.99 (0.96-1.02; .42) 1.00 (0.93-1.08; .93)  0.96 (0.91-1.01; .13)
=200 (n = 829) 413 1.00 (1.00-1.00; .97) 1.00 (1.00-1.00; .68) 0.96 (0.92-0.99; .02)  1.00 (0.99-1.00; .14)

The model was adjusted for age, gender, history of AIDS, time of enrollment, type of lymphoma, and aalPI.

*Dose-intense regimens are intensive regimens and ACVBP.

tLess dose-intense regimens are VS, low-dose or modified CHOP, and the Remick regimen.

}Change in OR as per 10-unit increase of CD4 count.
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to lymphoma was more common in patients treated with infusional
regimens, toxicity-related death was less common. Although un-
expected, given the high reported CR rates with EPOCH in 2 National
Cancer Institute (NCI)-led studies,>®>° this result could have been
influenced by our need to combine EPOCH and CDE in the analysis
of infusional regimens secondary to small numbers. Another pos-
sibility is that the advent of rituximab might have offset some of the
benefit of the infusional regimens over CHOP. Nevertheless, our
findings support continued evaluation of continuous infusion
approaches in combination with rituximab.

Our finding that concurrent cART is associated with improved
clinical outcomes is consistent with other studies evaluating the
role of continuous vs intermittent cART.*> Although concurrent
use of chemotherapy and cART poses the risk of potential drug-
drug interactions or overlapping toxicities, this appears to be offset
by better HIV control and fewer infectious complications and
AIDS-defining events. Experience derived from the treatment of
other AIDS-defining illnesses, such as Pneumocystis jirovecii
pneumonia and tuberculosis, show that prompt initiation of cART
in antiretroviral-naive patients leads to better clinical outcomes
compared with deferred initiation.***® Our findings also demonstrate
evidence for better outcomes with concurrent cART and support its
use even during induction chemotherapy for AIDS-related lympho-
mas (ARLSs).

With patient-level data for >1500 patients from most major
prospectively performed clinical trials for patients with ARLs in
Europe and the United States, our study represents the largest and
most comprehensive analysis of factors influencing outcomes for
HIV-positive patients newly diagnosed with aggressive NHL to date.
Although meta-analyses in the past have attempted to examine
heterogeneity in treatment effects, such as the use of rituximab, using
a fixed effects or a mixed effects model, the results were limited by
the fact that many trials were small, nonrandomized, and heteroge-
neous in many aspects such as supportive care, patient-eligibility
criteria, and interventions studied.’** It is important to recognize
that during the 20-year span of the included studies, different anti-
retroviral therapeutic eras and lymphoma classification systems were
used. Here we were able to diminish this bias first by using histological
classifications uniformly for purposes of our review that have been
consistently described in published studies based on the contemporary
classification schema at the time (DLBCL, BL, and BLL) and second
by adjusting all outcome measures equally for known important pro-
gnostic variables and other significant confounders, such as the time
of enrollment. Each patient was treated with standard state-of-the art
lymphoma and HIV care at the time of respective enrollment by
physicians experienced in the care of this patient population, which
accounts for a certain homogeneity.

Several limitations hamper our analysis. Although we adjusted for
enrollment time, certain unmeasured factors could still confound our
estimates, especially as the use of rituximab, more powerful antiret-
roviral therapy, and better supportive care measures, all increased over
time in a collinear fashion. Missing data might have led to imprecise
estimates (although multiple imputation was used to address im-
precision due to random missing), as well as reclassification errors for
histological subtypes necessitated by changes in the histological clas-
sifications for NHL over the last 2 decades. Additionally, histological
diagnosis was not centrally reviewed or confirmed. Outcomes, such as
CR, PFS, and treatment-related deaths, might have been defined slightly
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differently in each study, which could account for some inaccuracy.
The outcome CR is especially problematic, as achievement of CR
was neither uniformly defined or assessed in the different studies, nor
centrally verified. This bias, however, should not affect our results for
the main measure of clinical benefit, OS. Although we were not able
to obtain data for 23 studies, these studies were generally small
(18 of 23 trials had <50 patients enrolled; the largest trial [n = 159]
contained duplicate data with a trial included in our analysis) or
conducted in the pre-cART era often using outdated treatment that
mostly did not contain rituximab (21 of 23). Last, because of small
numbers, some chemotherapeutic regimens had to be combined in
the subset analyses, which may have led to some difficulties in the
interpretation of the results.

In conclusion, our results support the benefit of rituximab,
infusional regimens, and cART in the treatment of AIDS-related
lymphomas. Ongoing prospective clinical trials address the im-
portant questions of which regimen should become the standard
of care for any patient with DLBCL (CALGB50303) and BL
(AMCO048 and NCI#9177). Until such definitive evidence is available,
the presented results can serve as supporting evidence for current
patterns of care. In the interim, treatment decisions for individuals
with HIV-associated lymphomas should be guided by experienced
physicians or specialized centers.
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