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A B S T R A C T

Purpose
Infusional chemotherapy is efficacious in patients with AIDS-related lymphoma, but it may be
difficult to administer. We studied standard agents with rituximab plus pegylated liposomal
doxorubicin (DR-COP) in an attempt to provide a more practical approach to therapy while
ascertaining rates of response, potential infectious complications, and prognostic role of bio-
logic markers.

Patients and Methods
We conducted a prospective, multi-institutional phase II trial, employing (day 1) pegylated
liposomal doxorubicin 40 mg/m2, rituximab 375 mg/m2, cyclophosphamide 750 mg/m2, vincristine
1.4 mg/m2 (not � 2 mg), and prednisone 100 mg orally on days 1 through 5, with concomitant
antiretroviral therapy.

Results
In 40 evaluable patients, median CD4 cells was 114/�L (range, 5 to 1,026/�L), and median HIV-1
viral load (VL) was 25,000 copies/mL. High or intermediate/high age-adjusted International
Prognostic Index was present in 28%. Overall response was 67.5%, with complete remission in
47.5% (95% CI, 31.5 to 63.9). Of 19 complete responders, 84% had extranodal disease, 47% had
CD4 � 100/�L, and 47% had VL � 50,000 copies/mL; one relapsed. With 25.5-month median
follow-up, 62% (95% CI, 44 to 75) of patients remain alive. Sixteen patients (40%) experienced 22
infections, with grade 4 in only two (5%). No patient died as a result of infection during treatment;
one had opportunistic infection.

Conclusion
Profound immunodeficiency and high HIV-1 viral load do not preclude attainment of complete
response after DR-COP with highly active antiretroviral therapy. The regimen is tolerable, and
use of rituximab was not associated with death as a result of infection during treatment. This
approach may be useful in patients in whom the more intensive infusional regimens
are impractical.

J Clin Oncol 31:58-64. © 2012 by American Society of Clinical Oncology

INTRODUCTION

HIV infection has been altered by highly active anti-
retroviral therapy (HAART), leading to a substantial
decrease in AIDS-defining conditions,1,2 including
AIDS-related lymphoma (ARL).3,4 HAART has also
been associated with a remarkable prolongation of
survival in patients with ARL.5,6

Despite these advances, optimal therapy for ARL
has not yet been defined. Although R-CHOP (ritux-
imab, cyclophosphamide, doxorubicin, vincristine,

and prednisone) is highly effective in HIV-negative pa-
tients with diffuse large B-cell lymphoma (DLBCL),7,8

outcome is inferior with HIV.9 This suboptimal re-
sponse may be related to treatment delays resulting
from intercurrent illnesses or to chemotherapy
resistance, mediated by various mechanisms, in-
cluding p-glycoprotein, the protein product of
the multidrug resistance 1 gene (MDR-1).10-12

In HIV-negative lymphoma, MDR-1 expression is
seen at diagnosis in � 20%, increasing to � 50% at
time of relapse.13,14 By contrast, in 50 patients with
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ARL, 66% expressed MDR-1 at diagnosis, correlating with a lower rate of
complete remission (CR) when compared with MDR-1–negative pa-
tients.15 Protease inhibitors, an important component of multiple
HAART regimens, may serve as both substrates and inducers of MDR-1,
providing a potential explanation for these differences.16,17

Infusional chemotherapy may overcome MDR-1 by providing
continuous, intracellular entry of chemotherapeutic agents despite
subsequent efflux. In this regard, the infusional EPOCH (etoposide,
prednisone, vincristine, cyclophosphamide and doxorubicin hydro-
chloride) regimen is quite effective in ARL.5,6,18,19 Nonetheless,
EPOCH requires indwelling intravenous lines, infusion pumps, and
either hospitalization or multiple outpatient visits each cycle for deliv-
ery of 4-day infusions.

Doxorubicin is one of the most active agents in DLBCL,20 but it is
a substrate for p-glycoprotein. In vitro, liposomal encapsulation of
doxorubicin can overcome excessive drug efflux resulting from MDR-
1.21,22 In a phase I/II trial, liposomal doxorubicin together with stan-
dard agents was tested in 24 patients with newly diagnosed ARL,
resulting in CR of 75%.23 The regimen was equally effective in MDR-
1–positive and –negative patients, suggesting that efficacy could be
related to the ability of liposome-encapsulated doxorubicin to over-
come excessive MDR-1–induced drug efflux.

The current study was undertaken to determine if pegylated
liposomal doxorubicin, added to standard agents, would result in
efficacy similar to that reported with infusional regimens. If a CR rate
of � 60% was achieved, formal phase III testing against R-EPOCH
would occur, and if found noninferior, the less complex regimen
would likely be favored. We also assessed the potential toxicity of
rituximab in terms of infections, as well as the prognostic significance
of various biologic markers.

PATIENTS AND METHODS

Treatment Regimen

Pegylated liposomal doxorubicin 40 mg/m2 (Doxil; Manufactured for
Centocor Biotech Products [Raritan, NJ] by Ben Venue Labs [Bedford, OH])
was administered intravenously (IV) on day 1, with IV rituximab 375 mg/m2,
IV cyclophosphamide 750 mg/m2, IV vincristine 1.4 mg/m2 (not � 2 mg), and
100 mg of oral prednisone, on days 1 through 5 of each cycle, repeated every 21
to 28 days. CNS prophylaxis was mandated in patients with involvement of
bone marrow, testis, sinuses, or epidural regions and with stage IV and/or �
two extranodal sites, with specific regimen left to physician discretion.

Supportive Therapy

Granulocyte colony-stimulating factor, granulocyte-macrophage
colony-stimulating factor, or pegfilgrastim was started on day 3 of each cycle
and continued until beyond nadir of blood counts. Erythropoietic growth
factor support occurred at physician discretion. Prophylaxis against Pneumo-
cystis carinii was required. Oral quinalones were required with CD4 cell
counts � 100/�L at entry or during treatment and with absolute neutrophil
count � 500/�L. HAART was required, with specific regimen left to physician
discretion. Zidovudine was prohibited.24

Inclusion Criteria

Patients were HIV infected, age � 18 years, had Karnofsky perfor-
mance status of � 50% or Eastern Cooperative Oncology Group score of 0,
1, or 2, and had previously untreated, histologically documented, CD20�
B-cell lymphoma as diagnosed at the treating site, including: follicular
large-cell (grade 3), DLBCL, immunoblastic, plasmablastic, or primary
effusion lymphoma. Burkitt’s lymphoma, primary CNS, and leptomenin-
geal lymphoma were excluded.

All stages were allowed, with adequate organ function and no history of
myocardial infarction. Patients with history of cutaneous or mucocutaneous
disorders, causing hospitalization or inability to eat or drink for � 2 days, were
excluded because of risk of cutaneous reactions to rituximab.25 Women had
negative pregnancy tests. Institutional review board approval was required, as
was signed consent.

Baseline and Follow-Up Evaluations

Medical history, physical examination, ECG, HIV-1 RNA level, CD4 and
CD8 counts, routine chemistries, and complete blood count were required at
baseline and before every cycle, and quantitative immunoglobulins and assess-
ment for hepatitis C and B viruses were required every other cycle. Computed
tomography (CT) scan or magnetic resonance imaging (MRI) of chest, abdo-
men, and pelvis was required at baseline and every two cycles. Bone marrow
biopsy or aspirate was required. Positron emission tomography (PET) or
PET/CT was not required. One month after completion of chemotherapy,
these studies were repeated to confirm response.

Chemotherapy was administered two cycles beyond documentation of
CR. Patients attaining partial remission (PR) after six cycles or stable disease
(SD) after four cycles were withdrawn. Patients with progressive disease (PD)
were withdrawn at PD and then observed for 12 weeks for safety. After treat-
ment, interim history, physical examination, and blood work were performed
every 2 months (year 1) and every 6 months (for 2 more years), with CT or
MRI every 6 months.

Definition of Response

Radiographic responses were based on CT or MRI. CR required
disappearance of all evidence of disease. PR required � 50% decrease in the
sum of the greatest diameters of the six largest masses, no increase in other
nodes, liver, or spleen, and regression of splenic or hepatic nodules by �
50%, without new disease. SD was less than PR, without progression. PD
required 50% increase from baseline or nadir in total tumor size of previ-
ous masses and/or appearance of new lesions. Recurrence or relapse was
appearance of lymphoma after CR. Time to progression was time from
chemotherapy initiation to first progression. Response duration was time
from first response to first progression.

Pathology and Immunohistochemistry

Central pathology review was performed, along with review of all site
reports. Patients were eligible with a diagnosis of DLBCL from the treating
institution. As per protocol guidelines, data from all 40 eligible patients were
included in response and toxicity assessments, even if central pathologic re-
view did not confirm the original diagnosis. Immunohistochemical studies
were performed as previously described, using monoclonal antibodies to CD-
10, BCL-2, BCL-6, MUM-1, and FOXP1.26 PRDM1/BLIMP-1 (3H2E8; Santa
Cruz Biotech, Santa Cruz, CA) and Ki-67 (MIB-1; DakoCytomation, Carpen-
teria, CA) were also evaluated. Epstein-Barr Virus Probe ISH Kit (Leica Mi-
crosystems, Wetzlar, Germany) was used for in situ hybridization for Epstein-
Barr virus (EBV) RNA (EBER). Patients were positive when � 20% neoplastic
cells were immune reactive, except: BCL-2 positivity was � 50% of cells with
moderate to strong positivity, and FOXP1 positivity required moderate to
bright staining in � 80% tumor cell nuclei. Nuclear Ki-67 expression was
semiquantitative, as percentage of positive tumor cells. Hybridization signal
in � 50% neoplastic cells defined EBV EBER positivity. Patients with adequate
tissue were categorized as germinal center B cell–like (GCB) versus non-GCB
according to Hans algorithm.27 Full immunohistochemical characterization
was compromised because of exhaustion of diagnostic tissue.

Study Design and Statistical Considerations

This was a nonrandomized, single-arm, phase II study. Forty patients
were felt sufficient to test the null hypothesis that the CR rate was 0.40 against
the alternative of 0.60, at the one-sided .10 significance level, with power of
0.87. Forty-four enrolled patients would allow for 10% dropout.

Binomial proportions and 95% CIs were used to describe CR and overall
response rates.28 Kaplan-Meier methods were used for duration of response,
EFS, and overall survival times. Binomial proportions were used to estimate
proportion of patients with infection.28,29
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Cox proportional hazards model evaluated the relationship between
response and survival. Wilcoxon rank sum test compared patients who devel-
oped infection with those who did not, with respect to baseline CD4 lympho-
cyte count and HIV-1 viral load.29

RESULTS

Demographic Characteristics

Forty-three patients were accrued. One was never treated, one
was erroneously removed after one cycle, and one was ineligible. Forty
patients are reported. Median age was 44 years (range, 21 to 68 years).
Thirty were men; 15 (38%) were African American, and 10 (25%)
were Hispanic.

HIV-Related Characteristics

Entry median CD4 cell count (n � 38) was 114/�L (range, 5 to
1,026/�L). Median HIV-1 viral load (n � 39) was 25,000 copies/mL
(range nondetectable to 9,276,210 copies/mL).

Lymphoma Characteristics

Lymphoma characteristics are listed in Table 1. DLBCL was di-
agnosed by the site pathologist in 39 patients, and lymphoma, not
otherwise specified, was diagnosed in one. Central pathologic review
was retrospectively accomplished in 33 patients; attempts to collect the
remaining seven patient cases were unsuccessful. DLBCL was present
in 23 patients; aggressive/high-grade lymphoma, not otherwise speci-
fied, in 1; B-cell lymphoma intermediate between DLBCL and
Burkitt’s in one; and Burkitt’s lymphoma in one. Follicular hyperpla-
sia with a clonal B-cell population was diagnosed in one patient, from
a nondiagnostic specimen submitted. Diagnostic material available
for the remaining six was insufficient. Evaluation of GC cell origin was
feasible in 16 patients; GC was found in 11. EBV status was positive in
six of 28 patients. BCL-2 was positive in 13 of 28 patients. Stage III or
IV disease was confirmed in 82% of patients, with � two extranodal
sites in 15 (37.5%). Eleven patients (28%) had high or intermediate/
high age-adjusted International Prognostic Index scores.30

Therapy Administered and Reasons for Early

Protocol Withdrawal

A median of six cycles was administered (range, one to eight).
Seventeen patients completed all therapy, whereas 11 (27.5%) with-
drew early because of PD, and nine (22.5%) because of adverse events
(Table 2).

Infections and Adverse Events

Twenty-two infections were reported in 16 patients during ther-
apy (Table 3), including opportunistic infection (Mycobacterium
avium intracellulare [MAI]) in one and grade 4 infection in two
(abdominal and catheter-related infections). No patient died as a
result of infection while receiving therapy. Mucositis was diagnosed in
eight patients (all grade 1 or 2). Eight developed hand-foot syndrome
(grade 1 or 2 in six; grade 3 in two, causing protocol withdrawal in
these two; Table 4).

Response and Relapses After Protocol Therapy

The overall response rate was 67.5%, with 19 CRs (47.5%; 95%
CI, 31.5% to 63.9%) and eight PRs (20%). Thirteen patients experi-
enced no response (32.5%). With median follow-up of 25.5 months,
one CR patient relapsed.

Twenty-two patients met criteria for CNS prophylaxis, and 12
(54.4%) received it, consisting of intrathecal (IT) cytarabine in four,
methotrexate in three, cytarabine and methotrexate in three, lipo-
somal cytarabine in one, and IT hydrocortisone in one. Four patients,
none of whom attained CR, experienced CNS progression. One had
stage II disease, attained PR, and, as per protocol, received no prophy-
laxis, whereas the other three had multiple sites of extranodal lym-
phoma and had received IT methotrexate and/or cytarabine, three
times in two and once in the third.

Biologic Correlates of Disease

Of 11 patients with GC subtype of DLBCL, all were alive at 1 year,
versus 50% of those with non-GC sub-�type (P � .074; Table 5).

Characteristics of Complete Responders

Sixteen (84%) of 19 complete responders had extranodal disease,
and seven (37%) had multiple extranodal sites. The median CD4 cell
count was 180/�L (range, 39 to 824/�L), and nine (47%) had CD4
counts � 100/�L. Median HIV-1 viral load was 38,693 copies/mL
(range � 75 to 9,276,210 copies/mL). Nine CR patients (47%) had
viral loads � 50,000 copies/mL; three, � 100,000 copies/mL; and two,
� 1,000,000/mL at entry. The relationship between viral load and
response to therapy was not significant (P � .207). Of the 11 patients
with GC subtype, eight (73%) achieved CR, versus two (40%) of five
with non-GC subtype. GC subtype, EBER, and BCL-2 expression were
not statistically associated with CR. Central pathologic review was
accomplished in 18 of 19 complete responders. DLBCL was con-
firmed in 12, whereas one each had Burkitt’s lymphoma, aggressive
B-cell lymphoma, and B-cell lymphoma between DLBCL and
Burkitt’s. Three complete responders (including one reviewed as fol-
licular hyperplasia with clonal B-cell proliferation) had submission of
nondiagnostic material.

Survival and Causes of Death

With 25.5-month median follow-up, overall survival (OS) at 1
year was 70.3% (95% CI, 52.8 to 82.3), and at 2 years, it was 61.6%

Table 1. Baseline Disease Characteristics

Characteristic No. %

Ann Arbor stage
IE 2 5
II 4 10
IIE 2 5
III 6 15
IIIE 4 10
IV 22 55

Pathologic diagnosis
DLBCL 39 98
Other 1 2

Age-adjusted IPI risk category
0 15 37.5
1 14 35
2 10 25
3 1 2

Abbreviations: DLBCL, diffuse large B-cell lymphoma; IPI, International
Prognostic Index.
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(95% CI, 43.9 to 75.2; Fig 1). Progression-free survival at 1 year was
60.6% (95% CI, 43.4 to 74.1), and at 2 years, it was 52.1% (95% CI,
35.1 to 66.6). Median survival for CR has not been reached, whereas
that for PR was 9.5 months (range, 3 to � 27 months). OS of patients
with pathologically confirmed DLBCL was 71.4% (95% CI, 47.2 to 86)
at 1 year and 56.4% (95% CI, 32.8 to 74.5) at 2 years, with 2-year
progression-free survival of 49.3% (95% CI, 27.3 to 68.1).

Causes of death included progressive lymphoma in 14 patients
(35%), progressive multifocal leukoencephalopathy (PML) in one CR
patient, nonmalignancy complications of HIV in one CR patient, and
cardiac arrest in one. No patient experienced death resulting from
infection while receiving treatment, although three were removed
early because of MAI after cycle one, pneumonitis after cycle three,
and catheter-related infection after cycle five (Tables 2 and 3).

DISCUSSION

By substituting long-acting pegylated liposomal doxorubicin in a reg-
imen similar to R-CHOP,7,8 we hoped to improve outcome in newly
diagnosed ARL, while obviating the need for multiple-day continuous
infusions.5,6 Although well tolerated and associated with 62% 2-year
survival, DR-COP was associated with a CR rate of only 48%, inferior
to the 74% CR and 5-year survival of 73% first reported with infu-
sional EPOCH5 and the 80% 5-year survival with R-EPOCH.6 In the
AMC (AIDS Malignancy Consortium) 034 trial, in a multi-
institutional setting, EPOCH was associated with 70% 2-year survival

Table 2. Treatment Summary and Reasons for Protocol Termination

No. of Cycles
Completed

Reason for Termination

Total

Treatment
Completed Per

Protocol
Disease

Progression Adverse Event
Patient

Withdrawal Other

No. % No. % No. % No. % No. % No. %

1 0 1 1 0 1� 3 7.5
2 0 3 0 1 0 4 10
3 0 3 2 0 0 5 12.5
4 0 3 0 0 0 3 7.5
5 0 0 4 0 0 4 10
6 15 1 2 0 0 18 45
7 0 0 0 0 0 1 2.5
8 2 0 0 0 1† 2 5
Total 17 42.5 11 27.5 9 22.5 1 2.5 2 5.0 40 100

�Noncompliance.
†Delayed � 6 weeks.

Table 3. Summary of Infections During Protocol Therapy

Infection

CTCAE Grade
(No. of patients)

1 2 3 4 All

Abdominal — — — 1 1
Catheter related — — 2 1 3
Infections and infestations—other,

specify 1 3 — — 4�

Lung — — 1 — 1
Mucosal 3 2 — — 5
Nail 1 — — — 1
Rhinitis — 1 — — 1
Skin — — 1 — 1
Small intestine — — 1 — 1
Upper respiratory — 2 — — 2
Urinary tract — 1 1 — 2
All 5 9 6 2 22

Abbreviation: CTCAE, Common Terminology Criteria for Adverse Events.
�Toe inflammation (grade 2), clostridium difficile infection (grade 1), Myco-

bacterium avium intracellulare � (grade 2), infection with grade 3 or 4
neutropenia (grade 2).

Table 4. Specific Adverse Events Leading to Termination of Protocol Therapy

Cycle Patient Adverse Event Grade
Relationship to
Study Drugs

1 15 MAI infection 2 Unlikely
Dyspnea 4 Possible

3 26 Confusion 4 Unrelated
9 Pneumonitis 3 Unlikely

5 16 Anemia 2 Probable
Neutropenia 3 Probable
Thrombocytopenia 3 Probable

20 Catheter-related infection 4 Possible
10 Palmar-plantar erythrodysesthesia

syndrome 3 Definite
18 Neutropenia 3 Probable

6 12 Fatigue 3 Probable
24 Anorexia 3 Probable

Optic Nerve Disorder 4 Unrelated
Gait disturbance 2 Unlikely
Cognitive disturbance 2 Unrelated
Dizziness 2 Unrelated
Leukoencephalopathy 1 Possible
Peripheral motor neuropathy 3 Unlikely
Palmar-plantar erythrodysesthesia

syndrome 3 Probable

Abbreviation: MAI, Mycobacterium avium intracellulare.
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when rituximab was administered concurrently, and 67% when ritux-
imab was administered at the completion of all EPOCH infusions.18

Thus, the 2-year survival rate of 62% with DR-COP seems similar to
that of either concomitant or sequential R-EPOCH, as reported by the
AMC,18 although inferior to EPOCH or R-EPOCH, as reported by the
National Cancer Institute.5,6

Characteristics of complete responders were informative, in that
neither low CD4 cells nor high viral load precluded attainment of CR.
The median CD4 cell count at entry among complete responders was
180/�L, and 47% had CD4 cells � 100/�L, with 47% demonstrating
viral loads � 50,000 copies/mL; there was no statistically significant
relationship between viral load and response. The findings of EPOCH
and R-EPOCH from the National Cancer Institute were consistent,
because HAART was started only after completion of all cycles of
therapy; despite falling CD4 cells and rising HIV viral load during
chemotherapy, outcome was not compromised.5,6

Although most biomarkers were not associated with response,
we found a higher proportion of complete responses in GC versus
non-GC subtypes. The prognostic significance of DLBCL subclassifi-
cation in HIV-infected patients is controversial.26,31 Existing discrep-
ancies could be attributed to the various therapeutic modalities
employed or to the accuracy of GC subclassification by immunohis-

tochemistry versus gene expression profiling. It remains to be seen
whether use of new algorithms or molecular technologies will reliably
predict outcome in ARL.32,33

Median survival in the current study has not been reached, and
62% of patients remain alive at 2 years. The rather high rate of OS may
reflect the relatively short follow-up, or may indicate some improve-
ment when compared with CHOP/R-CHOP.9 Only three CR patients
have died (as a result of relapse, complications of PML, and compli-
cations of nonmalignancy HIV), and the median survival of PR pa-
tients is 9.5 months (range, 3 to � 27 months), indicating that some of
these PR patients may have had a better biologic response than indi-
cated by CT evaluations. PET scan results were not required for deter-
mination of response.

The phase III R-CHOP versus CHOP trial from the AMC re-
ported that rituximab-treated patients had a statistically increased rate
of death resulting from infection, even though R-CHOP was not
associated with higher rates of neutropenia, neutropenic infections, or
hypogammaglobulinemia.9 Rather, these deaths occurred among pa-
tients with severe immunocompromise. In the subsequent AMC
study of R-EPOCH,18 no increase in death resulting from infection
was apparent among rituximab-treated patients, similar to results
from others.33 Our study confirms the relative safety of rituximab
when administered with chemotherapy in ARL, because no patient
died as a result of infection during treatment, grade 4 infection oc-
curred in only two patients, and opportunistic infection (MAI) oc-
curred in only one patient (during cycle one), whereas another
developed PML 2 months after protocol completion. Prophylactic
antibiotics were mandated for patients with � 100/m3 CD4 cells, and
HAART was required, perhaps explaining the relative paucity of infec-
tions, despite low entry median CD4s (114/�L). Death resulting from
bacterial infection has been reported in HIV-infected patients with �
50/�L CD4 cells, without malignancy.35 Furthermore, PML and my-
cobacterium tuberculosis reactivation have been reported with ritux-
imab in the absence of HIV.36

Twenty-two patients were eligible for CNS prophylaxis per pro-
tocol, yet only 12 received it, and three of these 12 experienced CNS
along with extracranial progression. The only other CNS progressor
had localized disease, achieved PR, did not receive IT prophylaxis (per
protocol), and had no extracranial site of progression. Although ARL
remains a risk factor for CNS relapse, the efficacy of IT prophylaxis
remains unproven in this setting.37,38

A weakness of this study is that centralized pathologic review
confirmed the original impression of DLBLC in only 70% (23 of 33
reviewed). Nonetheless, inadequate tissue was received in six of these
33 patients, and CR occurred in three of the discrepant patient cases,
centrally diagnosed as Burkitt’s, aggressive B cell, and lymphoma
intermediate between DLBC and Burkitt’s, whereas in a fourth, re-
viewed as high-grade lymphoma, PR was attained. Furthermore,
when analyzing only those patients with DLBCL by central review,
data were similar, with 25-month survival of 56% versus 62% in the
40-patient protocol-eligible group. The protocol required eligibility
based on diagnosis made at the treating hospital, because rapid insti-
tution of therapy is often required. We found it difficult to obtain
tissue for central review because of small biopsies performed in an
attempt to avoid surgical procedures and exhaustion of diagnostic
tissue. Inconsistency of lymphoma diagnosis among pathologists is
well described,39,40 and use of more objective measures of diagnosis
will be important for future studies.

Table 5. Prognostic Significance of Biologic Markers

Marker
No. of

Patients

CR� CR � PR� 1-Year OS†

No. % P No. % P % P

BCL-2 1.000 .153 .384
Negative 15 9 60 14 93.3 73.3
Positive 13 7 53.9 9 69.2 72.7

EBER .354 .286 .282
Negative 22 14 63.6 19 86.4 76.2
Positive 6 2 33.3 4 66.7 60.0

GC/non-GC .300 1.000 .074
GC 11 8 72.7 9 81.8 100
Non-GC 5 2 40.0 4 80.0 50

Abbreviations: CR, complete remission; EBER, Epstein-Barr virus RNA; GC,
germinal center B cell–like; OS, overall survival; PR, partial response.

�Fisher’s exact test.
†Log-rank test.
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In summary, DR-COP is associated with 62% overall survival at
25 months, with almost half of complete responders initiating chem-
otherapy at CD4 counts � 100/�L and HIV viral loads � 50,000
copies/mL. Despite concurrent use of rituximab, no patient died as a
result of infection. This approach may be useful in patients for whom
more intensive infusional regimens are impractical.
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