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Objectives: CODOX-M/IVAC (cyclophosphamide, vincristine, doxorubicin-methatrexate/
ifusamide, etoposide, cytarabine) chemotherapy is commonly used to treat Burkitt
lymphoma and in the HIV-negative population. Rituximab is often added with
suggested survival benefits. Concerns over increased toxicity in an already immuno-
compromized population have prevented its routine addition in people living with HIV
(PLWH). This study evaluated the effect on treatment-related toxicity and efficacy of
adding rituximab to CODOX-M/IVAC chemotherapy in PLWH.

Design: Retrospective review of 91 PLWH (74 men) with Burkitt lymphoma treated in
five London centers between 2003 and 2013. All patients received combination
antiretroviral therapy.

Results: Forty-nine patients received CODOX-M/IVAC and 42 rituximab (R)-CODOX-
M/R-IVAC. The addition of rituximab did not confer any significant increase in grade 3/4
toxicities including infections, mucositis, diarrhea, renal impairment, and tumor lysis
syndrome. There was no significant difference in toxic deaths between groups (P¼0.14).
The 2-year overall survival (OS) was greater for patients receiving rituximab {2-year
OS 72% [95% confidence interval (CI) 0.22–0.92, hazard ratio 0.46] vs. 55% [95% CI
1.1–4.5, hazard ratio 2.2]; log-rank P¼0.04}. Similarly, the 2-year progression-free
survival (PFS) was greater in the rituximab cohort [2-year PFS 81% (95% CI 0.21–0.99,
hazard ratio 0.46) vs. 55% (95% CI 1.0–4.8, hazard ratio 2.2); log-rank P¼0.04].

Conclusion: Our multicenter analysis is the largest to date in this population and
showed that the addition of rituximab to CODOX-M/IVAC chemotherapy confers no
increase in toxicity and results in significantly improved OS and PFS in PLWH with
Burkitt lymphoma who receive concomitant combination antiretroviral therapy.
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Introduction R-CODOX-M/R-IVAC (n¼ 42) chemotherapy in five
Burkitt lymphoma is an uncommon aggressive non-
Hodgkin lymphoma (NHL), which occurs more frequently
in people living with HIV (PLWH) than in immuno-
competent patients, and is an AIDS-defining illness [1].
Treatment of Burkitt lymphoma in the HIV-negative
population focuses on intensive, short-duration chemother-
apy, yielding excellent results [2]. Historically, outcomes in
HIV-associated Burkitt lymphoma (HIV-BL) were poor,
especially in the era before combination antiretroviral therapy
(cART) [3]. Since the introduction of cART, standard
chemotherapy has been used in PLWH for both Hodgkin
lymphoma and diffuse large B-cell lymphoma (DLBCL),
achieving a similar overall survival (OS) as seen in HIV-
negative individuals [4,5]. Similarly, intensive regimes such as
CODOX-M/IVAC (cyclophosphamide, vincristine, dox-
orubicin-methatrexate/ifusamide, etoposide, cytarabine) and
HyperCVAD (hyperfractionated cyclophosphamide, vin-
cristine, doxorubicin, dexamethasone) are now increasingly
used to treat HIV-BL. However, the addition of rituximab
(R) in PLWH remains controversial. In the HIV-negative
population, rituximab is often added to CODOX-M/IVAC
chemotherapy with no evidence of increase in toxicity [6–8]
and suggestions of improved survival [9], although there has
been no randomized study that has addressed this specifically.
The largest prospective studyof Burkitt lymphoma treatment
saw patients all receiving rituximab, albeit with a different
chemotherapy regimen, and suggested improved outcomes
as a result [10]. Nevertheless, the safety of rituximab in
PLWH has been debated ever since a randomized phase III
study of CHOP (cyclophosphamide, doxorubicin, vincris-
tine, prednisolone) versus R-CHOP in patients with
aggressive B-cell lymphoma was published [11]. Rituximab
was associated with a trend to improved response rate and
a significant reduction in progression of lymphoma on
treatment, and in death due to lymphoma. However, there
was a higher mortality in the rituximab arm from infectious
complications, particularly in those with a CD4þ cell count
below 50cells/ml. Subsequent observational cohort publi-
cations have not supported these concerns and have reported
reassuring data on the safety of rituximab in the management
of DLBCL in PLWH [12–14].

Therefore, rituximab has not been routinely incorporated
in the treatment of Burkitt lymphoma in PLWH to date,
with few, well populated studies looking specifically at
PLWH. We therefore evaluated the role of rituximab
addition to CODOX-M/IVAC chemotherapy and
cART in HIV-BL using a retrospective analysis of data
from five treatment centers in London, United Kingdom.
Method

Patient population
Ninety-one PLWH with HIV-BL (81% men) were
treated with either CODOX-M/IVAC (n¼ 49) or
 Copyright © 2015 Wolters Kluwer H
major HIV lymphoma treatment centers in London
(Chelsea & Westminster Hospital, Kings College
Hospital, St Bartholomew’s Hospital, The Royal Free
Hospital, and University College London Hospital)
between 2003 and 2013. Their clinicopathological
characteristics are detailed in Table 1.

Treatment
The standard CODOX-M/IVAC regime [15,16] was
used with two alternating cycles of CODOX-M and
IVAC chemotherapy. Individuals were risk-stratified,
and those who fulfilled all the following criteria were
defined as low risk: lactate dehydrogenase within the
normal range, ECOG performance 0 or 1, Ann Arbor
stage I–II, and no tumor greater than 10 cm [15]. Low-
risk individuals received three cycles of CODOX-M.
Center-related preferences at the time determined
rituximab use and, when administered, this was at a
dose of 375 mg/m2 on days 1 and 10 of CODOX-M, day
1 of IVAC, and two further doses 21 and 42 days after the
final course of IVAC to bring the total of rituximab
infusions to 8 [17]. All patients were treated with cART
according to the National British HIV Association
(BHIVA) guidelines [18,19]. When possible, ritonavir-
boosted protease inhibitors were avoided because of the
reported increased risk of myelotoxicity [20]. All patients
received opportunistic infection prophylaxis (fluconazole
or liposomal amphotericin, aciclovir, trimethoprim–
sulfamethoxazole, dapsone, atotvoquone or pentamidine,
and, in some centers, azithromycin)

Histological diagnosis of lymphoma was based on local
review according to WHO criteria [21]. All patients
underwent standard staging procedures including a neck–
chest–abdomen–pelvis computed tomography (CT)
scan or [18F]fluorodeoxyglucose PET-CT (FDG–PET-
CT), bone marrow trephine examination, and CSF
sampling. Pretreatment performance status was recorded
using either the Karnofsky scoring system or the Eastern
Cooperative Oncology Group (ECOG) score. Toxicity
was assessed according to the EORTC Common Toxicity
Criteria version 4.0. Response was assessed after
completing treatment following standard response criteria
in use at the time [22,23].

Statistical analysis
All patients were included in the analysis. Differences
between patients treated with and without rituximab in
the distribution of demographic and clinical variables
were assessed using the chi-squared test, Mann–Whitney
U test, or the Student’s t test. Survival analysis was
performed using the Kaplan–Meier method, and
comparisons between groups used the log-rank test.
Graphpad Prism 6 (GraphPad Software Inc., La Jolla,
California, USA) was used for all statistical analyses.
ealth, Inc. All rights reserved.
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Table 1. Patient characteristics.

R-CODOX-M/R-IVAC (n¼42) CODOX-M/IVAC (n¼49) P

Cohort characteristics
Median age 46 (25–69) 39 (24–60) 0.019
Age >35 85.7% (n¼36) 63.3% (n¼31) 0.015
Men 78.6% (n¼33) 83.7% (n¼41) 0.59
Ethnicity

Asian 4.8% (n¼2) 0.0% (n¼0) 0.21
Black African 19% (n¼8) 26.5% (n¼13) 0.46
Black Afro-Caribbean 4.8% (n¼2) 2.0% (n¼1) 0.59
NK 2.4% (n¼1) 0.0% (n¼0) 0.46
South American 7.1% (n¼3) 0.0% (n¼0) 0.09
Other White 11.9% (n¼5) 26.5% (n¼13) 0.11
White British 50.0% (n¼21) 44.9% (n¼22) 0.68

Disease presentation
B symptoms 59.5% (n¼25) 67.3% (n¼33) 0.51
Mean stage 3.57 3.45 0.56
Stage 3/4 85.7% (n¼36) 81.6% (n¼40) 0.78
Median ESR (mm/h) 50.5 36 0.28
Median hemoglobin (g/dl) 10.7 11.6 0.15
Median LDH (IU/l) 817 710 0.67
LDH raised 83.3% (n¼35) 75.5% (n¼37) 0.44

Performance Score 1.74 1.54 0.49
Karnovsky PS >70% 42.9% (n¼18) 51.0% (n¼25) 0.44
IPI score 2.83 2.51 0.4

Disease characteristics
EBV status

Positive 42.9% (n¼18) 24.5% (n¼12) 0.08
Negative 26.2% (n¼11) 36.7% (n¼18) 0.37
Not known 31.0% (n¼13) 38.8% (n¼19) 0.51

Bone marrow involvement
Yes 38.1% (n¼16) 44.9% (n¼22) 0.53
No 57.1% (n¼24) 55.1% (n¼27) >0.99
Not known 4.8% (n¼2) 0.0% (n¼0) 0.21
Burkitt leukemia 26.2% (n¼11) 24.5% (n¼12) 0.87
CNS involvement 11.9% (n¼5) 18.4% (n¼9) 0.56
Mean extranodal sites 2.26 1.82 0.15
>1 extranodal site 59.5% (n¼25) 57.1% (n¼28) 0.83

HIV background
Transmission

MSM 42.9% (n¼18) 63.3% (n¼31) 0.06
Heterosexual 23.8% (n¼10) 32.7% (n¼16) 0.49
Not known 28.6% (n¼12) 4.1% (n¼2) 0.0014
Other 4.8% (n¼2) 0.0% (n¼0) 0.21

At BL diagnosis
Median CD4þ cell count (IQR) (cells/ml) 268 (291.5) 217 (242.5) 0.58
HIV viral load <50 (copies/ml) 26.2% (n¼11) 18.4% (n¼9) 0.37
Median detectable HIV viral load (IQR) (copies/ml) 43 647 (287 726) 65 244 (272 835) 0.94
Prior antiretrovirals 45.2% (n¼19) 26.5% (n¼13) 0.08
Interval between HIV and BL diagnoses 38.6 months 25.1 months 0.23
Concurrent HIV/BL diagnoses 42.9% (n¼18) 44.9% (n¼22) 0.85

BL, Burkitt lymphoma; EBV, Epstein Barr virus; IQR, interquartile range; LDH, lactate dehydrogenase.
Results

A total of 91 PLWH were treated for Burkitt lymphoma
during the study period. Among them, 48 received
CODOX-M/IVAC and 1 was defined as low risk and
received CODOX-M only. Forty PLWH received R-
CODOX-M/R-IVAC, and a further two were defined as
low risk and received R-CODOX-M only. There was no
significant difference in baseline characteristics between
the groups (Table 1).

The median follow-up for the whole group was 41
months (range 4–109). The median follow-up for the
 Copyright © 2015 Wolters Kluwe
cohort receiving rituximab was 21 months (range 4–76)
compared to 61 months for those who did not receive
it (range 51–109). The median CD4þ cell count at
diagnosis was 244 cells/ml (range 0–864). Forty (44%)
patients were diagnosed HIV-positive at the same time as
the diagnosis of Burkitt lymphoma was made. Thirty-two
(35%) were established on cART and 20 (63%) had
undetectable plasma HIV viral loads.

Toxicity
Infections and blood product transfusion during chemo-
therapy were a frequent occurrence for patients (Table 2),
but mortality from infections was low at 5% (n¼ 2) when
r Health, Inc. All rights reserved.
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Table 2. Comparison of toxicity between chemotherapy regimes.

CODOXM RCODOXM P IVAC RIVAC P

Grade 3/4 infection 74.24% 64.94% 0.23 58.93% 56.25% 0.62
Grade 3/4 mucositis 22.73% 35.06% 0.11 3.57% 3.13% 0.89
Grade 3/4 diarrhea 9.09% 14.29% 0.34 5.36% 4.69% 0.87
Grade 3/4 tumor lysis 4.55% 7.79% 0.43 0.00% 0.00% >0.99
Grade 3/4 renal failure 6.06% 5.19% 0.83 0.00% 1.56% 0.35
Median days neutropenic 9.5 10.5 0.21 5 6 0.29
Median days of GCSF required 5 7 0.69 5 6 0.55
rituximab was included in the regimen and 8% (n¼ 4)
when it was omitted from the regimen. Only three
patients did not receive intravenous antibiotics at some
stage of their treatment and of these, two were treated
with just one cycle of CODOX-M/IVAC before dying
or discontinuing therapy. Opportunistic infections were
an infrequent occurrence, with two confirmed and one
suspected of fungal chest infections during the monitor-
ing period. All of these were in patients receiving
R-CODOX-M/R-IVAC. There were also five cases
of cytomegalovirus viremia without end-organ disease
requiring treatment, three in patients receiving R-
CODOX-M/R-IVAC, and two in patients receiving
CODOX-M/IVAC.

Toxicity assessment showed that the addition of rituximab
did not confer any statistically significant increase in grade
3/4 toxicity when considering the frequency of infection,
mucositis, diarrhea, renal failure, and tumor lysis
syndrome (see Table 2).

There was also no significant difference in bone marrow
suppression, with a similar length of neutropenia and days
of granulocyte colony-stimulating factor prescribed in
both the groups (see Table 2). Similarly, the hemoglobin,
platelet count, and white cell count were measured
during and at 3-monthly intervals after treatment, with
no significant differences in values seen between the two
treatment options (not shown).

Overall, there was no statistically significant increase in
the length of hospital stay with the addition of rituximab
therapy, the mean inpatient stay to complete two courses
of CODOX-M/IVAC and R-CODOX-M/R-IVAC
being 94 and 103 days, respectively (P¼ 0.58).

Immune suppression and reconstitution and
HIV viremia
There was no significant difference in median CD4þ cell
counts and detectable HIV viral loads at lymphoma
diagnosis (see Table 1). All patients received cART during
chemotherapy. There was a statistically significant
difference in the cART regimens used by the Burkitt
lymphoma treatment group, with a greater proportion
receiving non-nucleoside reverse transcriptase inhibitor
(NNRTI)-based cART in those treated with CODOX-
M/IVAC, and integrase inhibitor-based cART in the
 Copyright © 2015 Wolters Kluwer H
R-CODOX-M/R-IVAC treatment group (Table 3).
This is due to changes in practice in cART treatment.
There was no difference in immune reconstitution by
treatment group with similar CD4þ cell counts seen
during and after treatment, and a similar proportion of
patients achieving an undetectable HIV viral load (see
Table 3).

Overall survival and progression-free survival
Thirty-one patients died at a median time of 1 month
(range 0–30). Fifteen patients died during treatment due
to progression (four in the rituximab group) and 6 patients
died as a result of treatment-related toxicity (two in the
rituximab group). Sixty patients were alive at last follow-
up. The 2-year OS of all patients was 68%. The OS was
greater for patients receiving rituximab {2-year OS 72%
[95% confidence interval (CI) 0.22–0.92, hazard ratio
0.46] vs. 55% (95% CI 1.1–4.5, hazard ratio 2.2); log-
rank P¼ 0.04} (Fig. 1). Four patients relapsed (0 in the
R-group) at a median time of 1.5 months (range 1–7).
The rates of progression-free survival (PFS) were also
greater in the cohort receiving R-CODOX-M/R-
IVAC, with a 2-year PFS of 81% (95% CI 0.21–0.99,
hazard ratio 0.46) vs. 55% (95% CI 1.0–4.8, hazard ratio
2.2) (log-rank P¼ 0.04). Univariate analysis of the
variables listed in Table 1 found only central nervous
system (CNS) involvement by Burkitt lymphoma
(n¼ 14, five achieved complete rmission), made a
statistically significant difference to survival (35.7 vs.
70.1%; P¼ 0.01).

There was no predefined salvage regime, and all patients
who failed to respond to first-line therapy or those
who relapsed, died. Two patients underwent autologous
hematopoietic stem cell transplant following incomplete
CODOX-M/IVAC treatment (suspended as considered
to have had a suboptimal response), and both patients
subsequently achieved sustained complete remission
(follow-up 25 and 41 months).

Thirty-one patients died: six deaths were due to sepsis
during treatment (CODOX-M/IVAC four and R-
CODOX-M/R-IVAC two) and one due to an infection
after treatment had been completed (R-CODOX-M/
R-IVAC). Three patients died for reasons unrelated to
Burkitt lymphoma, with two who had received
CODOX-M/IVAC dying as a result of HIV-related
ealth, Inc. All rights reserved.
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Table 3. Combination antiretroviral therapy regimes and immune reconstitution by treatment group.

R-CODOX-M/R-IVAC CODOX-M/IVAC P

cART regime
Integrase inhibitor þ2NRTI 50% (n¼21) 24.5% (n¼12) 0.001
NNRTI þ 2NRTI 21.4% (n¼9) 69.4% (n¼34) <0.0001
PIþ2NRTI 19% (n¼8) 6.1% (n¼3) 0.06
Other (includes triple NRTI and PI/NNRTI regimes) 7.1% (n¼3) 0% (n¼0) 0.06
Not known 2.4% (n¼1) 0% (n¼0)

Median CD4þ cell count during chemotherapy
1 month 59 (1–442) 83 (2–298) 0.67
3 months 79 (8–350) 175 (8–1060) 0.14
6 months 194 (6–553) 189 (8–639) 0.97

Median CD4þ cell count after chemotherapy completion
1 month 105 (0–363) 175 (4–639) 0.069
3 months 200 (47–520) 198 (14–544) 0.64
6 months 264 (86–441) 217 (8–688) 0.83
9 months 331 (87–930) 259 (2–589) 0.26
12 months 350 (153–580) 337 (3–680) 0.94
18 months 365 (141–551) 352 (21–779) 0.4
24 months 420 (201–1207) 460 (196–924) 0.68

HIV viral load <50 copies/ml during chemotherapy
1 month 62.16% (n¼23) 58.82% (n¼20) 0.78
3 months 83.78% (n¼31) 80.65% (n¼25) 0.74
6 months 85.71% (n¼30) 90.00% (n¼27) 0.61

HIV viral load <50 copies/ml after chemotherapy completion
1 month 85.71% (n¼30) 78.57% (n¼22) 0.47
3 months 91.43% (n¼32) 89.29% (n¼25) 0.78
6 months 88.57% (n¼31) 92.86% (n¼26) 0.57
9 months 97.14% (n¼34) 89.29% (n¼25) 0.21
12 months 97.14% (n¼34) 89.29% (n¼25) 0.21
18 months 91.18% (n¼31) 92.86% (n¼26) 0.4
24 months 96.97% (n¼32) 100% (n¼27) 0.37

NRTI, nucleoside reverse transcriptase inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor.
disease and one individual treated with R-CODOX-M/
R-IVAC achieved a complete remission and then
committed suicide 19 months after completing treatment.
Two patients died of unknown causes (one in the
CODOX-M/IVAC group, and one in the R-CODOX-
M/R-IVAC group). The remaining 19 deaths were as a
result of Burkitt lymphoma: 15 from progressive disease
and four from disease relapse. Of the 15 who died from
progressive disease, 11 had been treated with CODOX-
M/IVAC and four with R-CODOX-M/R-IVAC.
The four patients who relapsed had all received
CODOX-M/IVAC: three relapsed within 2 months of
 Copyright © 2015 Wolters Kluwe
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Discussion

The present study adds to the growing body of evidence
that HIV status in Burkitt lymphoma should not
influence the treatment choice [16,24], and patients
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should be treated with the same principle of intensive
short-burst chemotherapy as HIV-uninfected patients as
this results in comparable OS rates [6,10,17,25]. Previous
studies have suggested that treatment-related mortality
with CODOX-M/IVAC is as high as 17% [16]; however,
in our multisite cohort study, which includes a much
larger population than the previous studies, only 7%
of the deaths could be attributed to treatment-related
toxicity. Moreover, there was no significant difference in
the rate of toxic death between patients treated with and
without rituximab.

Recently, the efficacy of a low-intensity infusional
regimen – EPOCH-R (etoposide, prednisolone, vincris-
tine, cyclophosphamide, doxorubicin, rituximab) – has
been described in a prospective study by Dunleavy et al.
[26], showing a PFS and OS of 100 and 90%, respectively,
in PLWH. In this study, patients did not receive cART
during treatment, and thus for 64% of patients, their cART
was suspended. The median CD4þ cell count at the start of
the treatment was higher than in our cohort at 322/ml
(range 32–835). This single-institution study was much
smaller as it included only 11 HIV-positive patients, and
their performance status and extent of disease were not
described separately. Of note, only 9% of the patients had
BM involvement and no patients had CNS involvement –
two parameters that have been associated with a poor
outcome in Burkitt lymphoma [27,28]. The efficacyof this
approach for all patients with HIV-BL is unclear. A
prospective randomized study comparing these regimens
in all patients would be informative.

There is current controversy over the addition of
rituximab in the HIV-positive population [29]; however,
our findings suggest it is both well tolerated and
efficacious. In the only randomized controlled trial of
rituximab in PLWH, Kaplan et al. [11] concluded that the
addition of rituximab conferred no survival advantage
and increased the risk of death from infections. This study,
however, looked at all cases of NHLs, of which around
80% of the cohort had DLBCL and 10% Burkitt
lymphoma, and treatment for all patients was CHOP-
based. The study also included maintenance rituximab
after the completion of chemotherapy which is not
 Copyright © 2015 Wolters Kluwer H
standard practice. Barta et al. [30] systematically reviewed
19 prospective NHL trials in PLWH and found treatment
with rituximab resulted in better rates of complete
remission, and better PFS and OS. However, the subset of
patients with Burkitt lymphoma who received rituximab
was too small for meaningful analysis. Our retrospective,
multicenter analysis is the largest to date in this population
and shows that its addition confers no increase in toxicity
and results in significantly improved OS, with a median
follow-up of 41 months. The OS was 72% for those who
received R-CODOX-M/R-IVAC compared to 55%
for CODOX-M/IVAC. The main concern over the use
of rituximab has been increased toxicity as a result of
increased immunosuppression in an already immuno-
compromized population; however, with the advent of
cART, this should no longer be seen as a significant
risk. Its addition would make sense from a biological
perspective given the characteristic expression of CD20
in Burkitt lymphoma [31]. The evidence already suggests
that concurrent use of cART with chemotherapy
improves the chances of complete remission [30] and
we found no evidence to support fears of long-term
immunosuppression. Two-thirds (66%) of all patients had
achieved a CD4þ cell count greater than 200/ml by
6 months from the end of chemotherapy, with no
significant difference between those who did or did not
receive rituximab (Fig. 2). Similarly, an undetectable viral
load was achieved equally in both groups by 1 month after
chemotherapy. There is no convincing evidence that
cessation of cART is of any benefit to patients being treated
for Burkitt lymphoma and as such we recommend
continued therapy throughout chemotherapy with a
multidisciplinary approach to treatment involving both
hemato-oncologists and HIV physicians to ensure
optimum cART usage to rapidly decrease the HIV viral
load, avoid toxicity and side effects, and allow close
monitoring.

There are potential confounding factors that may have
influenced the results of this retrospective study. One
specific area is with regards to pathology; there has long
existed some diagnostic overlap between Burkitt lym-
phoma and DLBCL, with the WHO Classification of
Tumors of Haematopoietic and Lymphoid Tissues
regarded as the gold standard histopathological diagnostic
reference. Subsequent editions of this, however, have
sought to clarify this grey area further and as such,
some MYC translocation-positive tumors that would
previously have been classified as a Burkitt lymphoma
may now be diagnosed as DLBCL [32]. Although there
was no specific central review, histology within this study
was reviewed by a pan-London consortium of hemato-
pathologists. Rituximab use also tended to occur more
commonly in the later years of our retrospective study.
This explains why the median length of follow-up differs
between the two groups, but also introduces a possible
confounder in terms of improvement in HIV treatment
as this meant more patients receiving R-CODOX-M/
ealth, Inc. All rights reserved.
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R-IVAC were treated with integrase inhibitor-based
cART regimens than those treated with CODOX-M/
IVAC. A future prospective, randomized study would
remove these confounding factors and is important to
accurately address the efficacy of rituximab treatment in
this context.

In conclusion, this multicenter retrospective study
supports the theory that HIV-positive patients with
Burkitt lymphoma should be treated with the same
chemotherapeutic approach as their HIV-negative
counterparts. The addition of rituximab is well tolerated,
results in no increase in toxicity, and confers a significant
survival benefit when compared to CODOX-M/IVAC
chemotherapy alone.
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